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Introduction

Introduction

Thank you for purchasing an NJ-series CPU Unit.

This manual describes the motion control instructions. Please be sure you sufficiently understand the
operations and handling procedures, and use the Motion Control Function Module (abbreviated as “MC
Function Module”) correctly.

Use this manual together with the user’s manuals for the NJ-series CPU Unit.

When you have finished reading this manual, keep it in a safe location where it will be readily available
for future use.

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).

e Personnel in charge of introducing FA systems.

* Personnel in charge of designing FA systems.

e 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 B3503.

Applicable Products

This manual covers the following products.
e NJ-series CPU Units

e NJ501-1300

e NJ501-1400

e NJ501-1500
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Relevant Manuals

Relevant Manuals

There are three manuals that provide basic information on the NJ-series CPU Units: the NJ-series CPU
Unit Hardware User’s Manual, the NJ-series CPU Unit Software User’s Manual (this manual), and the

NJ-series Instructions Reference Manual.

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

dio Version 1 Operation Manual (Cat. No. W504) for information on the Sysmac Studio.
Other manuals are necessary for specific system configurations and applications.

Read all of the manuals that are relevant to your system configuration and application to make the most
of the NJ-series CPU Unit.

NJ-series User's Manuals
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Manual Configuration

Manual Configuration

I NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)

Section

Description

Section 1
Introduction

This section provides an introduction to the NJ-series Controllers and their features,
and gives the NJ-series Controller specifications.

Section 2
System Configuration

This section describes the system configuration used for NJ-series Controllers.

Section 3
Configuration Units

This section describes the parts and functions of the configuration devices in the NJ-
series Controller configuration, including the CPU Unit and Configuration Units.

Section 4
Installation and Wiring

This section describes where and how to install the CPU Unit and Configuration Units
and how to wire them.

Section 5
Troubleshooting

This section describes the event codes, error confirmation methods, and corrections
for errors that can occur.

Section 6
Inspection and Maintenance

This section describes the contents of periodic inspections, the service life of the Bat-
tery and Power Supply Units, and replacement methods for the Battery and Power
Supply Units.

Appendices

The appendices provide the specifications of the Basic I/0 Units, Unit dimensions,
load short-circuit protection detection, line disconnection detection, and measures for
EMC Directives.

I NJ-series CPU Unit Software User’s Manual (Cat. No. W501)

Section Description
Section 1 This section provides an introduction to the NJ-series Controllers and their features,
Introduction and gives the NJ-series Controller specifications.
Section 2 This section describes the variables and control systems of the CPU Unit and CPU
CPU Unit Operation Unit status.
Section 3 This section describes how to use I/O ports, how to create the slave configuration

1/0 Ports, Slave Configuration, and
Unit Configuration

and unit configuration and how to assign functions.

Section 4
Controller Setup

This section describes the initial settings of the function modules.

Section 5
Designing Tasks

This section describes the task system and types of tasks.

Section 6
Programming

This section describes programming, including the programming languages and the
variables and instructions that are used in programming.

Section 7

Simulation, Transferring Projects to
the Physical CPU Unit, and Opera-
tion

This section describes simulation of Controller operation and how to use the results
of simulation.

Section 8 This section describes CPU Unit status.

CPU Unit Status

Section 9 This section describes the functionality provided by the CPU Unit.

CPU Unit Functions

Section 10 This section describes how to go online with the CPU Unit and how to connect to

Communications Setup

other devices.

Section 11
Example of Actual Application Pro-
cedures

This section describes the procedures that are used to actually operate an NJ-series
Controller.

Section 12
Troubleshooting

This section describes the event codes, error confirmation methods, and corrections
for errors that can occur.

Appendices

The appendices provide the CPU Unit specifications, task execution times, system-
defined variable lists, data attribute lists, CJ-series Unit memory information, CJ-
series Unit memory allocation methods, and data type conversion information.
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I NJ-series CPU Unit Motion Control User’s Manual (Cat. No. W507)

Section

Description

Section 1
Introduction to the Motion Control
Function Module

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

Section 2
Motion Control Configuration and
Principles

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

Section 3
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 operations to function on the Sysmac Studio,
and the instructions for creating and configuring axes and axes groups using the Sys-
mac Studio.

Section 4
Checking Wiring from the Sysmac
Studio

This section describes the MC Test Run operations of the Sysmac Studio. You can
use the MC Test Run operations to monitor sensor signals, check Servomotor wiring,
and more, all without any programming.

Section 5
Motion Control Parameters

This section provides information on the axis parameters and axes group parameters
that are used for motion control.

Section 6
Motion Control Programming

This section provides the specifications of a motion control program and the operat-
ing procedures that are required up through actual program development.

Section 7
Manual Operation

This section describes manual operation when the MC Function Module is used
together with an OMRON G5-series Servo Drive.

Section 8 This section describes homing.
Homing
Section 9 This section describes the motion control functions that are used when connected to

Motion Control Functions

OMRON Gb5-series Servo Drives with built-in EtherCAT communications.

Section 10
Sample Programming

This section describes basic application methods for homing, error monitoring, and
other functions, and provides programming samples for absolute positioning, cam
operation, and other axis operations.

Section 11
Troubleshooting

This section describes the items to check when problems occur in the MC Function
Module. It includes error diagnosis and countermeasures for error indications, and
error diagnosis and countermeasures for operating conditions.

Appendices

The appendices describe settings and connection methods for OMRON G5-series
Servo Drive objects.

NJ-series Motion Control Instructions Reference Manual
(Cat. No. W508) (This Manual)

Section

Description

Section 1
Introduction to Motion Control
Instructions

This section gives an introduction to motion control instructions supported by NJ-
series CPU Units.

Section 2
Variables and Instructions

This section describes the variables and instructions for the Motion Control Function
Module.

Section 3
Axis Command Instructions

This section describes the instructions that are used to perform single-axis control for
the MC Function Module.

Section 4
Axes Group Instructions

This section describes the instructions to perform multi-axes coordinated control for
the MC Function Module.

Section 5
Common Command Instructions

This section describes the instructions that are used for both axes and axes groups.

Appendices

The appendices describe the error codes that are generated by the instructions.
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Manual Stru

Page Structure

cture

The following page structure is used in this manual.

Level-1 section heading

Manual Structure

=P 3 Axis Command Instructions

Level-2 section heading —— MC_Power

Level-3 section heading ——>

Special information
Icons indicate
precautions, additional
information, or reference
information.

e&nd

‘The MC_Power instruction makes a Servo Drive ready to operate.

Graphic expression e
e T Fane: e
e
i ara— I e
wenabie Sucm | Steus =>parameter
Busy =>parameter,
Busyfm Error =>parameter,
o -
ErroriD | ) "parameter

Variables

I Input Variables

[Tho Gevice Is ready for operation when
Enableis TRUE, and not ready when itis

I Output Variables

Wame. Datatype | _Vaid range ] Desription
Status SevoON__|BOOL | TRUE or FALSE_| TRUE when the device i ready for operation
Busy TRUE o FALSE Frowioagod
Eror Eror BOOL | THUE or FALSE_| TRUE whil there s an error
ErrorD Error Gode, | WORD Gontains the error code when an erTor GGeurs.
A valuo of 1640000 indicates normal exacution

* Refer to A-1 Error Codes.

® Output Variable Update Timing

Name. [ Timing for changing to TRUE ]
When the speciied axis becomes
ready for operaton.

Status. = When operalion ready Stalus for the
specifiod axis is cloared.

= When Error changes to TRUE

T T T

Busy When TRUE.

~When FALSE.
= When Error changes to TRUE.

Error When here Is an error In e execution
conditons of input parameters for the
instruction

When the error s cleared,

A

Manual name

3 Axis Command Instructions

|| In-Out Variables

Name.
Axis

Description
Tos SAXIS FEF Speciy he axis

* Specily an Axis Varlable that was created in the Axis Basic.Settings of the Sysmac Studio. (The default axis variable names
are MC_Axis™

Function

« When Enable changes to TRUE, the axis specified by Axis is made ready to operate.

You can control the axis when it is ready to operate.
When Enable changes to FALSE, the ready status is cleared for the axis specified by Axis.
You cannot control the axis ater the ready status is cleared because it will not acknowledge opera-
tion commands. Also, an error occurs if a motion command is executed for an axis for which the
ready status is cleared. You can execute the MC_Power (Power Servo) and MC_Reset (Reset Axis
Ertor) instructions even for axes that are not ready.
You can use this instruction to disable the operation of axes while they are in motion. In this case,
CommandAborted will change to TRUE. Output of the operation command will stop and the axis will
notlonger be ready for operation.

If home is ot defined for a Servomotor with an absolute encoder, compensation is performed using
the absolute encoder home offset to define home when the axis is ready to operate.

For details on the absolute encoder home offset, refer to the Nu-series CPU Unit Motion Control
User's Manual (Cat. No. W507).

— . Precautions for Correct Use
————

= You can use this instruction for servo axes and virtual servo axes. If the instruction is used for
encoder axes or virtual encoder axes, an error will occur.

« Executing this Instruction for the Master Axis of Synchronized Control
When master axis operation is disabled for a vertical axis, the position of the master axis may
change rapidly. This may cause the motion of the slave axis to change rapidly. Take suitable
measures to prevent the slave axis from moving rapidly, such as applying a brake to the mas-
ter axis or leaving master axis operation enabled untilafter synchronized control is completed.

I Timing Charts
« When Enable changes to TRUE, Busy (Executing) changes to TRUE to indicate that the instruction
was acknowledged
« After the axis becomes ready for operation, Status (Servo ON) changes to TRUE
« When Enable changes to FALSE, Busy (Executing) changes to FALSE. Status (Servo ON) changes

to FALSE when ready status is cleared. Status (Servo ON) outputs the axis ready status regardiess
of whether Enable is TRUE or FALSE

cravie |
s _
N e

eadyfor operaton.

specied axis.

—— Level-2 section heading
The level-2 section heading
is given.

~—— Level-1 section number

The level-1 section number
is given.

<

~—

—— Level-3 section heading
The level-3 section heading
is given.

Note: This page is for illustration only. It does not represent a specific page in this manual.
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Manual Structure

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

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

|1/| Precautions for Correct Use
Precautions on what to do and what not to do to ensure proper operation and performance.

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

Note References are provided to more detailed or related information.
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Sections in this Manual

Sections in this Manual

Introduction to Motion Control Instructions

Variables and Instructions

Axis Command Instructions

Axes Group Instructions

Common Command Instructions

Appendices

ESNNN\N

Index

—>Jo]~Fofo] -
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Read and Understand this Manual

Read and Understand this Manual

Please read and understand this manual before using the product. Please consult your OMRON representative
if you have any questions or comments.

Warranty and Limitations of Liability
WARRANTY

OMRON's exclusive warranty is that the products are free from defects in materials and workmanship for a
period of one year (or other period if specified) from date of sale by OMRON.

OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, REGARDING NON-
INFRINGEMENT, MERCHANTABILITY, OR FITNESS FOR PARTICULAR PURPOSE OF THE
PRODUCTS. ANY BUYER OR USER ACKNOWLEDGES THAT THE BUYER OR USER ALONE HAS
DETERMINED THAT THE PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR
INTENDED USE. OMRON DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED.

LIMITATIONS OF LIABILITY

OMRON SHALL NOT BE RESPONSIBLE FOR SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES,
LOSS OF PROFITS OR COMMERCIAL LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS,
WHETHER SUCH CLAIM IS BASED ON CONTRACT, WARRANTY, NEGLIGENCE, OR STRICT
LIABILITY.

In no event shall the responsibility of OMRON for any act exceed the individual price of the product on which
liability is asserted.

IN NO EVENT SHALL OMRON BE RESPONSIBLE FOR WARRANTY, REPAIR, OR OTHER CLAIMS
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 OR REPAIR.
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Read and Understand this Manual

Application Considerations
SUITABILITY FOR USE

OMRON shall not be responsible for conformity with any standards, codes, or regulations that apply to the
combination of products in the customer's application or use of the products.

At the customer's request, OMRON will provide applicable third party certification documents identifying
ratings and limitations of use that apply to the products. This information by itself is not sufficient for a
complete determination of the suitability of the products in combination with the end product, machine,
system, or other application or use.

The following are some examples of applications for which particular attention must be given. This is not
intended to be an exhaustive list of all possible uses of the products, nor is it intended to imply that the uses
listed may be suitable for the products:

» Qutdoor use, uses involving potential chemical contamination or electrical interference, or conditions or
uses not described in this manual.

* Nuclear energy control systems, combustion systems, railroad systems, aviation systems, medical
equipment, amusement machines, vehicles, safety equipment, and installations subject to separate
industry or government regulations.

* Systems, machines, and equipment that could present a risk to life or property.

Please know and observe all prohibitions of use applicable to the products.

NEVER USE THE PRODUCTS FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN DESIGNED TO
ADDRESS THE RISKS, AND THAT THE OMRON PRODUCTS ARE PROPERLY RATED AND
INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIPMENT OR SYSTEM.

PROGRAMMABLE PRODUCTS

OMRON shall not be responsible for the user's programming of a programmable product, or any
consequence thereof.
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Read and Understand this Manual

Disclaimers

CHANGE IN SPECIFICATIONS

Product specifications and accessories may be changed at any time based on improvements and other
reasons.

It is our practice to change model numbers when published ratings or features are changed, or when
significant construction changes are made. However, some specifications of the products may be changed
without any notice. When in doubt, special model numbers may be assigned to fix or establish key
specifications for your application on your request. Please consult with your OMRON representative at any
time to confirm actual specifications of purchased products.

DIMENSIONS AND WEIGHTS

Dimensions and weights are nominal and are not to be used for manufacturing purposes, even when
tolerances are shown.

PERFORMANCE DATA

Performance data given in this manual 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 users must
correlate it to actual application requirements. Actual performance is subject to the OMRON Warranty and
Limitations of Liability.

ERRORS AND OMISSIONS

The information in this manual has been carefully checked and is believed to be accurate; however, no
responsibility is assumed for clerical, typographical, or proofreading errors, or omissions.

NJ-series Motion Control Instructions Reference Manual (W508)
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Read and Understand this Manual
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Safety Precautions

Refer to the following manuals for safety precautions.
¢ NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
* NJ-series CPU Unit Software User's Manual (Cat. No. W501)

NJ-series Motion Control Instructions Reference Manual (W508)
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Precautions for Safe Use

Precautions for Safe Use

Refer to the following manuals for precautions for correct use.
¢ NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
¢ NJ-series CPU Unit Software User's Manual (Cat. No. W501)
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Precautions for Correct Use

Refer to the following manuals for precautions for safe use.
¢ NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
* NJ-series CPU Unit Software User's Manual (Cat. No. W501)
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Regulations and Standards

Regulations and Standards

Conformance to EC Directives

20

I Applicable Directives

e EMC Directives
* Low Voltage Directive

I Concepts

® EMC Directive

OMRON devices that comply with EC Directives also conform to the related EMC standards so that
they can be more easily built into other devices or the overall machine. The actual products have
been checked for conformity to EMC standards.*

Whether the products conform to the standards in the system used by the customer, however, must
be checked by the customer. EMC-related performance of the OMRON devices that comply with EC
Directives will vary depending on the configuration, wiring, and other conditions of the equipment or
control panel on which the OMRON devices are installed. The customer must, therefore, perform the
final check to confirm that devices and the overall machine conform to EMC standards.

* Applicable EMC (Electromagnetic Compatibility) standards are as follows:

EMS (Electromagnetic Susceptibility): EN 61131-2 and EN 61000-6-2
EMI (Electromagnetic Interference): EN 61131-2 and EN 61000-6-4 (Radiated emission: 10-m regulations)

® Low Voltage Directive

Always ensure that devices operating at voltages of 50 to 1,000 VAC and 75 to 1,500 VDC meet the
required safety standards. The applicable directive is EN 61131-2.

Conformance to EC Directives

The NJ-series Controllers comply with EC Directives. To ensure that the machine or device in which
the NJ-series Controller is used complies with EC Directives, the Controller must be installed as fol-
lows:

* The NJ-series Controller must be installed within a control panel.
* You must use reinforced insulation or double insulation for the DC power supplies connected to
DC Power Supply Units and I/O Units.

* NJ-series Controllers that comply with EC Directives also conform to the Common Emission Stan-
dard (EN 61000-6-4). Radiated emission characteristics (10-m regulations) may vary depending
on the configuration of the control panel used, other devices connected to the control panel, wir-
ing, and other conditions.

You must therefore confirm that the overall machine or equipment complies with EC Directives.
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Regulations and Standards

Conformance to Shipbuilding Standards

The NJ-series Controllers comply with the following shipbuilding standards. Applicability to the ship-
building standards is based on certain usage conditions. It may not be possible to use the product in
some locations. Contact your OMRON representative before attempting to use a Controller on a
ship.

I Usage Conditions for NK and LR Shipbuilding Standards

* The NJ-series Controller must be installed within a control panel.

* Gaps in the door to the control panel must be completely filled or covered with gaskets or other
material.

* The following noise filter must be connected to the power supply line.

Noise Filter
Manufacturer Model
Cosel Co., Ltd. TAH-06-683
Trademarks

* Sysmac and SYSMAC are trademarks or registered trademarks of OMRON Corporation in Japan
and other countries for OMRON factory automation products.

* Windows, Windows 98, Windows XP, Windows Vista, and Windows 7 are registered trademarks of
Microsoft Corporation in the USA and other countries.

* EtherCAT® is a registered trademark of Beckhoff Automation GmbH for their patented technology.
* The SD logo is a trademark of SD-3C, LLC. S"’

Other company names and product names in this document are the trademarks or registered trade-
marks of their respective companies.

Software Licenses and Copyrights

This product incorporates certain third party software. The license and copyright information associ-
ated with this software is available at http://www.fa.omron.co.jp/nj_info_e/.
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Unit Versions

Unit Versions
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Unit Versions
A “unit version” has been introduced to manage CPU Units in the NJ Series according to differences in
functionality accompanying Unit upgrades.
I Notation of Unit Versions on Products

The unit version is given on the ID information label of the products for which unit versions are man-
aged, as shown below.

Example for NJ-series NJ501-LJLICIC1 CPU Unit:

,- ID information label

Unit model Unit version

‘-----

1
J

PORT1 MAC ADDRESS'I N IDDD|

PORT2 MAC ADDRESSII N I |I

Lot number and serial number MAC address

The following information is provided on the ID information label.

Item Description
Unit model Gives the model of the Unit.
Unit version Gives the unit version of the Unit.
Lot number and Gives the lot number and serial number of the Unit.
serial number DDMYY: Lot number, (J: For use by OMRON, xxxx: Serial number
“M” gives the month (1 to 9: January to September, X: October, Y: November, Z: December)
MAC address Gives the MAC address of the built-in port on the Unit.

I Confirming Unit Versions with Sysmac Studio

You can use the Unit Production Information on the Sysmac Studio to check the unit version of the CPU
Unit, CJ-series Special I/O Units, CJ-series CPU Bus Units, and EtherCAT slaves. The unit versions of
CJ-series Basic I/0O Units cannot be checked from the Sysmac Studio.

® CPU Unit and CJ-series Units

1 Double-click CPU/Expansion Racks under Configurations and Setup in the Multiview

Explorer. Or, right-click CPU/Expansion Racks under Configurations and Setup and select
Edit from the menu.

The Unit Editor is displayed for the Controller Configurations and Setup layer.
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2 Right-click any open space in the Unit Editor and select Production Information.

The Production Information Dialog Box is displayed.

Production information

X

Production information le

Model information Lot number
N1501-1500 Ver.1.0 31810
Hardware jon: DFDDD

SYSTEM : 1.00.00 22519

Mode! information | Lot number | BOQT : 20110627

N1501-1500 Ver.1.0
Radk: 0 Slot: 1 Unit: 0 CIIW-V6B0C12 Ver.1.2  16Y10V

Simple Display

IOPFP : B-3-0
IOPFW : 0.73
Runtime : 155
Rack: 0 Slot: 1 Unit: 0 CJIW-V680C12 Ver.1.2 16Y10V
Unit revision: 1
PCB revision: 100
Software revision: 12 0

Outpus il

Close

Detailed Display

In this example, “Ver.1.0” is displayed next to the unit model.

The following items are displayed.

CPU Unit

CJ-series Units

Unit model
Unit version
Lot number

Unit model

Unit version

Lot number

Rack number, slot number, and unit number

® EtherCAT Slaves

Unit Versions

1 Double-click EtherCAT under Configurations and Setup in the Multiview Explorer. Or, right-

click EtherCAT under Configurations and Setup and select Edit from the menu.

The EtherCAT Configuration Tab Page is displayed for the Controller Configurations and Setup

layer.

2 Right-click the master in the EtherCAT Configurations Editing Pane and select Display Produc-

tion Information.

The Production Information Dialog Box is displayed.

Production Information

X

Type information | Serial number |
Node10 R88D-KNO1L-ECT Rev:2.1 (OMRON Corporation)
NodeS R88D-KNO1L-ECT Rev:2.1 (OMRON Corporation) (00000000

The following items are displayed.
Node address

Type information*

Serial number

* If the model number cannot be determined (such as when there is no ESI file), the vendor ID, product
code, and revision number are displayed.
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Unit Versions

Unit Version Notation

In this manual, unit versions are specified as shown in the following table.

Product nameplate

Notation in this manual Remarks

“Ver.1.0” or later to the right of
the lot number

Unit version 1.0 or later Unless unit versions are specified, the information in this manual
applies to all unit versions.

24
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Related Manuals

The following manuals are related to the NJ-series Controllers.

Related Manuals

Use these manuals for reference.

Manual name Cat. No. Model nhumbers Application Description
NJ-series CPU Unit W500 NJ501-C100000] Learning the basic specifi- | An introduction to the entire NJ-series system is
Hardware User’s Manual cations of the NJ-series provided along with the following information on
CPU Units, including intro- | a Controller built with an NJ501 CPU Unit.
ductory information, * Features and system configuration
designing, installation, and .
maintenance. Mainly hard- * Introduction )
ware information is pro- ¢ Part names and functions
vided. ¢ General specifications
* Installation and wiring
¢ Maintenance and inspection
Use this manual together with the NJ-series
CPU Unit Software User’s Manual (Cat. No.
W501).
NJ-series CPU Unit Soft- | W501 NJ501-0000 Learning how to program | The following information is provided on a Con-
ware User’'s Manual and set up an NJ-series troller built with an NJ501 CPU Unit.
CPU Unit. Mainly software | . cpy unit operation
information is provided. « CPU Unit features
* Initial settings
* Programming based on IEC 61131-3 lan-
guage specifications
Use this manual together with the NJ-series
CPU Unit Hardware User’s Manual (Cat. No.
W500).
NJ-series CPU Unit W507 NJ501-L1000] Learning about motion The settings and operation of the CPU Unit and
Motion Control User’s control settings and pro- programming concepts for motion control are
Manual gramming concepts. described. Use this manual together with the
NJ-series CPU Unit Hardware User’s Manual
(Cat. No. W500) and NJ-series CPU Unit Soft-
ware User’s Manual (Cat. No. W501).
NJ-series Instructions W502 NJ501-00000 Learning about the specifi- | The instructions in the instruction set (IEC
Reference Manual cations of the instruction 61131-3 specifications) are described. When
set that is provided by programming, use this manual together with the
OMRON. NJ-series CPU Unit Hardware User's Manual
(Cat. No. W500) and NJ-series CPU Unit Soft-
ware User's Manual (Cat. No. W501).
NJ-series Motion Control | W508 NJ501-L1C00] Learning about the specifi- | The motion control instructions are described.
Instructions Reference cations of the motion con- | When programming, use this manual together
Manual trol instructions that are with the NJ-series CPU Unit Hardware User’s
provided by OMRON. Manual (Cat. No. W500), NJ-series CPU Unit
Software User's Manual (Cat. No. W501) and
NJ-series CPU Unit Motion Control User’s Man-
ual (Cat. No. W507).
CJ-series Special Unit W490 CJ1w-LHd Learning how to use CJ- The methods and precautions for using CJ-
Manuals for NJ-series W498 series Units with an NJ- series Units with an NJ501 CPU Unit are
CPU Unit W499 series CPU Unit. described, including access methods and pro-
W491 gramming interfaces. Manuals are available for
Z317 the following Units.
W492 Analog /O Units, Insulated-type Analog I/0
W494 Units, Temperature Control Units, ID Sensor
W497 Units, High-speed Counter Units, Serial Com-

munications Units, and DeviceNet Units.

Use these manuals together with the NJ-series
CPU Unit Hardware User’s Manual (Cat. No.
W500) and NJ-series CPU Unit Software User’s
Manual (Cat. No. W501).
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Related Manuals

Manual name Cat. No. | Model numbers Application Description
NJ-series CPU Unit Built- | W505 NJ501-0I00C00] Using the built-in EtherCAT | Information on the built-in EtherCAT port is pro-
in EtherCAT Port User’s port on an NJ-series CPU | vided. This manual provides an introduction and
Manual Unit. provides information on the configuration, fea-
tures, and setup.
Use this manual together with the NJ-series
CPU Unit Hardware User’s Manual (Cat. No.
W500) and NJ-series CPU Unit Software User’s
Manual (Cat. No. W501).
NJ-series CPU Unit Built- | W506 NJ501-0J01000] Using the built-in Ether- Information on the built-in EtherNet/IP port is
in EtherNet/IP Port Net/IP port on an NJ-series | provided. Information is provided on the basic
User's Manual CPU Unit. setup, tag data links, and other features.
Use this manual together with the NJ-series
CPU Unit Hardware User’s Manual (Cat. No.
W500) and NJ-series CPU Unit Software User’s
Manual (Cat. No. W501).
NJ-series Troubleshoot- | W503 NJ501-0J000] Learning about the errors | Concepts on managing errors that may be
ing Manual that may be detected in an | detected in an NJ-series Controller and informa-
NJ-series Controller. tion on individual errors are described.
Use this manual together with the NJ-series
CPU Unit Hardware User’s Manual (Cat. No.
W500) and NJ-series CPU Unit Software User’s
Manual (Cat. No. W501).
Sysmac Studio Version 1 | W504 SYSMAC- Learning about the operat- | Describes the operating procedures of the Sys-
Operation Manual SE201110] ing procedures and func- mac Studio.
tions of the Sysmac Studio.
CX-Integrator W464 Learning how to configure | Describes operating procedures for the CX-Inte-
CS/CJ/CP/NSJ-series networks (data links, rout- | grator.
Network Configuration ing tables, Communica-
Tool Operation Manual tions Unit settings, etc.).
CX-Designer User’s V099 Learning to create screen | Describes operating procedures for the CX-
Manual data for NS-series Pro- Designer.
grammable Terminals.
CX-Protocol Operation W344 Creating data transfer pro- | Describes operating procedures for the CX-Pro-

Manual

tocols for general-purpose
devices connected to CJ-

series Serial Communica-
tions Units.

tocol.
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Revision History

Revision History

A manual revision code appears as a suffix to the catalog number on the front and back covers of the

manual.
| Cat. No. | W508-E1-01 |
T— Revision code
Revision code Date Revised content

01 July 2011 Original production
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Introduction to Motion Control

Instructions
]

This section gives an introduction to motion control instructions supported by NJ-series
CPU Units.

1-1 Motion ControlInstructions ............ ittt i 1-2
1-2 Basic Information on Motion Control Instructions ................... 1-9
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1 Introduction to Motion Control Instructions

1-1

Motion Control Instructions

Motion control instructions are used in the user program to execute motion controls for an NJ-series
Controller. These instructions are defined as function blocks.

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 con-
trol function blocks and motion control instructions.

For details on motion control instructions, refer to the NJ-series CPU Unit Motion Control User’'s Manual
(Cat. No. W507).

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-axis coordi-
nated control are defined along with basic procedures for executing instructions.

By using PLCopen motion control function blocks, programming can be more easily reused without
hardware dependence. Costs for training and support are also reduced.

@ Additional Information

PLCopen

PLCopen is a promotion body for IEC 61131-3 that has its headquarters in Europe and a world-
wide membership structure. IEC 61131-3 is an international standard for PLC programming.
PLCopen Japan is the promotion committee for the Japanese market and consists of members
that have concerns related to the Japanese market.

e The website of headquarters of PLCopen in Europe is http://www.plcopen.org/.
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1 Introduction to Motion Control Instructions

Overview of Motion Control Instructions

This section describes items defined in the technical specifications of function blocks for PLCopen
motion control and provides an overview of their application in the MC Function Module.
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I Types of Motion Control Instructions

The following table list the different types of motion control instructions.

Classification Type Functional group Description
Instructions for com- | Common administra- | Cam tables These instructions are used to control the common
mon commands tion instructions Parameters status of the MC Function Module, and to manipu-
late and monitor data.
Instructions for axis | Single-axis motion Single-axis position These instructions move single axes.
commands instructions control

Single-axis velocity con-
trol

Single-axis torque con-
trol

Single-axis synchro-
nized control

Single-axis manual

SUOIONJISU| [04]UOD UOIO O MBIAIBAQ

operation
Single-axis adminis- Auxiliary functions for This instructions control or monitor axis status.
tration instructions single-axis control
Instructions for axes | Multi-axis motion Multi-axes coordinated | These instructions perform coordinated movement
group commands instructions control of an axes group.
Multi-axis administra- | Auxiliary functions for These instructions control or monitor axes group
tion instructions multi-axes coordinated status.
control

I State Transitions

State transitions are defined for axes, axes groups, and instruction execution. For details on the state
and state transitions of the MC Function Module, refer to the NJ-series CPU Unit Motion Control User’s
Manual (Cat. No. W507).

I Execution and Status of Motion Control Instructions

Variables that start instruction execution or that indicate the execution status are defined as common
rules for the instructions. There are two input variables that start instruction execution: Execute and
Enable. The output variables that indicate the execution status of an instruction include Busy, Done,
CommandAborted, and Error.

For detailed specifications of the MC Function Module, refer to the NJ-series CPU Unit Motion Control
User’s Manual (Cat. No. W507).

El 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-series CPU Unit Software User's Manual (Cat. No. W501) for details on data
tracing.
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Introduction to Motion Control Instructions

I Error Processing

You execute motion control instructions to implement motion control with the MC Function Module.
When motion control instructions are executed, input parameters and instruction processing are
checked for errors. If an error occurs in an instruction, the Error output variable from the instruction
changes to TRUE and an error code is output to Error/D output variable.

There are two ways that you can use to program processing of errors for motion control instructions.

® Error Processing for Individual Instructions

You can use the Error and ErrorlD output variables from the instruction to process errors that occur for
each instruction.

The following example shows how to determine if an lllegal Axis Specification occurs for the instruction
with the instance name PWR1. The instructions are programmed so that error processing is executed if
NoAxisErr changes to TRUE.

Turning ON the Servo

PWR1
MC_Power
Pwr1_En MC_Axis000 — Axis — — Axis|— Pwr1_Status
|} Enable Status O
Busy |— Pwr1_Bsy
Error}— Pwri_Err
ErrorlD f— Pwr1_ErriD
Checking to See If the Specified Axis Exists
Pwr1_Err EQ NoAxisErr
it EQ O
Pwr1_ErrlID — In1
WORD#5460 — In2
—In3
—In4
—In5

® Error Processing for Different Types of Errors

You can use the error status that is provided by the system-defined variables for motion control to
process each type of error separately.

The following example shows how to determine if a Slave Communications Error occurs for the axis
that is called MC_Axis000. The instructions are programmed so that error processing is executed if
ConnectErr changes to TRUE.

Checking for Communications Errors between the CPU Unit and Servo Drive

Off EQ ConnectErr
% EQ O
MC_Axis000.MFauliLvl.Code — In1
WORD#8440 — In2
—In3
—In4
—In5
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1 Introduction to Motion Control Instructions

Changing Input Variables during Execution of Motion Control
Instructions (Restarting Instructions)

If the values of the input variables to an instruction instance are changed while the motion control
instruction is under execution and then Execute is changed to TRUE again, operation will follow the new
values.
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For details on re-execution of MC Function Module instructions, refer to the NJ-series CPU Unit Motion
Control User’'s Manual (Cat. No. W507).

I Multi-execution of Instructions with BufferMode

A different instruction instance can be executed during axis motion. You can specify when a motion
starts by setting an input variable called BufferMode. The following Buffer Modes are supported for Buf-
ferMode.

¢ Aborting: Abort (Aborting)

e Buffered: Standby (Buffered)

¢ Blending Low: Blending with the low velocity (BlendinglLow)

¢ Blending Previous: Blending with the previous velocity (BlendingPrevious)
¢ Blending Next: Blending with the next velocity (BlendingNext)

¢ Blending High: Blending with the high velocity (BlendingHigh)

SUOIONJISU| [04]UOD UOIO O MBIAIBAQ

In Aborting Mode, other motions are aborted and the function block is executed immediately. In other
modes, the next instruction waits until an output variable such as Done or InVelocity from the currently
executed instruction changes to TRUE. For Buffered, the next instruction is executed after the current
instruction is executed and Done changes to TRUE. For the blending modes, two instruction motions
are executed consecutively without pausing. The transition velocity between the two motions is selected
from four modes.

For the MC Function Module, BufferMode is also referred to as multi-execution of instructions.

For details on multi-execution of instructions for the MC Function Module, refer to the NJ-series CPU
Unit Motion Control User’'s Manual (Cat. No. W507).

I Structures Used for Motion Control

Information required for motion control are defined as structures in PLCopen technical materials. Data
type names and basic aspects are defined, but the contents of the structures are not defined.

The main data types defined in PLCopen and the data types used in the MC Function Module are
shown in the following table.

Data type o
- Definition
PLCopen MC Function Module
AXIS_REF _SAXIS_REF This is a structure that contains information on the correspond-
ing axis.
AXES_GROUP_REF | _sGROUP_REF This is a structure that contains information on the correspond-

ing axes group.

TRIGGER_REF

_STRIGGER_REF

This is a structure that contains information on trigger inputs.
¢ Trigger specifications

¢ Detection pattern information (positive, negative, both, edge,
level, pattern recognition, etc.)

INPUT_REF

This is a structure that contains information relating to the input
specifications. It may include virtual data. This data type is not
used by the MC Function Module.

OUTPUT_REF

This is a structure relating to physical outputs. This data type is
not used by the MC Function Module.

NJ-series Motion Control Instructions Reference Manual (W508) 1-5



1

Introduction to Motion Control Instructions

As shown in the above table, the MC Function Module uses some data types that are defined by
PLCopen and some that are defined specifically for the MC Function Module.

Refer to the NJ-series CPU Unit Motion Control User's Manual (Cat. No. W507) for definitions of the
data types and structures that are handled by the MC Motion Module.
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1 Introduction to Motion Control Instructions

Precautions for Master and Auxiliary Axes in Synchronized Control

Precautions that are related to sudden changes in velocity and conditions that lead to errors are given
below for master and auxiliary axes in synchronized control.
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I Sudden Changes in Velocity

When the velocity of the master or auxiliary axis changes suddenly when synchronized motion is
started or during synchronized motion, the motion of the slave axis can change suddenly and some-
times place an excessive load on the machine. Take suitable precautions in the following cases
because the velocity of the master or auxiliary axis may change suddenly.

* When one of the following four instructions is executed for the master or auxiliary axis:

MC_ImmediateStop instruction
MC_SetPosition instruction
MC_ResetFollowingError instruction
MC_SyncMoveVelocity (Cyclic Synchronous Velocity Control) instruction
To ensure that the slave axis does not move suddenly, set suitable input parameters and execution
timing for the above instructions or execute them after synchronized control has been released.
¢ When the immediate stop input signal or limit stop input signal changes to TRUE for the master or
auxiliary axis
¢ When the Servo turns OFF for the master or auxiliary axis
When the Servo is turned OFF when the master or auxiliary axis is a vertical axis, the position of the
axis may change suddenly. Take suitable measures to prevent the slave axis from moving suddenly,

such as applying a brake to the master or auxiliary axis or turning OFF the Servo after synchronized
control has been released.

e When you change the control mode of the Servo Drive
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Take suitable precautions for changes in the velocity when an instruction is executed. Set suitable
input parameters for the instruction.

I Conditions That Lead to Errors

When any of the following four conditions occurs for the master or auxiliary axis when synchronized
motion is started or during synchronized motion, a Master Axis Position Read Error or Auxiliary Axis
Position Read Error occurs for the slave axis.

The CommandAborted output variable from the synchronized control instruction changes to TRUE at
the same time.

e EtherCAT process data communications are not established.

¢ An EtherCAT Slave Communications Error occurs while EtherCAT communications are not estab-
lished.

¢ An Absolute Encoder Current Position Calculation Failed error occurs.
e The slave is disconnected.

The following occur if multi-execution of instructions is used for the synchronized control instruction for
the slave axis.

e Even if the master or auxiliary axis is in one of the four conditions given above, multi-execution of
instructions is acknowledged normally and the instruction is buffered.

¢ The motion for the buffered instruction is started as normal if none of the above four conditions exist.
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@ Additional Information

If the MC_Home instruction is executed for the master or auxiliary axis or if the MC_Power
instruction is executed for an axis that uses an absolute encoder, the slave ignores the changes

in position of the master or auxiliary axis. Therefore, the slave axis does not move suddenly
when defining home.
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1 Introduction to Motion Control Instructions

1-2 Basic Information on Motion Control
Instructions

This section describes basic specifications and restrictions for programming with motion control instruc-
tions for the MC Function Module built into the CPU Unit. For details on motion control instructions,
refer to SECTION 3 Axis Command Instructions, Section 4 Axes Group Instructions, and Section 5
Common Command Instructions.

Motion Control Instruction Names

All motion control instructions for the MC Function Module begin with “MC_".
To see whether an instruction is defined by PLCopen or whether it is an instruction defined for the MC
Function Module itself, refer to 2-1 Variables.

Languages for Motion Control Instructions

Motion control instructions of the MC Function Module can be used in the following programming lan-
guages.

e Ladder diagrams (LD)

e Structured text (ST)

I Ladder Diagrams (LD)

Instruction instances of motion control instructions are located in ladder diagrams. The instruction
instances can be named.

The following example shows the MC_MoveAbsolute (Absolute Positioning) instruction.

Instance name

In-out variable MC_ABS_instance Body name
N__ _ MC_MoveAbsolute”_ _ _ _
PTP_Absolute MC_AXISO01 =fAXIS -------=-2-z-z-2oze o mooooo - AXiS=AXist

| F—————— Execute T 5o-né‘ —PTP_Done !
’ Y T T R
PTP_Position=={'Position Busy'j=
! - o ) ) Y, x Output parameter
: PTP_Velocitym=iVelocity Active!jm

1 1
1 PTP?ACC:— 1Acceleration Command Abortedf=
1

. PTP_Dec}=Deceleration

D pp—— -

Omitted. =='Jerk
Input parameters _/ o
Omitted. =={IDirection

1
Omitted. = BufferMode

- -

1
Error =
Error|D!f=
4

M Output variables

Input variables
¢ The axis variable name of the Servo Drive to control is specified with the in-out variable Axis.

¢ Motion conditions, such as the target position or target velocity, are specified with input variables.
e The status of the instruction or the status of the Servo Drive is output with output variables.
¢ If input parameters are omitted, input variables are set to default values.

¢ When you program in a ladder diagram, insert an input between the Execute or Enable input variable
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.

NJ-series Motion Control Instructions Reference Manual (W508) 1-9
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1 Introduction to Motion Control Instructions

I Structured Text (ST)

The instruction instance name is specified. Instruction variables are written from upper left to lower left,
then upper right to lower right. The following example shows MC_MoveAbsolute (Absolute Positioning).

MC_ABS_instance(
Axis := MC_AXxis001 ,
Execute := PTP_Absolute ,
Position := PTP_Position ,
Velocity := PTP_Velocity ,
Acceleration := PTP_Acc,

Deceleration := PTP_Dec ,
Jerk := PTP_Jerk ,

Direction := _mcNoDirection ,
BufferMode := _mcAborting ,
Axis => MC_Axis001 ,

Done => PTP_Done

);

Motion Control Instruction Locations

This section describes the tasks in which motion control instructions can be located, and the differ-
ences in operation that can occur for different locations in the user program.

I Task Types

Motion control instructions can be used in the primary periodic task and in a periodic task with an exe-
cution priority of 16 (called a priority 16 periodic task).

Task type Applicable?

Primary periodic task OK

Periodic task (execution priority: 16) OK

Periodic task (execution priority: 17) No

Periodic task (execution priority: 18) No

You can place motion control instructions both in the primary periodic task and in the priority-16 peri-
odic task.
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1 Introduction to Motion Control Instructions

I Function Block Definitions

You can also use motion control instructions in user-defined function block definitions.
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@ Additional Information

Design efficiency is improved through program structuring, and program visibility is improved if a
process with multiple operations is treated as a single function block.

I Master Control Regions

The area in a ladder diagram between the Master Control Start instruction (MC) and the Master Control
End instruction (MCR) is the master control region.

[ve )

> Master control region
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If a motion control instruction is located in the master control region, and the MC input condition is
FALSE, the following will occur.

¢ Motion control instructions for which input variable Enable or Execute is connected directly to the
left bus bar are executed with a FALSE value for Enable or Execute.

* Inline ST sections are executed normally.

e The values of the output parameters are updated as normal even when the Enable or Execute
input variables to the motion control instructions are FALSE.

® Enable-type Motion Control Instructions
¢ Instructions located in master control regions are equivalent to the programming shown on the
right in the following figure.
¢ When GO is TRUE, MC_Power is executed normally.
¢ When GO is FALSE, MC_Power is executed as if the Enable input variable was FALSE.

GO
— —— MC |
PWH1 PWA1

MC_Power MC_Power

N T]AXismeeee Axis - Equivalent | go IN AXis ------- Axis -

— ——— Enable Status |- Status_ PW <:> — — — Enable Status |- Status_PW
Busy |- Busy_PW Busy |- Busy_PW

|
>
X
»

—— MCR
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1 Introduction to Motion Control Instructions

Go

INJI

PW1.Busy_PW J
PW1.Status_PW

Servo ON/OFF

\

—
—

Enable of the motion control instruction changes to
FALSE and the Servo turns OFF.

Execute-type Motion Control Instructions

¢ Instructions located in master control regions are equivalent to the programming shown on the
right in the following figure.

When GO0 is TRUE, MC_MoveRelative is executed normally.
When GO is FALSE, MC_MoveRelative is executed as if the Execute input variable was FALSE.
Instructions executed when GO is TRUE continue operation until completion, even if GO changes

to FALSE during operation. The values of output parameters are also updated in the normal way.

GO

— ——

MC

N

-
G

Rell

MC_MoveRelative

=1 Axis====------ Axis [~

|
— —— Execute

Done |~ Done_1
Busy [~ Busy_1
Active [~ Active_1

MCR

0

Equivalent

<=

— — — Execute

Rel1
MC_MoveRelative
= AXig========-" Axis [~
Done [~ Done_1
Busy [~ Busy_1
Active [~ Active_1

IN I

Rel1.Execute

Rel1.Busy_1

Rel1.Active_1 | |

Rel1.Done_1

\

L

Execute changes to TRUE.

i_l

I |~® Positioning starts when

m Precautions for Correct Use

\

Positioning is completed when Execute changes
to FALSE, so Rel.Done_1 changes to TRUE for
one period.

Execute-type motion control instructions are executed when GO changes to TRUE. It is not rec-
ommended to use them in the master control region. If they must be used, be careful of the oper-

ation.
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1 Introduction to Motion Control Instructions

@ Additional Information

¢ The function of the MC (Master Control Start) instruction is disabled in ST. All instructions in
ST are executed normally.

For details on the MC and MCR instructions, refer to the NJ-series Instructions Reference Man-
ual (Cat. No. W502).

UOIO\| UO uoleWIOU| dISed Z-|

suolonJisuj |jonuo)

I Motion Control Instructions in ST Structure Instructions

This section describes the operation of motion control instructions when they are located in ST struc-
tures, such as IF, CASE, WHILE, or REPEAT structures.

When the evaluation result for the condition expression of an ST structure instruction is FALSE, the
motion control instructions within the structure are executed as if the Enable or Execute input variable is
FALSE.

If execution of an execute-type instruction is started and then the evaluation result changes to FALSE,
processing is continued until it completed. In that case, however, the values of the output variables are
not updated.
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|-_l7| Precautions for Correct Use

The execution status of an execute-type instruction in an ST structure will not be clear if the eval-
uation result of the condition expression changes to FALSE during execution of the instruction.
We therefore do not recommend using execution-type instructions in ST structures.

If they must be used, be careful of the operation.

@ Additional Information

To switch the execution of an execute-type instruction with the condition expression, place only
the Execute input parameter in the ST structure. Place the execute-type instruction itself outside
of the ST structure.

For details on the ST structure instructions, refer to the NJ-series Instructions Reference Manual
(Cat. No. W502).

I Treatment of REAL and LREAL Data

REAL and LREAL are floating-point decimal data types. This section describes how they are expressed
and processed.

® REAL and LREAL Data Sizes

The data sizes of REAL data and LREAL data are different. REAL data has 32 bits and LREAL data
has 64 bits.

® Floating-point Decimal Data Format

A real number in floating-point decimal format is expressed using a sign, exponent, and mantissa.
When a real number is substituted in the following formulas, the value corresponding to ‘s’ becomes
the sign, ‘e’ the exponent, and f’ the mantissa.
¢ REAL Data

Number = (—1)828-127(1 4 f x 2-23)
e LREAL Data

Number = (—1)526-1023(1 4 f x 2-52)
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1 Introduction to Motion Control Instructions

The floating-point data format conforms to the IEEE754 standards. The following formats are used.

Sign Exponent Mantissa
REAL data (32 bits)
S e f
31 30 23 22 0
Sign Exponent Mantissa
LREAL data (64 bits) | g e f
63 62 52 51 0

Example: Expressing —86.625 as REAL Data

1 Setting the Sign

The number is negative, so s = 1.

Binary Expression
The number 86.625 is 1010110.101 as a binary number.

Normalized Binary Expression

When the above number is normalized, it becomes 1.010110101 x 26.

A QN

Exponent Expression

From the previous equation, e-127 = 6. Therefore e = 133. The number 133 is 10000101 as a
binary number. This expresses the exponent.

O

Mantissa Expression

Numbers following the decimal point in 1.010110101 are 010110101. This number is expressed
using 23 bits, but here there are insufficient digits. Therefore zeros are added. The 23-bit figure
becomes f. Therefore f = 01011010100000000000000.

Therefore, —86.625 is expressed as shown in the following figure.
Sign Exponent Mantissa

REAL data (32 bits)| 1 [10000101|01011010100000000000000

31 30 23 22 0

@ Valid Ranges
The valid ranges of REAL and LREAL are shown in the following table.

Data type —oco Negative numbers (0] Positive number +oo
REAL —o0 -3.402823e+38 to 0 +1.175494e-38 to +oo
—1.175494e-38 +3.402823e+38
LREAL —oo —1.79769313486231e+308to0 |0 | +2.22507385850720e-308t0 | +oo
—2.22507385850720e—-308 +1.79769313486231e+308
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1 Introduction to Motion Control Instructions

REAL -3.402823e+38 REAL +3.402823e+38
LREAL —-1.79769313486231e+308 LREAL +1.79769313486231e+308
— oo 0 400
______ | |’| I
| | | |
REAL -1.175494e-38 REAL +1.175494e-38

LREAL -2.22507385850720e—-308 LREAL +2.22507385850720e—-308

® Special Numbers

Positive infinity, negative infinity, +0, —0, and nonnumeric data are called special numbers. Nonnu-
meric data is data that cannot be expressed in floating-point decimal format. They are not treated as
numbers. Mathematically, +0 and —0 both mean the same as 0, but in data processing it is treated
differently.

A detailed explanation is given later. The sign ‘s’, exponent ‘e’, and mantissa ‘f’ for special numbers
take on the following values.

Data type | Special number Sign s Exponent e | Mantissa f
REAL +o0 0 255 0

— 1 255 0

+0 0 0 0

-0 1 0 0

Nonnumeric data | --- 255 Not 0
LREAL oo 0 2047 0

—oo 1 2047 0

+0 0 0 0

-0 1 0 0

Nonnumeric data | --- 2047 Not 0

NJ-series Motion Control Instructions Reference Manual (W508) 1-15
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1 Introduction to Motion Control Instructions

® Subnormal Numbers

Numbers that are very close to 0 (with very small absolute values) cannot be expressed using the
floating-point decimal format. Subnormal numbers were introduced to expand the validity of num-
bers near 0. Subnormal numbers can be used to express numbers whose absolute values are
smaller than numbers expressed in the normal data format.

@ Additional Information

Values expressed in the normal data format are called normalized numbers or normal numbers.

Numbers with exponent e=0 and mantissa f # 0 are considered subnormal numbers and their values

are expressed in the following manner.

¢ REAL Data
Number = (—1)82-126(f x 2-23)

e LREAL Data
Number = (—1)82-1022(f x 2-52)

Example: Expressing 0.75 x 2-127 as REAL Data

1 Setting the Sign
The number is positive, so s = 0.

A QN

Binary Expression

Mantissa Calculation
From (0.11) x 2-127 = 2-126(f x 2-23) f = (0.11), x 222,

Mantissa Expression

The number 0.75 is 0.11 as a binary number.

From the previous equation, f = 01100000000000000000000.

Therefore, 0.75 x 2-127 is expressed as shown in the following figure.

REAL data (32 bits)

Sign Exponent Mantissa
0 [00000000(|01100000000000000000000
31 30 23 22 0

Subnormal numbers have fewer effective digits than normalized numbers. Therefore, if the calculation
of a normalized number results in an subnormal number, or if an intermediate result is an subnormal
number, the number of effective digits of the calculated result may be less than that of the normalized

number.
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® Data Processing

The floating-point decimal format is an approximate expression of a value, with a slight error from
the actual value. There is a limit to the valid range of the value. For these reasons, the following pro-
cess should be used for calculation.
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Rounding

If the actual value exceeds the effective digits of the mantissa, the value must be rounded according
to the following rules.

e Of the values that can be expressed in floating-point decimal format, the value that is closest to
the actual value is taken as the calculation result.

¢ |f there are two values that are equally close to the actual value that can be expressed in floating-
point decimal format, the value with the lowest significant O bit is taken as the calculation result.
When there are two values that are equally close to the actual value, the actual value is exactly in
the middle of the two values.

Overflows and Underflows

When the true absolute value exceeds the values that can be expressed by a floating-point data

type, it is called an overflow. On the other hand, if the value is smaller than the values that can be

expressed by a floating-point decimal data type, it is called an underflow.

¢ If the sign of the true value is positive, the processing result will be positive infinity when an over-
flow occurs. If the sign of the true value is negative, the processing result will be negative infinity
when an overflow occurs.

* If the sign of the true value is positive, the processing result will be +0 when an underflow occurs.
If the sign of the true value is negative, the processing result will be -0 when an overflow occurs.

SUOIIBO0T UONONJISU| [0J1UOD UOIOW

Calculating with Special Numbers

The following rules apply when calculating with special numbers. For details on special values, refer
to Special Numbers on page 1-15.

¢ Adding positive infinity and negative infinity results in nonnumeric data.

e Subtracting infinity from infinity with the same signs results in nonnumeric data.

e Multiplying +0 by infinity or —0 by infinity results in nonnumeric data.

¢ Dividing +0 by +0, —0 by —0, or infinity by infinity results in nonnumeric data.

e Adding +0 and -0 results in +0.

e Subtracting +0 from +0, or —0 from -0 results in +0.

¢ Basic arithmetic operations including nonnumeric data results in nonnumeric data.

e Comparison instructions such as the CMP instruction treat +0 and —0 as the same value.

e |f a nonnumeric number is included in a comparison, the comparison instruction always returns
"not equal."

El Precautions for Correct Use

Floating-point decimal (LREAL) variables are used to set electronic gears, target positions, and
other parameters of motion control instructions in the MC Function Module. For this reason, cal-
culation results contain rounding errors. For example, if the MC_MoveRelative (Relative Position-
ing) instruction is repeatedly executed, following error will accumulate. If the accumulated error
becomes a problem, set the command unit to pulses, or specify an absolute position with the
MC_MoveAbsolute (Absolute Positioning) instruction.
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Multi-execution of Motion Control Instructions

This section describes executing multiple motion control instructions for the same axis within the same

task period.

¢ In the following programming, instruction instances Move1 and Move2 start in the same task period
when bit a turns ON.

¢ Instructions in a program are executed from the top. Therefore Move1 is started first, and then Move2
is started before Move1 is finished.

e This is considered multi-execution of motion control instructions (BufferMode). In this example,
Blending is used to execute Move2 in relation to Move1.

Bit a
]

Move1
Axis 1 — Axis
Aborting —
Move2
Axis 1 —{ Axis
Blending —

For details on multi-execution of motion control instructions, refer to the NJ-series CPU Unit Motion
Control User’'s Manual (Cat. No. W507).

@ Additional Information

If the MC_SetOverride (Set Override Factors) instruction is executed simultaneously in the same
way as the instructions shown above, the override value is valid even when it is placed on the
bottom. When different override values are set with the MC_SetOverride (Set Override Factors)
instruction, the following type of programming is recommended.

A
H ———
50

MOVE

— rate

B
H ———
70

MOVE

— rate

C
H ———
Axis 1 —
rate —

MC_SetOverride

AXxis
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1 Introduction to Motion Control Instructions

Online Editing of Motion Control Instructions

You can perform the following online editing operations for motion control instructions from the Sysmac
Studio.
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Online editing operations

Deleting motion control instructions

Adding motion control instructions

Adding input variables, output variables, and in-out variables to motion control instructions

Changing input variables, output variables, and in-out variables in motion control instructions

Deleting input variables, output variables, and in-out variables in motion control instructions.

|E| Precautions for Correct Use

If instructions to stop the axis motion, such as MC_Stop or MC_GroupStop, are deleted while the
axis is still moving, the axis may not stop depending on the contents of the user program. Make
sure that it is safe to use the online editing before using it for motion control instructions.

Changes in the Operating Mode of the CPU Unit

An NJ-series CPU Unit has two operating modes: PROGRAM mode and RUN mode. This section
describes the operation of the MC Function Module when the operating mode changes.

SUOIONJISU| |041U0D UOHOW Jo Bulipg suluo

I Changes from RUN Mode to PROGRAM Mode

e The motion control instruction that is under execution will be aborted. The CommandAborted output
variable remains FALSE, but the operation is the same as when CommandAborted is TRUE.

¢ If the axis is moving, it will decelerate to a stop at the maximum deceleration. The Servo ON/OFF sta-
tus will continue.

¢ |f saving the cam table is in progress for the Cam Table Save instruction, the save operation contin-
ues.

¢ Motion control instructions located in a priority 16 periodic task perform the above process after the
END instruction in the task is executed.
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I Changes from PROGRAM Mode to RUN Mode

e The output variables of the motion control instructions are cleared.

* The axis decelerates to a stop when the mode changes from RUN mode to PROGRAM mode. If the
operating mode is changed back to RUN mode while the axis is decelerating, the output variables
from the motion control instruction are cleared. Therefore, CommandAborted of the motion control
instruction that was under execution remains FALSE.

@ Additional Information

e To enable accessing output variables for motion control instructions even after the operating
mode changes, assign variables that have output parameters with a Retain attribute. By
accessing the assigned output parameter, you can access the output variable immediately
before the operating mode changes.

e The Servo ON/OFF status will continue even if the mode is changed.
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Variables and Instructions
]

This section describes the variables and instructions for the Motion Control Function
Module.
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2 Variables and Instructions

2-1 Variables

There are two types of variables for the MC Function Module.

The first type is system-defined variables, which you use to monitor axis status and some of the param-
eter settings. System-defined variables that are used by the MC Function Module are called system-
defined variables for motion control.

The second type is variables that are used to input arguments to motion control instructions and to out-
put execution status from motion control instructions. Some input variables to motion control instruction
are enumerated variables. With enumerated variables, selections are made from a set of enumerators.
This section describes the variable types, the valid ranges of motion control instruction input variables,
and the enumerated variables.

® System-defined Variables for Motion Control

Level 1 Level 2 Level 3 Description
System-defined Device variables MC Common variable | You can monitor the overall status of the MC
variables Function Module.
Axis Variables You can monitor axis status and the settings of

part of the axis parameters.

Axes Group Variable | You can monitor axes group status and the set-
tings of part of the axes group parameters.

For details on system-defined variables for motion control, refer to the NJ-series CPU Unit Motion
Control User's Manual (Cat. No. W507).

® Variables for Motion Control Instructions

Type Outline
Input variables Instruction arguments
Output variables Instruction execution status monitor-
ing information
In-out variables Specify data to process with the
instruction

@ Additional Information

¢ Data types that start with “_e” are enumerations.
¢ Data types that start with “_s” are structures.

For details on the data types that are handled by the MC Function Module, refer to the NJ-series
CPU Unit Motion Control User's Manual (Cat. No. W507).
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MC Common Variables

2 Variables and Instructions

The variable name _MC COM is used for the MC Common Variables. The data type is
_sCOMMON_REF, which is a structure. This section describes the configuration of the MC common
variables and provides details on the members.

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.
CamTableBusy BOOL Cam Table Busy TRUE while the Cam Table is being saved
or on standby.
PFaultLvl _sMC_REF_EVENT MC Common Partial Fault
Active BOOL MC Common Partial Fault | TRUE while there is an MC common par-
Active tial fault.
Code WORD MC Common Partial Fault | Contains the code for an MC common par-
Code tial 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 Fault | TRUE while there is an MC common minor
Active fault.
Code WORD MC Common Minor Fault | Contains the code for an MC common
Code minor fault. The upper four digits of the
event code have the same value.
Obsr _SMC_REF_EVENT MC Common Observation
Active BOOL MC Common Observation | TRUE while there is an MC common
Active observation.
Code WORD MC Common Observation | Contains the code for an MC common
Code observation. The upper four digits of the
event code have the same value.

NJ-series Motion Control Instructions Reference Manual (W508)
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2 Variables and Instructions

AXxis Variables

The variable names of the system-defined axis Variables are _MC_AX]0..63]. The data type is
_SAXIS_REF, which is a structure. This section describes the configuration of the Axis Variables and
provides details on the members.

Name

Data type

Meaning

Function

_MC_AX[0..63]

_SAXIS_REF

Axis Variable

Status

_sAXIS_REF_STA

Axis Status

Ready

BOOL

Axis Ready-to-execute

TRUE when preparations for axis execution are
finished and the axis is stopped. This variable
gives the same status as _MC_AX[XX].Sta-
tus.Standstill (TRUE: stopped).

Disabled

BOOL

Axis Disabled

TRUE while the Servo is OFF for the axis. This
includes the following status.

The following axis status are mutually exclusive.
Only one of them can be TRUE at a time.

Disabled, Standstill, Discrete, Continuous, Syn-
chronized, Homing, Stopping, ErrorStop, and
Coordinated

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 because 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 and
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 contin-
uous motion.

Synchronized

BOOL

Synchronized Motion

TRUE during execution of synchronized control.
This includes waiting for synchronization after
changing to synchronized control instructions.

Homing

BOOL

Homing

TRUE when homing for the MC_Home instruc-
tion.

Stopping

BOOL

Deceleration Stopping

TRUE until the axis stops for a MC_Stop or
MC_TouchProbe instruction. This includes when
Execute is TRUE after the axis stops for an
MC_Stop instruction. Axis motion instructions
are not executed while decelerating to a stop.
(CommandAborted is TRUE.)

ErrorStop

BOOL

Error Deceleration Stop-
ping

This status exists when the axis is stopping or
stopped for execution of the MC_ImdediateStop
instruction or a minor fault (while
_MC_AX[XX].MFaultLvl.Active is TRUE (Axis
Minor Fault Active).

Axis motion instructions are not executed in this
state (CommandAborted = TRUE).

Coordinated

BOOL

Coordinated Motion

TRUE when an axes group is enabled by a multi-
axis coordinated control instruction.

2-4
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Name Data type Meaning Function
Details _sAXIS_REF_DET Axis Control Status™?
Idle BOOL Idle TRUE when processing is not currently per-
formed for the command value, except when
waiting for in-position state."2
Idle and InPosWaiting are mutually exclusive.
They cannot both be TRUE at the same time. N
InPosWaiting BOOL In-position Waiting TRUE when waiting for in-position state. The in- :
position check is performed when positioning for 2
the in-position check. %
©
Homed BOOL Home Defined TRUE when home is defined. @
TRUE: Home defined.
FALSE: Home not defined.
InHome BOOL In Home Position TRUE when the axis is in the range for home. It
gives an AND of the following conditions.
* Home defined >
* The actual current position is in the zero posi- 5
tion range with home as the center. s
TRUE also when the zero position is passed by 5
while the axis is moving in command status. g
(2}
VelLimit BOOL Command Velocity Limit | TRUE while the axis velocity is held to the maxi-
mum velocity during synchronized control.
Dir _SAXIS_REF_DIR Command Direction”3
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*4
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 enabled.
N_OT BOOL Negative Limit Input TRUE when the negative limit input is enabled.
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
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 warning.
ILA BOOL Drive Internal Limiting TRUE when the Servo Drive limiting function
actually limits the axis. This corresponds to one
of the following limits in the G5-series."®
Torque limit
Velocity limit
Drive prohibit input
Software limits
CSP BOOL Cyclic Synchronous TRUE when the Servo is ON at the Servo Drive
Position (CSP) Mode and the current mode is CSP Mode."”
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Name

Data type

Meaning

Function

Csv

BOOL

Cyclic Synchronous
Velocity (CSV) Mode

TRUE when the Servo is ON at the Servo Drive
and the current mode is CSV Mode.””

CST

BOOL

Cyclic Synchronous
Torque (CST) Mode

TRUE when the Servo is ON at the Servo Drive
and the current mode is CST Mode."”

Cmd

_SAXIS_REF_CMD_
DATA

Axis Command Value

Pos

LREAL

Command Current Posi-
tion

Contains the current value of the command posi-
tion. (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 command
velocity. (Unit: command units/s)

A plus sign is added when traveling in the posi-
tive direction, and a minus sign when traveling in
the negative direction. The velocity is calculated
from the difference with the command current
position. When the Servo is OFF and the mode
is not the position control mode, the velocity is
calculated based on the actual current position.

AccDec

LREAL

Command Current
Acceleration/Decelera-
tion

Contains the current value of the command
acceleration/deceleration rate. (Unit: command
units/s2)

The acceleration/deceleration rate is calculated
from the difference with the command current
velocity. A plus sign is added for acceleration,
and a minus sign is added for deceleration. Zero
when the command acceleration/deceleration
rate of the instruction under execution is 0.

Jerk

LREAL

Command Current Jerk

Contains the current value of the command jerk.
(Unit: command units/s3)

A plus sign is added when the absolute value of
acceleration/deceleration is increasing, and a
minus sign is added when it is decreasing. Zero
when the command acceleration/deceleration
rate and command jerk of the instruction under
execution is 0.

Trq

LREAL

Command Current
Torque

Contains the current value of the command
torque. (Unit: %)

A plus sign is added when traveling in the posi-
tive direction, and a minus sign when traveling in
the negative direction. Contains the same value
as the actual current torque except in torque
control mode.

Act

_SAXIS_REF_ACT_DATA

Axis Current Value

Pos

LREAL

Actual Current Position

Contains the actual current position. (Unit: com-
mand units)

Vel

LREAL

Actual Current Velocity

Contains the actual current velocity. (Unit: com-
mand units/s)

A plus sign is added when traveling in the posi-
tive direction, and a minus sign when traveling in
the negative direction.

Trq

LREAL

Actual Current Torque

Contains the current value of the actual torque.

(Unit: %)

A plus sign is added when traveling in the posi-

tive direction, and a minus sign when traveling in
the negative direction.

MFaultLvl

_SsMC_REF_EVENT

Axis Minor Fault

Active

BOOL

Axis Minor Fault Active

TRUE while there is an axis minor fault.

Code

WORD

Axis Minor Fault Code

Contains the code for an axis minor fault. The
upper four digits of the event code have the
same value.
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2 Variables and Instructions

Name Data type Meaning Function
Obsr _SMC_REF_EVENT Axis Observation
Active BOOL Axis Observation Active | TRUE while there is an axis observation.
Code WORD Axis Observation Code | Contains the code for an axis observation. The
upper four digits of the event code have the
same value.
Cfg _SAXIS_REF_CFG Axis Basic Settings™8
AxNo UINT Axis Number Contains the logical number of the axis.
This number is accessed to recognize the axis
number when accessing _sAXIS_REF.
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.
A value of 16#FFFF indicates that there is no
address.
Scale _SAXIS_REF_SCALE Unit Conversion Settings™®
Num UDINT Command Pulse Count | Contains the number of pulses per motor rota-
Per Motor Rotation tion for command positions.
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
Per Motor Rotation motor rotation for command positions.
Units _eMC_UNITS Display Unit 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)

"1
2

*3

*4

*5

*6

*7

*8
*9

Gives the control status of the command.

This also includes states where processing is performed while in motion at velocity 0, during following error counter
resets, during synchronized control, and during multi-axis coordinated motion.

Gives the command travel direction.
Gives the status of the Servo Drive.

This variable shows the status of the signal that is set for the Encoder Phase Z Detection setting of the digital inputs in the
Detailed Settings Area of the Axis Basic Settings Display of the Sysmac Studio. You may not be able to map this signal to
a PDO for a servo driver from another manufacturer. Refer to the manual for the servo driver.

This variable shows the status of bit 11(internal limit active) of the Status word (6041 hex) mapped to a PDO. The condi-
tion for it to change to TRUE depends on the specifications of the Servo Drive. Refer to the manual for the servo driver.

These variables are based on the value of the Modes of operation display (6061 hex) mapped to a PDO. The conditions
for CSR, CSV, and CST to change to TRUE depend on the specifications of the Servo Drive. Refer to the manual for the
servo driver. They are always FALSE if the Modes of operation display (6061 hex) is not mapped to a PDO.

This variable shows the settings in the Axis Basic Settings.
This variable shows the settings of the electronic gear ratio.
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2 Variables and Instructions

Axes Group Variables

The variable names of the system-defined Axes Group Variables are _MC_GRPJ0..31]. The data type
is _sGROUP_REF, which is a structure. This section describes the configuration of the Axes Group
Variables and provides details on the members.

Name

Data type

Meaning

Function

MC_GRI0..31]

_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 condi-
tions.

¢ Execution of the MC_Stop instruction is not
in progress for a composition axis.
_MC_GRP[XX].Status.Standby (Stopped) is
TRUE.

¢ The Servo is ON for the composition axes.

e _MC_AX[XX].Details.Homedis 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 a time.

Disabled, Standstill, Moving, Stopping, and
ErrorStop

StandStill

BOOL

Standstill

TRUE when the axes group motion instruction
is stopped.

This is not related to the Servo ON/OFF status
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 axis stops for
an MC_GroupStop instruction. Axes group
motion instructions are not executed while
decelerating to a stop. (CommandAborted is
TRUE.)

ErrorStop

BOOL

Error Deceleration Stop-
ping

TRUE while the axes group is stopping or
stopped for the MC_GrouplmmediateStop
instruction or for an axes group minor fault
(when _MC_GRP[XX].MFaultLvl.Active is
TRUE). Axes group motion instructions are not
executed in this state (CommandAborted =
TRUE).

Details

_sGROUP_REF_DET

Axes Group Control Status”

—_

Idle

BOOL

Idle

TRUE when processing is not currently per-
formed for the command value, except when
waiting for in-position state."2

Idle and InPosWaiting are mutually exclusive.
They cannot both be TRUE at the same time.

InPosWaiting

BOOL

In-position Waiting

TRUE when any of the composition axes are
waiting for in-position state. The in-position
check performed when positioning for the in-
position check.
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2 Variables and Instructions

Name Data type Meaning Function
Cmd _sGROUP_REF_CMD_D | Axes Group Command Values
ATA
Vel LREAL Command Interpolation Contains the current value of the command
Velocity interpolation velocity. The interpolation velocity
is calculated from the difference with the inter-
polation command current position. A plus sign
is added when traveling in the positive direc-
tion, and a minus sign is added when traveling
in the negative direction. The value is 0 when
the axes group is disabled.
AccDec LREAL Command Interpolation Contains the current value of the command
Acceleration/Deceleration | interpolation acceleration/deceleration. The
interpolation acceleration/deceleration rate is
calculated from the difference with the com-
mand 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 disabled, or when the com-
mand acceleration/deceleration rate of the cur-
rent axes group motion instruction is 0.
MFaultLvl _sMC_REF_EVENT Axes Group Minor Fault
Active BOOL Axes Group Minor Fault TRUE while there is an axes group minor fault.
Active
Code UINT Axes Group Minor Fault Contains the code for an axes group minor
Code fault. The upper four digits of the event code
have the same value.
Obsr _sMC_REF_EVENT Axes Group Observation
Active BOOL Axes Group Observation | TRUE while there is an axes group observa-
Active tion.
Code WORD Axes Group Observation | Contains the code for an axes group observa-
Code tion. The upper four digits of the event code
have the same value.
Cfg _sGROUP_REF_CFG Axes Group Basic Settings
GrpNo UINT Axes Group Number Contains the logical number of the axes group.
This number is accessed to recognize the axes
group number when accessing
_SsGROUP_REF.
GrpEnable _eMC_GROUP_USE Axes Group Use Shows if the axes group is enabled or disabled.
0: _mcNoneGroup (Undefined Axes Group)
1: _mcUnusedGroup (Unused Axes Group)
2: _mcUsedGroup (Used Axes Group)
Kinematics _SGROUP_REF_KIM Kinematics Transformation Settings™3
GrpType _eMC_GROUP_TYPE Axis Composition Gives the axis composition for multi-axes coor-
dinated control.
0: _mcXY (two axes)
1: _mcXYZ (three axes)
2: _mcXYZU (four axes)
Axis[0] UINT Composition Axis Selec- | Gives the axis number that is assigned to axis
tion (Axis A0) AO.
Axis[1] UINT Composition Axis Selec- | Gives the axis number that is assigned to axis
tion (Axis A1) Al.
Axis[2] UINT Composition Axis Selec- | Gives the axis number that is assigned to axis
tion (Axis A2) A2.
Axis[3] UINT Composition Axis Selec- | Gives the axis number that is assigned to axis
tion (Axis A3) A3.

"1

Gives the control status of the command.

*2 This also includes states where processing is performed while in motion at a velocity of 0.

*3 Gives the definition of the kinematic conversions for the axes group.
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2 Variables and Instructions

Input Variables for Motion Control Instructions

The following tables list the input variables and the valid ranges for motion control instructions, and the
valid ranges of enumerations.

I Input Variables

Name

Meaning

Data type

Valid range

Default

Description

Execute

Execute

BOOL

TRUE or FALSE

FALSE

The instruction is executed
when Execute changes to
TRUE. Other input variables
are also input when Exe-
cute changes to TRUE. If
input values are changed,
they will be updated when
Execute changes to TRUE
again. The output variables
are valid as long as Execute
remains TRUE even after
the instruction is completed.
Then, all output variables
except for Errorand ErrorlD
are disabled when Execute
changes to FALSE. If Exe-
cute changes to FALSE
before the instruction is
completed, output vari-
ables are valid for at least
one period.

Enable

Enable

BOOL

TRUE or FALSE

FALSE

The instruction function is
enabled when Enable
changes to TRUE and dis-
abled when it changes to
FALSE. While Enable is
TRUE, the other input vari-
ables are input every
period. If Enable changes to
FALSE, all output variables
except for Errorand ErrorlD
are disabled.

Positive Enable

Positive
Direction
Enable

BOOL

TRUE or FALSE

FALSE

* MC_MovedJog Instruction
When this variable
changes to TRUE, the
axis starts moving in the
positive direction. When it
changes to FALSE, the
axis stops moving. The
Velocity, Acceleration,
and Deceleration input
variables to the
MC_MovedJog instruction
are read when Posi-
tiveEnable changes to
TRUE.

* MC_SetTorqueLimit
Instruction
When this variable
changes to TRUE, the
positive torque limit is
enabled. When it changes
to FALSE, the positive
torque limit is disabled.
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2 Variables and Instructions

Name Meaning Data type Valid range Default Description
Negative Enable | Negative BOOL TRUE or FALSE FALSE | e MC_Movedog Instruction
Direction When this variable
Enable changes to TRUE, the

axis starts moving in the
negative direction. When
it changes to FALSE, the
axis stops moving. The
Velocity, Acceleration,
and Deceleration input
variables to the
MC_Movedog instruction
are read when Nega-
tiveEnable changes to
TRUE.
MC_SetTorqueLimit
Instruction

When this variable
changes to TRUE, the
negative torque limit is
enabled. When it changes
to FALSE, the negative
torque limit is disabled.

Sa|qeleA |-¢

=3
e]
=1
5
=
o
[0}
BufferMode Buffer Mode | _eMC_BUFFER_MOD | 0: _mcAborting 01 Specifies the operation ‘g.,
Selection E 1: _mcBuffered when executing more than %
2: _mcBlendingLow one motion instruction. 5}
3: _mcBlendingPrevious 0:  Aborting g
4: _mcBlendingNext 1:  Buffered e}
5: _mcBlendingHigh 2: Blend with low =
3:  Blend with previous 2
4: Blend with next 3
5: Blend with high g
Velocity Target LREAL Positive number*2 0 Specifies the target veloc- §'
Velocity ity."3 ®
Acceleration Acceleration | LREAL Non-negative number 0 Specifies the acceleration
Rate rate."4
Deceleration Deceleration | LREAL Non-negative number 0 Specifies the deceleration
Rate rate."4
Jerk Jerk LREAL Non-negative number 0 Specifies the jerk."5
Distance Travel LREAL Negative number, positive number, | 0 Specifies the travel distance
Distance or0 from the command current
position.
ARRAY [0..3] OF Negative number, positive number, |0 Specifies the target posi-
LREAL or0 tion for linear interpola-
tion.”®
Position Target LREAL Negative number, positive number, |0 Specifies the absolute tar-
Position or0 get position_*6
ARRAY [0..3] OF Negative number, positive number, |0 Specifies the target posi-
LREAL or0 tion for linear interpola-
tion.”®
VelFactor Velocity LREAL 0 to 500 100 Specifies the velocity over-
Override ride factor.
Factor The valid range of the over-

ride factors is between
0.01and 500.00.

Values above 500.00 are
treated as 500 and values
less then 0.01 (including
negative values) are treated
as 0.01.

The override factor will be 0
only when 0 is specified.
The unit is %.

NJ-series Motion Control Instructions Reference Manual (W508) 2-11



2 Variables and Instructions

Name Meaning Data type Valid range Default Description

AccFactor Acceleration/ | LREAL 0 to 500 100 (Reserved)

(Reserved) Deceleration
Override
Factor

JerkFactor Jerk LREAL 0 to 500 100 (Reserved)

(Reserved) Override
Factor

ReferenceType™? | PositionType | _eMC_REFERENCE_ | 0: _mcCommand 01 Specifies the master axis
Selection TYPE 1: _mcFeedback input information.

2: _mcLatestCommand 0: Command position
(value calculated in the
previous primary period)

1: Actual position (value
obtained in the same pri-
mary period)

2: Command position
(value calculated in the
same primary period)

FeedDistance Feed Dis- LREAL Negative number, positive number, | 0 Specifies the travel distance
tance or0 after the interrupt feed

input.

FeedVelocity Feed Velocity | LREAL Positive number 0 Specifies the travel target
velocity after the interrupt
feed input.

ErrorDetect Error Detec- | BOOL TRUE or FALSE FALSE Specifies whether to detect
tion Selec- an error when there is no
tion interrupt feed input.

TRUE: Detect errors.
FALSE: Do not detect
errors.

ExecutionMode Execution BOOL TRUE or FALSE FALSE Specifies whether to exe-
Mode cute the specified cam table

periodically or only once.
TRUE: Periodic
FALSE: Non-periodic

StartMode Start Mode _eMC_STARTMODE 0: _mcAbsolutePosition 01 Specifies the coordinates

1: _mcRelativePosition used by MasterStartDis-

tance (master following dis-
tance).

0: Absolute position

1: Relative position

StartPosition Cam Table LREAL Negative number, positive number, | 0 Specifies the starting point
Start Position or0 of the cam table (0 phase)

as an absolute position of
the master axis.

MasterStartDis- | Master LREAL Negative number, positive number, | 0 Specifies the position of the

tance Following or0 master axis when the fol-
Distance lowing axis starts the cam

motion. If you specify abso-
lute positioning for Start-
Mode, specify the absolute
position of the master axis.
If you specify relative posi-
tioning for StartMode, spec-
ify the relative position of
the master axis from Start-
Position (Cam Table Start
Position).

MasterScaling Master LREAL Positive value (>0.0) 1.0 The master axis phase is
Coefficient extended or contracted

using the specified scale.
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Variables and Instructions

Name Meaning Data type Valid range Default Description
SlaveScaling Slave Axis LREAL Positive value (>0.0) 1.0 The slave axis displace-
Coefficient ment is extended or con-
tracted using the specified
scale.
MasterOffset Master LREAL Negative number, positive number, |0 The phase of the master
Offset or0 axis is shifted using the
specified offset value.
SlaveOffset Slave Offset | LREAL Negative number, positive number, | 0 The displacement of the
or0 slave axis is shifted using
the specified offset value.
CamTransition Cam Transi- | _eMC_CAM_ 0: _mcCTNone 01 (Reserved)
(Reserved) tion Selec- TRANSITION
tion
OutMode Sync End _eMC_OUT_MODE 0: _mcStop o1 (Reserved)
(Reserved) Mode Selec-
tion
Direction Direction _eMC_DIRECTION 0: _mcPositiveDirection 4/0"1 Specifies the travel direc-
1: _mcShortestWay tion.
2: _mcNegativeDirection 0: Positive direction
3 _mcCurrgntE)_lrectlon 1: Shortest way
4: _mcNoDirection 2: Negative direction
3: Current direction
4: No direction specified
Continuous(Res | Continuation | BOOL TRUE or FALSE --- (Reserved)
erved) Mode Selec-
tion
RatioNumerator | Gear Ratio UINT Positive number 10,000 Specifies the electronic
Numerator gear ratio numerator
between the master and
slave axes.
Ratio Gear Ratio UINT Positive number 10,000 Specifies the electronic
Denominator Denominator gear ratio denominator
between the master and
slave axes.
MasterSync Master Sync | LREAL Negative number, positive number, |0 Specifies the absolute mas-
Position Position or0 ter sync position.
SlaveSyncPosi- Slave Sync LREAL Negative number, positive number, |0 Specifies the absolute slave
tion Position or0 sync position.
SlaveDistance Slave Axis LREAL Negative number, positive number, |0 Specifies the travel distance
Travel or0 for the slave axis.
Distance
MasterDistance | Master LREAL Non-negative number 0 Specifies the travel distance
Distance of the master axis.
MasterDistance- | Master LREAL Non-negative number 0 Specifies the travel distance
InACC Distance in of the master axis while the
Acceleration slave axis is accelerating.
MasterDistance- | Master LREAL Non-negative number 0 Specifies the travel distance
InDEC Distance in of the master axis while the
Deceleration slave axis is decelerating.
LinkOption Synchroniza- | _eMC_LINKOPTION 0: _mcCommandExecution 01 Specifies the condition for
tion Start 1: _mcTriggerDetection the slave axis to synchro-
Condition 2: _mcMasterReach nize with the master axis.
0: When instruction execu-
tion starts
1: When trigger is detected
2: When the master axis
reaches the master fol-
lowing distance.
CombineMode Combine _eMC_COMBINE_MO | 0: _mcAddAxes 01 Specifies the combining
Mode DE 1: _mcSubAxes method.

0: Addition
1: Subtraction

NJ-series Motion Control Instructions Reference Manual (W508)
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2 Variables and Instructions

Name Meaning Data type Valid range Default Description
Ratio Master Axis | UINT Positive number 10000 Specifies the electronic
Numerator Gear Ratio gear ratio numerator
Master Numerator between the master and
(Reserved) slave axes.
Ratio Master Axis | UINT Positive number 10000 Specifies the denominator
Denominator Gear Ratio of the electronic gear ratio
Master Denominator between the master and
(Reserved) slave axes.
Ratio Auxiliary Axis | UINT Positive number 10000 Specifies the numerator of
Numerator Gear Ratio the electronic gear ratio
Auxiliary Numerator between the auxiliary and
(Reserved) slave axes.
Ratio Auxiliary Axis | UINT Positive number 10000 Specifies the denominator
Denominator Gear Ratio of the electronic gear ratio
Auxiliary Denominator between the auxiliary and
(Reserved) slave axes.
ReferenceType Master Axis | _eMC_ 1: _mcFeedback 2*1 Specifies the position type
Master Position Type | REFERENCE_TYPE 2: mcLatestCommand of the master axis.

1: Actual position (value
obtained in the same pri-
mary period)

2: Command position
(value calculated in the
same primary period)

ReferenceType Auxiliary Axis | _eMC_ 1: _mcFeedback 2*1 Specifies the position type
Auxiliary Position Type | REFERENCE_TYPE 2. mclLatestCommand of the auxiliary axis.

1: Actual position (value
obtained in the same pri-
mary period)

2: Command position
(value calculated in the
same primary period)

PhaseShift Phase Shift LREAL Negative number, positive number, | 0 Specifies the master phase
Amount or0 shift amount."6
Torque Target LREAL 0 to 1000.0 300.0 Specify the target torque to
Torque output to the Servo Drive in
increments of 0.1%. The
target torque is specified as
a percentage of the rated
torque. The unit is %.
TorqueRamp Torque LREAL Non-negative number 0 Specifies the rate of change
Ramp in the torque from the cur-
rent value to the target
torque. The unit is %/s.
PositiveValue Positive LREAL 0.1 t0 1000.0 or 0.0 300.0 Specifies the torque limit in
Torque Limit the positive direction in

increments of 0.1%.

If a value that exceeds the
Maximum Positive Torque
Limit axis parameter, the
positive torque will be the
Maximum Positive Torque
Limit.

The value willbe 0 if 0 or a
negative value is specified.
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2 Variables and Instructions

Name Meaning Data type Valid range Default Description
NegativeValue Negative LREAL 0.1 to 1000.0 or 0.0 300.0 Specifies the torque limit in
Torque Limit the negative direction in

increments of 0.1%.

If a value that exceeds the

Maximum Negative Torque

Limit axis parameter, the

negative torque will be the

Maximum Negative Torque

Limit.

The value willbe 0 if 0 or a

negative value is specified.

WindowOnly Window Only | BOOL TRUE or FALSE FALSE Specify whether to enable
or disable the window
mask.
FirstPosition First Position | LREAL Negative number, positive number, |0 Specify the first position.
or0
LastPosition Last Position | LREAL Negative number, positive number, |0 Specify the last position.
or0
StopMode Stop Mode _eMC_STOP_MODE 1: _mclmmediateStop 41 Specifies the stopping
2: _mclmmediateStopFEReset method.
3: _mcFreeRunStop 1: Perform an immediate
4: _mcNonStop stop.

2: Perform an immediate
stop and reset the fol-
lowing error counter

3: Perform an immediate
stop and turn OFF the
Servo

4: Do not stop.

Relative Relative BOOL TRUE or FALSE - (Reserved)
(Reserved) Position
Selection
Execution Execution _eMC_EXECUTION_ | 0: _mcimmediately 01 (Reserved)
Mode (Reserved) | Mode MODE
Permitted Permitted LREAL Non-negative number 0 Specifies the permitted
Deviation Following maximum value for the fol-
Error lowing error between the
master and slave axes.
CmdPos Command _eMC_CMDPOS_ 0: _mcCount 0" 0: Use the actual current
Mode Current MODE position and update the
Position command current posi-
Count tion.
Selection Home remains defined.
CoordSystem Coordinate _eMC_COORD_SYST | 0: _mcACS 01 Specifies the coordinate
System EM system.

0: Axis coordinate system

(ACS)
TransitionMode Transition _eMC_TRANSITION_ | 0: _mcTMNone 01 Specifies the path of
Mode MODE 10: _mcTMCornerSuperimposed motion.
0: Transition disabled
10:Superimpose corners
MoveMode Travel Mode | _eMC_MOVE_MODE | 0: _mcAbsolute 01 Selects the travel method.
1: _mcRelative 0: Absolute positioning
1: Relative positioning
CircAxes Circular Axes | ARRAY [0,1]OF UINT |0to3 0 Specifies the axes for circu-

lar interpolation.

0: Axis AO
1: Axis A1
2: Axis A2
3: Axis A3
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2 Variables and Instructions

Name Meaning Data type Valid range Default Description
CircMode Circular _eMC_CIRC_MODE 0: _mcBorder 01 Specifies the method for cir-
Interpolation 1: _mcCenter cular interpolation.
Mode 2: _mcRadius 0: Border point
1: Center
2: Radius
AuxPoint Auxiliary ARRAY [0,1] OF Negative number, positive number, | 0 Specifies the border point,
Point LREAL or0 center, or radius.
EndPoint End Point ARRAY [0,1] OF Negative number, positive number, | 0 Specifies the target posi-
LREAL or0 tion.
PathChoice Path Choice | _eMC_CIRC_PATHCH | 0: _mcCW 01 Specifies the path direction.
OICE 1: _mcCCW 0: CW
1: CCW
Parameter Num- | Parameter _eMC_PARAMETER_ | 0: _mcChkVel 01 Specifies the parameter to
ber Number NUMBER 1: _mcChkAcc write.
2: _mcChk_Dec 0: Velocity Warning Value
3: _mcPosiChkTrg 1: Acceleration Warning
4: _mcNegaChkTrq Value
5: _mcFELmt 2: Deceleration Warning
6: _mcChkFELmt Value
7: _mcSwLmtMode 3: Positive Torque Warning
8: _mcPosiSwLmt Value
9: _mcNegaSwLmt 4: Negative Torque Warn-
10: _mclInPosTime ing Value
5: Following Error Over
Limit Value
6: Following Error Warning
Value

Software Limits
Positive Software Limit

. Negative Software Limit
0:In-position Check Time

S ©®N

*1  The default value for an enumeration variable is actually not the number, but the enumerator.

*2 You can use instructions, such as the MC_MoveJog or MC_MoveVelocity instruction, to set the velocity to 0.
*3 The command unit is millimeters, micrometers, nanometers, degrees, inches, or pulses.

*4  The unit is command units/s2.

*5 The unit is command units/s3.

*6 This unit is command units.

*7 When you use _mcLatestCommand, the axis number set for the master axis in the system-defined variable for
motion control must be lower than the axis number set for the slave axis in the system-defined variable for
motion control .
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I Valid Range of Input Variables

2 Variables and Instructions

This section gives the valid ranges of input variables to motion control instructions. Refer to individual
instruction descriptions for the valid ranges for each instruction.

® BOOL Input Variables

Any value other than FALSE is treated as TRUE. For this reason, out-of-range errors do not occur.

® Enumerated (ENUM) Input Variables

Values that are outside of the valid range will result in an error.

@ Input Variables Given as Full Range, Positive Number, or Negative Number

Operation when an input variable is set inside or outside the valid range is described in the following

table.
Outside the maximum Outside the minimum Outside the maximum
value range value range (excluding 0) value range
- 0 +
. . Outside the maximum Outside the minimum
Name Meaning Valid range .
value range value range (excluding 0)
Velocity Velocity 0, (-1 <and < -Maximum Set to the maximum Set to 1 pulse/s when posi-

velocity), or (1 < and < Maxi-
mum velocity) "1

velocity for a positive num-
ber, and to the -maxi-
mum velocity for a
negative humber."2

tive number, and —1
pulse/s when negative

number."2

Acceleration

Acceleration Rate

0 or (0.004 < and < Maximum
acceleration)™3

Set to the maximum
acceleration.

If the acceleration time"4
is less than 125 ps, it will
always be 125 ps.

Set to 0.004 pulses/s?2
when positive number. If
the acceleration time™4 is
greater than 250 s, it will
always be 250 s.

Error when negative num-
ber.

Deceleration

Deceleration Rate

0 or (0.004 < and < Maximum
deceleration)

Set to the maximum
deceleration.

If the deceleration time™4
is less than 125 ps, it will
always be 125 ps.

Set to 0.004 pulses/s2
when positive number. If
the deceleration time*4 is
greater than 250 s, it will
always be 250 s.

Error when negative num-
ber.

Jerk Jerk 0 or (0.000016 < and Set to Set to 0.000016 pulses/s3.
25,600,000,000,000,000 25,600,000,000,000,000 | If the acceleration jerk
pulses/s3) pulses/s3. If the accelera- | application time™6 or the

tion jerk application time™® | deceleration jerk applica-

or the deceleration jerk tion time*6 is greater than

application time6 is less | 250 s, it will always be

than 125 ps, it will always | 250 s.

be 125 ps. Error when negative num-
ber.

Distance Travel Distance (0OxFFFFFF0000000001) < Error Values outside of the mini-
and < mum value range do not
(0x000000FFFFFFFFFF) occur.

Position Command Position (OxFFFFFF8000000000) < Error Values outside of the mini-
and < mum value range do not
(0x0000007FFFFFFFFF+ 1)"7 occur.

VelFactor Velocity Override Factor | 0 or 0.01 < and < 500.00°8 Set to 500.00% if higher Set t0 0.01% if less than

than 500.00%.

0.01%.
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2 Variables and Instructions

Name

Meaning

Valid range

Outside the maximum
value range

Outside the minimum
value range (excluding 0)

Velocity

Interpolation Velocity

0.000 000 000 000 01 <and <
Maximum interpolation veloc-
ity™®

Set to the maximum inter-
polation velocity.

Set to 0.000 000 000 1
pulses/s.

Acceleration

Interpolation Accelera-
tion

0 or (0.000 000 000 000 4 <
and < Maximum interpolation
acceleration)*10

Set to the maximum inter-
polation acceleration. If
the interpolation accelera-
tion time"11 is less than
125 ps, it will always be
125 us.

Set to 0.000 000 000 000 4
pulses/s2 when positive
number. If the interpolation
acceleration time"11 is
greater than 250 s, it will
always be 250 s.

Error when negative num-
ber.

Deceleration

Interpolation Decelera-
tion

0 or (0.000 000 000 000 000
04 < and < Maximum interpo-
lation deceleration)™12

Set to the maximum inter-
polation deceleration. If
the interpolation decelera-
tion time™11 is less than
125 us, it will always be
125 ps.

Set to 0.000 000 000 000 4
pulses/s2 when positive
number. If the interpolation
deceleration time*11 is
greater than 250 s, it will
always be 250 s.

Error when negative num-
ber.

Jerk

Interpolation Jerk

0 or (0.000 000 000 000 001 6
<and <
51,200,000,000,000,000

pulses/s3)

Set to
51,200,000,000,000,000
pulses/s3. If the interpola-
tion acceleration jerk
application time”13 or the
interpolation deceleration
jerk application time*13 is
less than 125 ps, it will
always be 125 ps.

Set to 0.000 000 000