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Introduction

Introduction

Thank you for purchasing an NY-series IPC Machine Controller Industrial Panel PC / Industrial Box PC.
This manual provides a collective term of Industrial Panel PC and Industrial Box PC which are applica-
ble products as the NY-series Industrial PC. This manual also provides the range of devices that are
directly controlled by the Controller functions embedded the Real-Time OS in the NY-series Industrial
PC as the Controller.

This manual contains information that is necessary to use the Motion Control Function Module of an
NY-series Controller. Please read this manual and make sure you understand the functionality and per-
formance of the NY-series Controller before you attempt to use it in a control system.

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

Intended Audience

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

* Personnel in charge of introducing FA systems.

* Personnel in charge of designing FA systems.

* Personnel in charge of installing and maintaining FA systems.
* Personnel in charge of managing FA systems and facilities.

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

Applicable Products

This manual covers the following products.

NY-series IPC Machine Controller Industrial Panel PC
e NY532-15001
« NY532-14001
e NY532-13011
* NY532-5400

NY-series IPC Machine Controller Industrial Box PC
* NY512-1500
* NY512-1400
* NY512-13001

Part of the specifications and restrictions for the Industrial PC are given in other manuals. Refer to Rel-
evant Manuals on page 2 and Related Manuals on page 22.
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Relevant Manuals

Relevant Manuals

The following provides the relevant manuals for NY-series Controller.

Read all of the manuals that are relevant to your system configuration and application before you use
NY-series Controller.

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.
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*1

*2

Relevant Manuals

Refer to the NY-series Industrial Panel PC / Industrial Box PC Setup User’'s Manual (Cat. No. W568) for how to set up and
how to use the utilities on Windows.

Refer to the NY-series Troubleshooting Manual (Cat. No. W564) for the error management concepts and an overview of
the error items.
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Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

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

Gives the current

4 Installation and Wiring

Level 3 headlng —_ 4-3-1 Connecting Controller Components headings.
The Units that make up an NJ-series Controller can be connected simply by pressing the Units together
and locking the sliders by moving them toward the back of the Units. The End Cover is connected in the
same way to the Unit on the far right side of the Controller.

A Step ina procedure ———————————— T Join the Units so that the connectors fit exactly.

Hook

Hook holes
v

Indicates a procedure.

syun Bugunow ¢y

— Page tab

Gives the number
of the main section.

T

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

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

SIUBLOAWOD JalI0AU0D BUKIBUUOD |-E-h

1 i 1 | for Correct Use
Special information ]
The sliders on the tops and bottoms of the Power Supply Unit, CPU Unit, I/O Units, Special /O
H H Units, and CPU Bus Units must be completely locked (until they click into place) after connecting
Icons mdlcate the adjacent Unit connectors.

precautions, additional
information, or reference
information.

&b e
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Manual name

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

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

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

|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.

Precaution on Terminology

In this manual, “download” refers to transferring data from the Sysmac Studio to the NY-series Control-
ler and “upload” refers to transferring data from the NY-series Controller to the Sysmac Studio.

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

Sections in this Manual
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oo ~Jofofafofnl -
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

® Exclusive Warranty

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

® Limitations

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

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

® Buyer Remedy

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

See http://www.omron.com/global/ or contact your Omron representative for published information.

I Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY
WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN CONTRACT,
WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

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

Application Considerations

| suitability of Use

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

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

I Programmable Products

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

Disclaimers

I Performance Data

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

I Change in Specifications

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

I Errors and Omissions

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

Safety Precautions

Refer to the following manuals for safety precautions.

* NY-series Industrial Box PC Hardware User’'s Manual (Cat. No. W556)

* NY-series Industrial Panel PC Hardware User's Manual (Cat. No. W557)

* NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
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Precautions for Safe Use

Precautions for Safe Use

Refer to the following manuals for precautions for safe use.

* NY-series Industrial Box PC Hardware User’s Manual (Cat. No. W556)

* NY-series Industrial Panel PC Hardware User's Manual (Cat. No. W557)

* NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
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Precautions for Correct Use

Precautions for Correct Use

Refer to the following manuals for precautions for correct use.

* NY-series Industrial Box PC Hardware User’'s Manual (Cat. No. W556)

* NY-series Industrial Panel PC Hardware User's Manual (Cat. No. W557)

* NY-series Industrial Panel PC / Industrial Box PC Software User’'s Manual (Cat. No. W558)
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Regulations and Standards

Refer to the following manuals for Regulations and Standards.

Regulations and Standards

* NY-series Industrial Box PC Hardware User’s Manual (Cat. No. W556)
* NY-series Industrial Panel PC Hardware User's Manual (Cat. No. W557)
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Versions

Versions

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

ware revisions or unit versions.

Checking Versions

You can check versions on the ID information indications or with the Sysmac Studio.

I Checking Unit Versions on ID Information Indications

The unit version is given on the ID information indication on the back side of the product.
The ID information on an NY-series NY502-C10J0J] Controller is shown below.

ID information indication

Unit version

I Checking Unit Versions with the Sysmac Studio

You can use the Sysmac Studio to check unit versions. The procedure is different for Units and for Eth-
erCAT slaves.

® Checking the Unit Version of an NY-series Controller

You can use the Production Information while the Sysmac Studio is online to check the unit version
of a Unit. You can only do this for the Controller.
» Right-click CPU Rack under Configurations and Setup — CPU/Expansion Racks in the Multiv-
iew Explorer and select Production Information.
The Production Information Dialog Box is displayed.
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Versions

® Changing Information Displayed in Production Information Dialog Box

Click the Show Detail or Show Outline Button at the lower right of the Production Information Dia-
log Box.
The view will change between the production information details and outline.

Production Information Production Information
Model Information
NY512-1500-131513F10 Ver.1.12
LOT No. : 14116
Hardware revision : -
Version : SYSTEM SYSTEM 1.12.00 59215 OMRON Corporation
BOOT BIOS AQ27R006
BOOT Hypervisor R4.3.01.18115
BOOT BSP 20160325
BMC BMC  0000.0028
Runtime Runtime

Model Information Serial No. |

Output file Show Detail

Close

Output file Show Outline

Close

Outline View Detail View

The information that is displayed is different for the Outline View and Detail View. The Detail View
displays the unit version, hardware revision, and other versions. The Outline View displays only the
unit version.

® Checking the Unit Version of an EtherCAT Slave
You can use the Production Information while the Sysmac Studio is online to check the unit version

of an EtherCAT slave. Use the following procedure to check the unit version.

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 Tab Page is displayed.

2 Right-click the master on the EtherCAT Tab Page and select Display Production Information.

The Production Information Dialog Box is displayed.
The unit version is displayed after “Rev.”

® Changing Information Displayed in Production Information Dialog Box

Click the Show Detail or Show Outline Button at the lower right of the Production Information Dia-
log Box.

The view will change between the production information details and outline.

Production Information Production Information
Type information | Serial number |
Nodell NX-ECC201 Rev:1.2 (OMRON Corporation) 0xBOO02AD4
Hardware Version : ¥1.00
Software Version : V1.02
NodeS E3X-ECT Rev:1.0 (OMRON Corporation) 0xB0O0D00009
Hardware Version : ¥1.00
Software Version : V1.00

Type information | Serial number |
Nodell NX-ECC201 Rev:1.2 (OMRON Corporation) 0xBOO02AD4
NodeS E3X-ECT Rev:1.0 (OMRON Corporation) 0xBO0D0O0009

Output file Show Detail
2 Output file Show Outline

Close

Outline View Detail View
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Related Manuals

Related Manuals

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

Manual name Cat. No. | Model numbers Application Description
NY-series W557 NY532-0000 Learning the basic An introduction to the entire NY-series sys-
IPC Machine Controller specifications of the | tem is provided along with the following infor-
Industrial Panel PC Hardware NY-series Industrial mation on the Industrial Panel PC.
User's Manual Panel PCs, including | . Features and system configuration
introductory informa- .
) T * Introduction
tion, designing, instal- .
lation, and + Part names and functions
maintenance. » General specifications
Mainly hardware * Installation and wiring
information is pro- * Maintenance and inspection
vided.
NY-series W556 NY512-0000 Learning the basic An introduction to the entire NY-series sys-
IPC Machine Controller specifications of the tem is provided along with the following infor-
Industrial Box PC Hardware NY-series Industrial mation on the Industrial Box PC.
User's Manual _BOX PCs, incfluding « Features and system configuration
introductory informa- .
) I * Introduction
tion, designing, instal- .
lation, and + Part names and functions
maintenance. » General specifications
Mainly hardware * Installation and wiring
information is pro- * Maintenance and inspection
vided.
NY-series W568 NY532-0000 Learning about initial | The following information is provided on an
IPC Machine Controller NY512-0000 setting of the NY- introduction to the entire NY-series system.
Industr?al Panel PC / series Industrial PCs | . 10 OS systems
Industrial Box PC Setup and how to prepare . Initial settinas
User’s Manual the Controller. 9
* Industrial PC Support Utility
» NYCompolet
* Industrial PC API
» Backup and recovery
NY-series W558 NY532-0000 Learning how to pro- | The following information is provided on the
IPC Machine Controller NY512-0000 gram and set up the | NY-series Controller functions.
Industrial Panel PC / Controller functions « Controller operation
Industrial Box PC Software of an NY-series . Controller features
User’'s Manual Industrial PC. i
+ Controller settings
» Programming based on IEC 61131-3 lan-
guage specifications
NY-series W560 NY532-0000 Learning detailed The instructions in the instruction set (IEC
Instructions Reference NY512-0000 specifications on the | 61131-3 specifications) are described.
Manual basic instructions of
the NY-series Indus-
trial PC.
NY-series W559 NY532-0000 Learning about The settings and operation of the Controller
IPC Machine Controller NY512-000000 motion control set- and programming concepts for motion control
Industrial Panel PC / tings and program- are described.
Industrial Box PC Motion ming concepts of an
Control NY-series Industrial
User’s Manual PC.
NY-series W561 NY532-0000 Learning about the The motion control instructions are
Motion Control Instructions NY512-00000 specifications of the described.

Reference Manual

motion control
instructions of an NY-
series Industrial PC.
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Related Manuals

Manual name Cat. No. | Model numbers Application Description
NY-series W562 NY532-0000 Using the built-in Eth- | Information on the built-in EtherCAT port is
IPC Machine Controller NY512-0000 erCAT port in an NY- | provided.
Industr!al Panel PC /. . series Industrial PC. | This manual provides an introduction and
Industrial Box PC ?U'It"” Eth- provides information on the configuration,
erCAT® Port User's Manual features, and setup.
NY-series W563 NY532-0000 Using the built-in Eth- | Information on the built-in EtherNet/IP port is
IPC Machine Controller NY512-0000 erNet/IP port in an provided.
Industr!al Panel PC /. . NY-series Industrial Information is provided on the basic setup,
Industrial Box PC Built-in PC. tag data links, and other features.
EtherNet/IP™ Port
User’'s Manual
NJ/NY-series NC Integrated 0030 NJ501-5300 Performing numeri- Describes the functionality to perform the
Controller User's Manual NY532-5400 cal control with numerical control.
NJ/NY-series Control-
lers.
NJ/NY-series 0031 NJ501-5300 Learning about the The G code/M code instructions are
G code Instructions Refer- NY532-5400 specifications of the described.
ence Manual G code/M code
instructions.
NY-series W564 NY532-0000 Learning about the Concepts on managing errors that may be
Troubleshooting Manual NY512-0000 errors that may be detected in an NY-series Controller and infor-
detected in an NY- mation on individual errors are described.
series Industrial PC.
Sysmac Studio Version 1 W504 SYSMAC Learning about the Describes the operating procedures of the
Operation Manual -SE2000 operating proce- Sysmac Studio.
dures and functions
of the Sysmac Studio.
CNC Operator 0032 SYSMAC Learning an introduc- | An introduction of the CNC Operator, installa-
Operation Manual -RTNCOOIOIOD tion of the CNC Oper- | tion procedures, basic operations, connection
ator and how to use operations, and operating procedures for
it. main functions are described.
NX-series W519 NX-ECCOOO Learning how to use | The following items are described: the overall
EtherCAT® Coupler Unit an NX-series Ether- system and configuration methods of an Eth-
User’s Manual CAT Coupler Unitand | erCAT Slave Terminal (which consists of an
EtherCAT Slave Ter- | NX-series EtherCAT Coupler Unit and NX
minals. Units), and information on hardware, setup,
and functions to set up, control, and monitor
NX Units through EtherCAT.
NX-series NX Units User’s W521 NX-IDOOOO Learning how to use | Describe the hardware, setup methods, and
Manuals NX-IAOOODO NX Units. functions of the NX Units.
NX-OCOOOOO Manuals are available for the following Units.
NX-0DOO0O0O Digital I/0 Units, Analog I/0 Units, System
Units, and Position Interface Units.
W522 NX-ADCOOO
NX-DAOOOO
NX-TSOOOO
W523 NX-PD10O00OO
NX-PFOCIOO
NX-PCoOOO
NX-TBXOO
W524 NX-EC0O0OO
NX-ECSOOO
NX-PGoOIOO
NX-series Data Reference W525 NX-OOOOO0O Referring to the list of | Provides the list of data required for system

Manual

data required for NX-
series unit system
configuration.

configuration including the power consump-
tion and weight of each NX-series Unit.

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)

23



Related Manuals

Manual name Cat. No. | Model numbers Application Description
GX-series EtherCAT Slave W488 GX-IbOOOO Learning how to use | Describes the hardware, setup methods, and
Units User’s Manual GX-oD0000 :78 tEthe.rC,lb\T remote fur;ctions of the EtherCAT remote I/O termi-
Gx.ocOoOn erminals. nals.
GX-MDOOOO
GX-ADOOOO
GX-DAOOOO
GX-ECOOOO
XWT-1DOO
XWT-0DOO
AC Servomotors/Servo 1586 R88M-10 Learning how to use | Describes the hardware, setup methods and
Drives 1S-series with Built-in _ _ the Servomo- functions of the Servomotors/Servo Drives
R88D-1SN-ECT
EtherCAT® Communications tors/Servo Drives with built-in EtherCAT Communications.
User's Manual 1621 R88M-1ALLY - with built-in EtherCAT
1AMO] Communications.
R88D-1SANCI-ECT
AC Servomotors/Servo 1576 R88M-KI Learning how to use | Describes the hardware, setup methods and
Drives G5-series with Built-in R88D-KNI-ECT the Servomo- functions of the Servomotors/Servo Drives
EtherCAT® Communications tors/Servo Drives with built-in EtherCAT Communications.
1577 R88L-EC-[]

User’'s Manual

R88D-KNO-ECT-L

with built-in EtherCAT
Communications.

The linear motor type model and the model
dedicated for position controls are available
in G5-series.
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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. | W559-E1-05 |
*— Revision code
Revision code Date Revised content

01 September 2016 | Original production

02 April 2017 Corrected mistakes.

03 October 2017 | Corrected mistakes.

04 January 2019 | Corrected mistakes.

05 July 2019 » Made changes accompanying addition of the 1S-series AC

Servomotor/Servo Drive models.
» Made changes accompanying addition of functions.
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Introduction to the Motion Control

Function Module
]

This section describes the features, system configuration, and application flow for the

Motion Control Function Module.

11 Features ......... ... .ttt
1-2 System Configuration .............................
1-3 Basic Flowof Operation ...........................
1-4 Specifications ................ ... . i i,

1-4-1 General Specifications
1-4-2  Performance Specifications
1-4-3 Function Specifications
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1 Introduction to the Motion Control Function Module

1-1

Features

The Motion Control Function Module (sometimes abbreviated to “MC Function Module”) is a function
module of the Software that is embedded in the Real-Time OS of the Industrial PC. The MC Function
Module can perform motion control for up to 64 axes through the EtherCAT port that is built into the
Industrial PC. Cyclic communications are performed with Servo Drives and other devices that are con-
nected to the EtherCAT port to enable high-speed, high-precision machine control.

I Motion Control Instructions Based on PLCopen®

The motion control instructions of the MC Function Module are based on motion control function blocks
that are standardized by PLCopen®. These instructions allow you to program single-axis PTP position-
ing, interpolation control, synchronized control (e.g., of electronic cams), velocity control, and torque
control. You can set the velocity, acceleration rate, deceleration rate, and jerk each time a motion con-
trol instruction is executed to flexibly control operation according to the application.

@ Additional Information
* PLCopen®

PLCopen® is an association that promotes IEC 61131-3. It has its headquarters in Europe and a
world-wide membership. PLCopen® standardizes function blocks for motion control to define a
program interface for the languages specified in IEC 61131-3 (JIS B 3503).

e Jerk

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

I Data Transmission Using EtherCAT Communications

The MC Function Module can be combined with OMRON 1S-series Servo Drives with built-in EtherCAT
communications or G5-series Servo Drives with built-in EtherCAT communications to enable exchange
of all control information with high-speed data communications. The various control commands are
transmitted via data communications. That means that the Servomotor’s operational performance is
maximized without being limited by interface specifications, such as the response frequency of the
encoder feedback pulses. You can use the Servo Drive’s various control parameters and monitor data
on a host controller to unify management of system information.

@ Additional Information
What Is EtherCAT?

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

1-2 System Configuration

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

uoneinbyuon wayshs z-1

® Motion Control Configuration

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

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

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

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

Sysmac Studio

|
EtherNet/IP NY-series Controller |
@[ [
) = I
R EE = i e o[ |
| EtherCAT Network
. _ | Configuration — f _ _ _
Built-in EtherCAT port EtherCAT \

Built-in EtherNet/IP port

Positive limit input
Negative limit input
Immediate stop input
Home proximity input
Home input Slave Terminal 18-series Servo Drives with Built-in Encoder Input
External latch input, etc. EtherCAT Communications Terminal

BT

G5-series Servo Drives with Built-in

|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
| EtherCAT Communications

% Additional Information

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

1-3 Basic Flow of Operation

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

START
Sysmac Studio Version 1 Operation Manual

Setup |Create a project. | (Cat. No. W504)

| NY-series Industrial Panel PC / Industrial Box

|Create the EtherCAT Network Configuration. PC Software User’s Manual (Cat. No. W558)

A

| Add axes. | Section 3 Configuring Axes and Axes Groups

A

| Assign the axes. |

| Set the axis parameters. |

| NY-series Industrial Panel PC / Industrial Box

| Set the Controller Setup. PC Software User’s Manual (Cat. No. W558)

A

Transferring Transfer the project to the Controller.

!

Checking Wiring |Open the MC Test Run Tab Page.

Section 4 Checking Wiring from the Sysmac
| Studio

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

| Perform jogging. |

Continues to on next page.

* The EtherCAT Network Configuration can be set online if you are connected to the physical network.
The EtherCAT Network Configuration can be selected offline if the hardware is not available yet.

@ Additional Information

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

A

Programming |Write a program to perform jogging. |

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

-

Homing Define the homes of the Servomotor axes to
control.
Programming | Program the motion controls.
) Yes
Debugging Error?
| Read the error code. |
No
|Remove the cause of the error and clear the error.|
Operation | Operate the Controller and the machine. |
Maintenance | Perform periodic maintenance. |
END

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)

Section 6 Motion Control Pro-
gramming

Section 7 Manual Operation

Section 8 Homing

Section 6 Motion Control Pro-
gramming

Section 10 Sample Program-
ming

Section 11 Troubleshooting

Section 9 Motion Control
Functions

uonesadQ Jo mo|4 diseg ¢-|




1 Introduction to the Motion Control Function Module

1-4 Specifications

This section gives the specifications of the MC Function Module.
1-4-1 General Specifications

General specifications conform to the general specifications of the NY-series Controller.

Refer to the NY-series Industrial Panel PC Hardware User’s Manual (Cat. No. W557) or NY-series
Industrial Box PC Hardware User’s Manual (Cat. No. W556) for details.

1-4-2 Performance Specifications

The following table describes the performance specifications for each type of Industrial PCs.

NY5[]2-
Item
150001 14000 13000

Number of Maximum number of controlled axes * 64 axes 32 axes 16 axes
controlled - .
axes Maximum number of used real axes 2 64 axes 32 axes 16 axes

Maximum number of axes for single-axis | 64 axes 32 axes 16 axes

control

Maximum number of axes for linear inter-
polation axis control

4 axes per axes group

Number of axes for circular interpolation
axis control

2 axes per axes group

Maximum number of axes groups 32 axes groups
0.00% or 0.01% to 500.00%

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

Override factors

Motion control period

Multi-motion Not supported.
Cams Number of Maximum points per cam | 65,535 points
cam data table
points Maximum points for all 1,048,560 points
cam tables

Maximum number of cam tables 640 tables

*1 This is the total for all axis types. Refer to Axis Types on page 5-8 for details on axis types.
*2 This is the total number of axes whose axis type is set to Servo Axis or Encoder Axis and axis use is set to Used Axis.
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1 Introduction to the Motion Control Function Module

1-4-3 Function Specifications

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

devices.

Item

Description

Controllable Servo Drives

OMRON 1S-series Servo Drives with built-in EtherCAT
communications or G5-series Servo Drives with built-in

EtherCAT communications 1

Controllable encoder input terminals

OMRON GX-series GX-EC0211/EC0241 EtherCAT
Remote 1/0 Terminals *2

Controllable Position Interface Units "3

OMRON NX-ECOOIOO Incremental Encoder Input Units
OMRON NX-ECSOOO SSI Input Units
OMRON NX-PGO0O[OO Pulse Output Units

Control method

Control commands using EtherCAT communications

Control modes

Position control, Velocity control, and Torque control

Unit conversions Position units

Pulse, mm, um, nm, degree, and inch

Electronic gear ratio

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

Positions that can be managed

Command positions and actual positions

Axis types

Servo axes, Virtual servo axes, Encoder axes, and Virtual
encoder axes

Position command values

Negative or positive long reals (LREAL) or 0 (command
units*4)

Velocity command values

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

Acceleration command values and deceleration command val-
ues

Positive long reals (LREAL) or 0 (command units/s2)

Jerk command values

Positive long reals (LREAL) or 0 (command units/s3)

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)
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1 Introduction to the Motion Control Function Module

Item Description
Single axes | Single-axis posi- Absolute positioning Positioning is performed for a target position that is speci-
tion control fied with an absolute value.

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

Interrupt feeding Positioning is performed for a specified travel distance
from the position where an interrupt input was received
from an external input.

Cyclic synchronous abso- | A command position is output each control period in Posi-

lute positioning tion Control Mode.

Single-axis veloc- | Velocity control Velocity control is performed in Position Control Mode.

ity control Cyclic synchronous A velocity command is output each control period in Veloc-
velocity control ity Control Mode.

Single-axis torque | Torque control The torque of the motor is controlled.

control

Single-axis syn- Starting cam operation A cam motion is performed using the specified cam table.

chronized control Ending cam operation The cam motion for the axis that is specified with the input

parameter is ended.

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

Positioning gear opera- A gear motion with the specified gear ratio and sync posi-

tion tion is performed between a master axis and slave axis.

Ending gear operation The specified gear motion or positioning gear motion is
ended.

Synchronous positioning | Positioning is performed in sync with a specified master
axis.

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

Combining axes The command positions of two axes are added or sub-
tracted and the result is output as the command position.

Single-axis manual | Powering the Servo The Servo in the Servo Drive is turned ON to enable axis
operation motion.

Jogging An axis is jogged at a specified target velocity.
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1 Introduction to the Motion Control Function Module

Item

Description

Single axes | Auxiliary functions
for single-axis con-

trol

Resetting axis errors

Axes errors are cleared.

Homing

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

Homing with parameters

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

High-speed homing

Positioning is performed for an absolute target position of
0 to return to home.

Stopping

An axis is decelerated to a stop.

Immediately stopping

An axis is stopped immediately.

Setting override factors

The target velocity of an axis can be changed.

Changing the current
position

The command current position or actual current position of
an axis can be changed to any position.

Enabling external latches

The position of an axis is recorded when a trigger occurs.

Disabling external latches

The current latch is disabled.

Zone monitoring

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

Enable Digital Cam
Switch

The digital outputs are turned ON or turned OFF depend-
ing on the axis position.

Monitoring axis following
error

You can monitor whether the difference between the com-
mand positions or actual positions of two specified axes
exceeds a threshold value.

Resetting the following
error

The error between the command current position and
actual current position is set to 0.

Torque limit

The torque control function of the Servo Drive can be
enabled or disabled and the torque limits can be set to
control the output torque.

Changing axis use

The Axis Use axis parameter can be temporarily changed.

Start velocity

You can set the initial velocity when axis motion starts.

Multi-axes coordi-
nated control

Axes groups

Absolute linear interpola-
tion

Linear interpolation is performed to a specified absolute
position.

Relative linear interpola-
tion

Linear interpolation is performed to a specified relative
position.

Circular 2D interpolation

Circular interpolation is performed for two axes.

Axes group cyclic syn-
chronous absolute posi-
tioning

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

Auxiliary functions
for multi-axes coor-
dinated control

Resetting axes group
errors

Axes group errors and axis errors are cleared.

Enabling axes groups

Motion of an axes group is enabled.

Disabling axes groups

Motion of an axes group is disabled.

Changing the axes in an
axes group

The Composition Axes parameter in the axes group
parameters can be overwritten temporarily.

Stopping axes groups

All axes in interpolated motion are decelerated to a stop.

Immediately stopping
axes groups

All axes in interpolated motion are stopped immediately.

Setting axes group over-
ride factors

The blended target velocity is changed during interpolated
motion.

Reading axes group posi-
tions

The command current positions and actual current posi-
tions of an axes group can be read.
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1 Introduction to the Motion Control Function Module

Item Description
Common Cams™® Setting cam table proper- | The end point index of the cam table that is specified in
items ties the input parameter is changed.
Saving cam tables The cam table that is specified with the input parameter is

saved in non-volatile memory in the Industrial PC.

Generating cam tables The cam table that is specified with the input parameter is
generated from the cam property and cam node.

Parameters Writing MC settings Some of the axis parameters or axes group parameters
are overwritten temporarily.

Changing axis parame- You can access and change the axis parameters from the

ters user program.
Auxiliary Count modes You can select either Linear Mode (finite length) or Rotary
functions Mode (infinite length).
Unit conversions You can set the display unit for each axis according to the
machine.
Acceleration/decel- | Automatic accelera- Jerk is set for the acceleration/deceleration curve for an
eration control tion/deceleration control | axis motion or axes group motion.
Changing the accelera- You can change the acceleration or deceleration rate even
tion and deceleration during acceleration or deceleration.
rates
In-position check You can set an in-position range and in-position check

time to confirm when positioning is completed.

Stop method You can set the stop method to the immediate stop input
signal or limit input signal.

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

Multi-execution of motion control instructions You can specify when to start execution and how to con-
(Buffer Mode) nect the velocities between operations when another
motion control instruction is executed during operation.

Continuous axes group motions (Transition You can specify the Transition Mode for multi-execution of
Mode) instructions for axes group operation.
Monitoring func- Software limits The movement range of an axis is monitored.
tions Following error The error between the command current value and the
actual current value is monitored for an axis.
Velocity, acceleration You can set and monitor warning values for each axis and
rate, deceleration rate, each axes group.

torque, interpolation
velocity, interpolation
acceleration rate, and
interpolation decelera-
tion rate

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

the need to perform homing at startup.*®

Input signal logic inversion You can inverse the logic of immediate stop input signal,
positive limit input signal, negative limit input signal, or
home proximity input signal.

External interface signals The Servo Drive input signals listed on the right are used.
Home signal, home proximity signal, positive limit signal,

negative limit signal, immediate stop signal, and interrupt
input signal

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

*2 The recommended unit version is 1.1 or later.
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1 Introduction to the Motion Control Function Module

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

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

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

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

This section outlines the internal structure of the Controller functions and describes the
configuration and principles of the MC Function Module.

24

Internal Configuration of the Controller Functions .................. 2-2
Motion Control Configuration ................ ... . ... i, 2-3
Motion Control Principles ......... ... i 2-4
2-3-1 Controller Function Tasks . ... ... .. i 2-4
2-3-2  Example of Task Operations for Motion Control ....................... 2-8
EtherCAT Communications and Motion Control .................... 212
2-4-1 CAN Application Protocol over EtherCAT (CoE) ...................... 2-12
2-4-2 Relationship between EtherCAT Master Function Module and MC

Function Module .. ... ... .. . . . 2-13
2-4-3 Relationship between Process Data Communications Cycle and Motion

Control Period . ... .. 2-14
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2 Motion Control Configuration and Principles

2-1 Internal Configuration of the
Controller Functions

This section provides an overview of the internal mechanisms of the NY-series Controller. The Control-
ler functions have the following software configuration. The Motion Control Function Module is a soft-
ware module that performs motion control.

Motion Control Function EtherCAT Master Function Other Function
Module Module Modules”

PLC Function Module

(ON]

* Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User's Manual (Cat. No. W558) for
details on other Function Modules.

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

Function Module name Abbreviation Description

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

Motion Control Function Module MC This module performs motion control according to
the commands from motion control instructions that
are executed in the user program. It sends data to
the EtherCAT Master Function Module.

EtherCAT Master Function Module | ECAT This module communicates with the EtherCAT
slaves as the EtherCAT master.

Note Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558) for
details on other Function Modules.

This manual provides the specifications and operating procedures for the Motion Control Function Mod-
ule (sometimes abbreviated to “MC Function Module”). Refer to the other NY-series user's manuals as
required when using the MC Function Module in an application.
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2 Motion Control Configuration and Principles

2-2 Motion Control Configuration

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

uoneinByuos [043U0D UOHOWN Z-Z

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

Servo Drive.
NY-series Controller Servo Drive
User program MC Function  EtherCAT Master w—
Module Function Module kool
processing
i Command
_| |_ !\;AO?H%} in?e()r[)nrgtg?ign Communications interpretation -
instruction Data processing processing Status Position _____ .

/| P : control v

: Velocity ____.

< > < > EtherCAT ! E control :
communications v

' . Torque o
' ' control T

—~ —~
A feedback system is not configured. A feedback system is configured.

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

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

e The command values are sent by using PDO communications during each process data communica-
tions cycle of EtherCAT communications.

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

e The encoder’s current value and the Servo Drive status are sent to the NY-series Controller during
each process data communications cycle of EtherCAT communications.

% Additional Information

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

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

» Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on the configuration of the NX-series Position Interface Units.

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559) 2-3



2 Motion Control Configuration and Principles

2-3 Motion Control Principles

This section provides information on the Controller function tasks and how they relate to motion control.

2-3-1 Controller Function Tasks

Tasks are attributes of programs that determine the execution conditions and sequence of the pro-
grams. The Controller functions support the following tasks.

Type of task Task name

Tasks that execute programs at a fixed period Primary periodic task

Priority-16, -17, and -18 periodic tasks

Tasks that execute programs only once when the exe- | Event task (execution priority: 8 and 48)
cution conditions for the tasks are met

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for details on programs, tasks, and setting methods.

I Types of Tasks and Task Priority

The NY-series Controller can execute the user program with a single task or multiple tasks.

Tasks have an execution priority. Tasks with the highest execution priority are executed first. If the exe-
cution conditions are met for another task with a higher execution priority while a task is under execu-
tion, the task with the higher execution priority is given priority in execution. The following table lists the
tasks in which you can use motion control instructions and the task priorities for the NY-series Control-
ler. You cannot use motion control instructions in event tasks.

Number of .. .

Type of task tasks Priority Operation

Primary 1 4 This task executes 1/O refreshing, programs, and motion

periodic task control in the specified task period. This task has the highest
execution priority of all tasks and can be executed quickly and
precisely. Therefore, this task is best suited for situations when
synchronized control or highly responsive control is required.
Use the primary periodic task to execute all control with a
single task.

Periodic tasks | 0 or 1 16 These tasks execute programs and I/O refreshing in the

specified task period. The execution period for this priority-16
periodic task is longer than the execution period of the primary
periodic task. Therefore, periodic tasks are used to execute
programs.

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

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

Note The NY-series Controller has some periodic tasks with an execution priority of 17 or 18. However, you can-
not use motion control instructions in these tasks. These tasks also do not perform I/O refreshing.
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2 Motion Control Configuration and Principles

|E| Precautions for Correct Use

* Motion control instructions can be used in the primary periodic task and in a priority-16 peri-
odic task.

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

so|dIdulld [013U0D UOHOW £-Z

I Task Assignment

* Axes and axes groups can be assigned to the primary periodic task. The 1/0O device task that is
assigned to an axis must be the same type of task that is assigned to the axis.

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

% Additional Information

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

I Basic Operation of Tasks

Syse| uoloun4 Js||ouo) L-€-2

® Overall Task Operation

The primary periodic task and periodic tasks operate based on the task period of the primary peri-
odic task (also known as the primary period). The primary periodic task includes operations such as
system common processing and motion control in addition to 1/0 refreshing and user program exe-
cution. Processing of motion control instructions in the programs is executed during the next motion
control (MC) period after the END instruction is executed in the task.

Primray period (t)

|
|
Primary = = = = =
periodic task | |'°|UPC|S I0|uPG|S I0|UPG|S I0|UPG|S I0|UPG|S
< : : :
(A) ' ' Task period (tx4) L
_____ . |
Priority-16
periodic task 10 |UPG L el UPG \ 10 |UPG
(B) (C)
Symbol Description
10 I/O refreshing
UPG User program execution
MC Motion control
(A) A dotted line represents a transition to another task.
(B) A dashed-dotted line means that processing for that
task has been interrupted.
(©) A double line means that all processing for that task
has been completed.
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2 Motion Control Configuration and Principles

® Operation of the Primary Periodic Task

Task period (= primary period) |
Task execution time !
/0 refresh Control processing
— Y
=4 2le =
@ 214 5| @
@ o8 218
s 8|8 c|s
& | Refresh 5|2 Userprogram |8 g
S| executed. |[w |2 execution c| e
3] < | E o\l e
° 5|8 HEE
g 5|5 2|8
k7 1]
3 £\ &
Processing Processing Contents

Output data processing

Output refresh data is created for Output Units that execute 1/O refreshing.

If forced refreshing is set, the forced refreshing values are reflected in the
output refresh data.

Refresh execution

This process exchanges data with 1/0.

Input data processing

Whether the condition expression for event task execution is met or not is
determined.

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

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

System common processing 1

Processing for exclusive control of variables in tasks is performed when
accessing tasks are set.

Motion input processing is performed.”™
Data tracing processing (sampling and trigger checking) is performed.

User program execution

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

Motion control 12

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

Motion output processing is performed.*3

System common processing 2

Processing for exclusive control of variables in tasks is performed when
refreshing tasks are set.

Processing for variables accessed from outside of the Controller is per-
formed to maintain concurrency with task execution (executed for the vari-
able access time that is set in the Task Settings).

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

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

*2 For the system-defined variables of the axes that are assigned to Motion control 1, _MC_AX][0-63] are used.
Similarly, for the system-defined variables of the axes groups, _MC_GRP[0-31] are used.
Refer to 3-1-3 Introduction to Axis Variables for the system-defined variables of axes and 3-3-3 Introduction to
Axes Group Variables for the system-defined variables of axes groups.

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

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)



2 Motion Control Configuration and Principles

® Operation of a Priority-16 Periodic Task

N
You can refresh 1/O in the priority-16 periodic task. &
=
; 2
Task period | <}
-¢ =| 3
S o
_ Task execution time O S
o o g
Task processing time Task processing time 3
|< > |<—>| =
] - g
--Tr - . 1 7010 ° " -]
I/O refresh | Control Control 3
processing processing
£ =| c S
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= X|al| 2| © x N x| =9
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* The CPU Unit will temporarily interrupt the execution of a task in order to execute a task with a higher execution
priority.

I Task Period

For a single task, the primary period, which is the task period for the primary periodic task, is the stan-
dard period for execution. In this case, the primary period is automatically used as the motion control
period. (It is also the same as the process data communications cycle for EtherCAT communications.)
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Periodic task execution is synchronized with the primary period. Set the task period of a periodic task
as an integer multiple of the primary period.

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

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for details on the task period.

® Valid Task Periods for NY-series Controller

The following table lists the possible combinations of primary periodic task and priority-16 periodic
task periods for the NY-series Controller.

Task Valid task periods
Primary periodic task 500 ps to 8 ms (specify in increments of
250 ps)
Priority-16 periodic task 1 ms to 100 ms (specify in increments of
250 ps)
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2-3-2 Example of Task Operations for Motion Control

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

I Using Motion Control Instructions in the Primary Periodic Task

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

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

4

B
A w
Execution of motion control instructions

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

Instruction Execution

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

Command Generation

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

Sending Commands

The execution commands that were generated are sent to the Servo Drive or other device
during the I/O refresh (10) in the next period.

@ Additional Information

All instructions from inputs to execution command outputs to the Servo Drive or other device are
processed quickly in this task. We recommend placing all motion control instructions in the pri-
mary periodic task.
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I Using Motion Control Instructions in a Priority-16 Periodic Task

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

® Timing of Processing

| Slave A |

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

| Servo |

| Slave A |

IN * Execution command
Primary period |
! gh gh il jh |
Primary I0|UPG|MC I0|UPG|MC I0|UPG|MC I0|UPG|MC I0|UPG|MC
periodic task
Priority-16 || JuPG
periodic task I
A

Execution of motion control instructions

Task period (primary period x 3)

| Servo |

A .
Execution command

Primary period

‘ I
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Primary I0|UPG|MC I0[{UPG|MC IO|UPG|MC IO|UPG|MC I0[{UPG|MC
periodic task
~—— A N
Prority-16 || [ [ ——— I Jfueclll _—— [T
periodictask | | | | ey L1l
A

Execution of motion control instructions

Task period (primary period x 3)

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

Instruction Execution

The motion control instructions (FB) are executed based on the data that was loaded during
user program execution (UPG) in the priority-16 periodic task.

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

Command Generation

Motion control instructions (FB) are executed in the task period of the priority-16 periodic task
according to the motion control instructions (FB) that were executed. Motion processing is per-
formed during motion control processing (MC) in the next primary periodic task after the periodic
task. During this processing, execution commands for the Servo Drives or other devices are
generated.

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

so|dIdulld [013U0D UOHOW £-Z
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2 Motion

Control Configuration and Principles

® Axis Variable Update Timing

Axis Variables are system-defined variables for some of the axis parameters and for the monitor

nformation, such as the actual position and error information for the axes controlled by the MC

Function Module.

f you access an Axis Variable of the primary periodic task during the priority-16 periodic task, the

values of the variable that were read at the start of the priority-16 periodic task are used.

Also, the values of an Axis Variable are not written when a motion control instruction (FB) is exe-
cuted. They are written in motion control processing (MC) at the start of the next priority-16 periodic
task.

[0 ]

4

| Servo |

4

*1

*2

*3

\OUT ' Execution
Primary period command |
Primary I0|UPG|MC I0|UPG|MC I0|UPG|MC 10|UPG|MC I0|UPG|MC
periodic task 3
v /‘/J
Priority-16 || xaees ' ~[ UPG UPGIL——
periodic task variable”™ L | . .
are read ! A
Execution of motion control instructions 2
) Task period (primary period x 3) ik

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

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

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

|E| Precautions for Correct Use

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

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

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

@ Additional Information

For information on Axis Variables, refer to 3-1-3 Introduction to Axis Variables.
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2 Motion Control Configuration and Principles

I Using Motion Control Instructions in Two Different Types of Tasks

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

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

so|dIdulld [013U0D UOHOW £-Z

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

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

shown below.

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

| Servo |

* Execution command for MC_MoveRelative
Primary period

- > Ll B Ll B Lt B

\

Primary lolupG MC" io|up MC" 1o|up MC" lo|up MC" io|up MC"
periodic task (I% (lﬁ (ﬁ ('ﬁ
A — A
— A FB2: MC_MoveRelative
Priority-16 UPG The instruction is buffered for
periodic task FB1 multi-execution of instructions.

A FB1: MC_MoveAbsolute

Task period (primary period x 3)

[oJ1u0D) uonopy Joj suonesado ysel jo sidwexy z-¢-g

The values of output variables for a motion control instruction and the values of system-defined vari-
ables for motion control will change during the I/O refresh of the task that executed the instruction.
Therefore, you may notice different behavior depending on the task if you use motion control instruc-
tions for the same axis in different tasks. Make sure that you thoroughly understand the processes of
each task before you start to develop your user program.

El Precautions for Correct Use

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

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

% Additional Information

For information on multi-execution of instructions, refer to 9-5-7 Multi-execution of Motion Con-
trol Instructions (Buffer Mode).
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2 Motion Control Configuration and Principles

2-4 EtherCAT Communications and

Motion Control

2-4-1

212

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

CAN Application Protocol over EtherCAT (CoE)

The MC Function Module exchanges data with the slaves on EtherCAT using the CAN application pro-
tocol over EtherCAT (CoE). With CoE, the parameters and control information held by the slaves are
specified according to data specifications of the object dictionary (OD). To communicate the data
between the Controller (communications master) and slaves, two methods are used: process data
objects (PDOs), which periodically exchange data in realtime, and service data objects (SDOs), which
exchange data when required.

The MC Function Module uses PDO communications for commands to refresh 1/0 data, such as data
for Servomotor position control, on a fixed control period. It uses SDO communications for commands
to read and write data at specified times, such as for parameter transfers.

Controller
(communications master) EtherCAT Slaves
communications lines
PDO communications Executed periodically.

Output data

Input data

v

Write data

Read data

v

Executed for requests.
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2 Motion Control Configuration and Principles

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

The NY-series Controller can perform sequence control and motion control through connections to Eth-
erCAT slaves.

I Sequence Control

|o1u0)
UOIJOI\ puUe suonesIuNWWo) 1yYIIayld -2

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

* You use the I/0 Map Tab Page in the Sysmac Studio to assign device variables.
* Perform sequence control through instructions other than motion control instructions.

I Motion Control

* |/O ports for configuration slaves are automatically created when you create the EtherCAT Config-
uration in EtherCAT Tab Page in the Sysmac Studio.

* Create Axis Variables in Motion Control Setup View and assign the EtherCAT slaves for which
motion control is performed.

* Perform motion control through motion control instructions.

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

@ Additional Information

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

* You can use SDO communications to read and write the objects of EtherCAT slaves and NX-
series Position Interface Units that are assigned to axes variables. However, do not use SDO
communications to write objects that are mapped to PDO communications. If you do, the oper-
ation of the slaves will depend on slave specifications. For OMRON slaves, SDO communica-
tions will result in errors.

» If EtherCAT slave Servo Drives, Encoder Input Terminals, and NX-series Position Interface

Units are not assigned to axes variables, you must execute sequence control for them in the
same way as for general-purpose EtherCAT slaves.

3|NPOJA uondun4 JHJ|A pue a|NPOJA uoijoun4 Jalsel\ |vDJI8ylg usamlaq d!qsuonewa v
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2 Motion Control Configuration and Principles

Sequence

Motion control

User program in PLC

H H Instructions Executed

CPU Unit

FFunctionModule - — = F = = = = = = = = = = & & & & e e mm o m - -

other than
motion control

instructions

H H User-created Executed

EtherCAT

control function block

Executed

Device variables

1/0 ports

instructions

H H Motion control | lcuted |

Exe-
H  Motion control | [cuted

instructions

- Profile processing
+ Synchronization

Axis Variables

) Task periody | EtherCAT
MC Function Module N Master

processing Task period
Other processing )

slaves

I
I
I
I
I
I
I
EtherCAT 1
I
I
I
I
I
I
]

EtherCAT

EtherCAT slaves

Servo Driver or

Function
Module

I

I

I
encoder input :
terminal |
Position Interface |1
Units :
|

2-4-3 Relationship between Process Data Communications Cycle and
Motion Control Period

214

The PLC Function Module sends motion control commands to the MC Function Module when motion
control instructions are executed in the user program. The MC Function Module then performs motion
control processing based on those commands and sends the results of processing as commands to the

EtherCAT’s Servo Drive or other device.

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

* Primary period = Motion control period = Process data communications cycle for EtherCAT communi-

cations

Controller functions

Execution of user
program in PLC
Function Module

)

Motion control processing
by MC Function Module

Slaves

EtherCAT

Processing in slave

Sequence control period ! Motion control

period*1

—
_/4_/

Communications cycle 1

: D
N\
\

Data refresh
period in slave
(depends on the slave)

*1 Since the sequence control period is primary period, the motion control period and the communications
cycle are also primary period.
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Configuring Axes and Axes

Groups
]

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

dio.
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3

Configuring Axes and Axes Groups

3-1 AXxes

3

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

-1-1 Introduction to Axes

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

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

Axis type Description

Servo axis These axes are used by the EtherCAT slave Servo Drives and NX-series
Position Interface Units."1 They are assigned to actual Servo Drives or
other devices.

If you use NX-series Position Interface Units, you can assign more than

one device, such as a Pulse Output Unit and Digital Input Unit, to the same
axis.

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

Encoder axis These axes are used by the EtherCAT slave Encoder Input Terminals and
NX-series Position Interface Units."1 An encoder axis is assigned to an
actual encoder input terminal or other device. Encoder axes are assigned
to actual encoder input terminals. If one encoder input terminal contains
two encoder inputs, the individual encoder inputs will act as one axis.

Virtual encoder axis These axes are used virtually for encoder operation. A virtual encoder axis
is used temporarily in place of an encoder axis when there is no physical

encoder."2

*1 Refer to 71-4-3 Function Specifications for the controllable devices.

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

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

The number of elements provided is the same as the maximum number of controlled axes for each
model. The maximum number of controlled axes varies depending on the model. Refer to 7-4-3 Func-
tion Specifications on page 1-7 for details.

Configuration element Description Page

Axis parameters The axis parameters set the maximum velocity, jogging, homing, P. 3-3
and other items for the axes operations controlled by the MC Func-
tion Module. Use the Sysmac Studio to set the axis parameters.

Axis Variables Axis Variables are system-defined variables for the actual position, | P. 3-7
error information, and other monitor information for axes controlled
by the MC Function Module. Axis Variables are created when you

add an axis from the Multiview Explorer of the Sysmac Studio. The e
names of the Axis Variables (called the Axis Variable names) are set >
here. o
Specifying axes in the In the user program, motion control is implemented with motion con- | P. 3-9
user program trol instructions. Motion control instructions that perform single-axis

control are used to create axis commands. To control an axis with
axis commands, specify the Axis Variable name of the system-
defined variable or the Axis Variable name that was set with the Sys-
mac Studio for the Axis in-out variable of the instruction.

3-1-2 Introduction to Axis Parameters

® Axis Parameters

siajaweled SIXy 0} UOIONPOU| Z-1-€

Classification Parameter name
Axis Basic Axis Number
Settings Axis Use
Axis Type

Input Device/Output Device

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

Work Travel Distance Per Motor Rotation

Reducer Use

Work Travel Distance Per Rotation

Work Gear Ratio

Motor Gear Ratio
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3 Configuring Axes and Axes Groups

Classification Parameter name
Operation Set- Maximum Velocity
tings Start Velocity

Maximum Jog Velocity

Maximum Acceleration

Maximum Deceleration

Acceleration/Deceleration Over

Operation Selection at Reversing

Velocity Warning Value

Acceleration Warning Value

Deceleration Warning Value

Positive Torque Warning Value*1

Negative Torque Warning Value*"

Actual Velocity Filter Time Constant

In-position Range

In-position Check Time

Zero Position Range

Other Immediate Stop Input Stop Method
Operation Set- ' it Input Stop Method
tings

Drive Error Reset Monitoring Time

Maximum Positive Torque Limit

Maximum Negative Torque Limit

Immediate Stop Input Logic Inversion

Positive Limit Input Logic Inversion

Negative Limit Input Logic Inversion

Home Proximity Input Logic Inversion

Limit Settings Software Limits

Positive Software Limit

Negative Software Limit

Following Error Over Value

Following Error Warning Value

Position Count Count Mode
Settings

Modulo Maximum Position Setting Value

Modulo Minimum Position Setting Value

Encoder Type

Servo Drive Modulo Maximum Position Setting Value
Settings

Modulo Minimum Position Setting Value
PDS State Control Method
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3 Configuring Axes and Axes Groups

Classification Parameter name

Homing Settings Homing Method

Home Input Signal

Homing Start Direction

Home Input Detection Direction

Operation Selection at Positive Limit Input

Operation Selection at Negative Limit Input

Homing Velocity

Homing Approach Velocity

Homing Acceleration

S9XY L-¢€

Homing Deceleration

Homing Jerk

Home Input Mask Distance
Home Offset
Homing Holding Time

Homing Compensation Value

Homing Compensation Velocity

*1 This parameter is enabled only for torque control.

Refer to 5-2 Axis Parameters on page 5-5 for details on axis parameters.

® Settings Required to Use Axes

The following settings must be made to use the axes that are created with the Sysmac Studio.

Classification Parameter name Setting Page
Axis Basic Axis Number Axis numbers are automatically set in the order P. 5-7
Settings that the axes are created.

Axis Use

Select Used axis.

Axis Type

Select the type of axis to control.

Input Device/Output
Device

Specify the node address of the EtherCAT slave
device that is assigned to the axis. The Node
Address parameter cannot be selected if the Axis
Type parameter is set to use a virtual axis.

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

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

Classification Parameter name Setting Page
Axis Basic Set- Axis Number The numbers are assigned in the order that the P. 5-7
tings axes are added.

Axis Use Select Used axis.
Axis Type Select Servo axis.

Input Device/Output
Device

Specify the node address of the EtherCAT slave
device that is assigned to the axis. The Node
Address parameter cannot be selected if the Axis

Type parameter is set to use a virtual axis.
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3 Configuring Axes and Axes Groups

Classification Parameter name Setting Page
Unit Conversion Unit of Display Select the display unit (mm, degrees, etc.). P. 5-10
Settings Command Pulse Count | Set the number of command pulses per motor

Per Motor Rotation rotation according to the encoder resolution.*?

Work Travel Distance Set the workpiece travel distance per motor rota-

Per Motor Rotation tion according to the machine specifications.

Reducer Use Specify whether to use the reducer setting or not.

Work Travel Distance Set the work travel distance per rotation.

Per Rotation

Work Gear Ratio Set the gear ratio for the workpiece.

Motor Gear Ratio Set the gear ratio of the motor.
Position Count Count Mode Set this parameter according to the machine P. 5-22
Settings specifications.
Limit Settings Software Limits Set this parameter according to the device speci- | P. 5-22

fications.

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

El Precautions for Correct Use

e Select the appropriate values based on the machine’s operating conditions for parameters
such as the maximum velocity, maximum acceleration/deceleration, or stop settings when the

motor is actually operated.

¢ OMRON 1S-series Servo Drives and G5-series Servo Drives can be set to specific node
addresses by using the rotary switches on the front panels. If the rotary switches are set to 00,
the node address will be determined by the settings made in the EtherCAT Editor of the Sys-
mac Studio. If the rotary switches are set to 00 for all connected Servo Drives, errors will not
occur even if the Servo Drive’s connection position is changed. Set the node addresses on the

rotary switches to assign specific Servo Drives for each machine control.
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3 Configuring Axes and Axes Groups

3-1-3 Introduction to Axis Variables

Axis Variables are system-defined variables for some of the axis parameters and for the monitor infor-
mation, such as the actual position and error information, for the axes controlled by the MC Function
Module. When you create axes with the Sysmac Studio, Axis Variables are registered in the variable
table in the order that the axes are created. Axis variables are structures with a data type of _sAX-
IS_REF.

I Axis Variables

Each Axis Variable in the MC Function Module has two variable names: The Axis Variable name in
the system-defined variables and the Axis Variable name that is assigned when the axis is added on
the Sysmac Studio. The Axis Variable names in the system-defined variables are _MC_AX]0] to
_MC_AX[63].

When you add axes on the Sysmac Studio, the MC_Axis000 to MC_Axis063 are set by default for
_MC_AX]|0] to _MC_AX[63]. The numbers are assigned in the order that the axes are added. You
can change each of these Axis Variables as required from the Sysmac Studio. You can use either
the Axis Variables for the system-defined variables or the Axis Variables that are added on the Sys-
mac Studio to specify the Axis Variables in the user program.

S9XY L-¢€

® Example When MC_AX[0-63] Is Used

Axis Variable name in the system-
defined variables (AT specification

in global variable table™)

Default Axis Variable name when

axis is added on the Sysmac Studio T T CT G 2T 1D

sa|gele SIXy 0] Uononpoju| ¢-1-¢

_MC_AX[0] MC_Axis000 Axis 0
_MC_AX[1] MC_Axis001 Axis 1
_MC_AX[63] MC_Axis063 Axis 63

*1 An error will occur if you change the names in the AT column in the global variable table on the Sysmac
Studio.
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3 Configuring Axes and Axes Groups

I Examples of Axis Variable Levels and Changing Axis Variable Names

In the descriptions below, MC_AX]0] is used as an example. The same information applies to the
other variables.

_MC_AX[0] Axis Variable
_MC_AX[0].Status Level that indicates the axis status
_MC_AX|0].Status.Ready Variable that indicates that the axis is ready for operation
_MC_AX]|0].Status.Disabled Variable that indicates when the axis is disabled
_MC_AX][0].Details Level that indicates the axis control status
_MC_AX|0].Details.ldle Variable that indicates when the axis is idle

_MC_AX|0].Details.InPosWaiting  Variable that indicates in-position waiting

_MC_AX[0].Cmd Level that indicates the axis command values

_MC_AX[0].Cmd.Pos Variable that indicates the command current position
_MC_AX[0].Cmd.Vel Variable that indicates the command current velocity
_MC_AX[0].Cmd.AccDec Variable that indicates the command current acceleration/decelera-

tion rate in the axis monitor

_MC_AX[0].Act Level that indicates the axis current values

_MC_AX|0].Act.Pos Variable that indicates the actual current position
_MC_AX|0].Act.Vel Variable that indicates the actual current velocity
_MC_AX|0].Cfg Level that indicates the axis basic settings

_MC_AX|0].Cfg.AxNo Variable that indicates the axis number

_MC_AX]|0].Cfg.AxEnable Variable that indicates when the axis is enabled

_MC_AX|0].Cfg.AxType Variable that indicates the axis type

_MC_AX|0].Scale.Units Variable that indicates the display unit
_MC_AX[1] Axis Variable

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

Refer to Axis Variables on page 6-23 for details on Axis Variables.
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3-1-4 Specifying an Axis in the User Program

In the user program, an Axis Variable name is specified for the in-out variable Axis in motion control
instructions. In the following example, the Axis Variable name for the axis that was added for the sys-
tem-defined Axis Variable name of _MC_AX]J0] has been changed to MyAxis1 in the Sysmac Studio.

In-out variable Axis —\
Specify an Axis MC_Power_instance

Variable name. Y \ MC_Power

MyAxis1 == Axis AXis = MyAxis1
] | Enable Status = MyAxis10nStatus e
ServoOn Busy f= MyAxis10nBusy %
(7]

Error p= MyAxis1OnError
ErrorlD = MyAxis1OnErrorID

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

Refer to the instruction descriptions in the NY-series Motion Control Instructions Reference Manual
(Cat. No. W561) for details on motion control instructions.
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3 Configuring Axes and Axes Groups

3-2 Axis Setting Procedure

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

| Create a project. |

| Create the EtherCAT Network Configuration. |

\A

|Add axes. |

\A

| Assign the axes. |

| Set the axis parameters. |

| Go online and synchronize the data. |

| Transfer the project to the Controller. |

END

This section describes how to set an axis.

I Starting the Sysmac Studio

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

2 Set the project properties, select the device, and click the Create Button.

oo =]

310 NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)



3 Configuring Axes and Axes Groups

A new project is displayed.

[ Sysmac Studio - new_Controller_0 (B[]

_File Edit View Inser: Project Controller Simuiation Tools Help.

1 i = =3l
a F A X B A R |a
I L) B =
|ER 2 Q

5 Programming <searcr> LS

Lo hd [ O

> Configurations and Setup
v

ainpasolid Bunjeg sixy z-¢

I Creating the EtherCAT Network Configuration

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

® Online Method

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

alnpasold bues z-z-¢

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

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

Fle Edt View Insert Project Controler Simulation Tools fielp

Item name
fodel

roduct name

lumber of Slaves

DO Communications Cycle Time

otal Cable Length

ail-soft Operation Setting

vait Time for Slave Startup

DO communications timeout detection ¢
‘evision Check Method

il Numbor Check Method

I«
z
i
2
§

~Device name
Set a name for the master.
Status Monitor
ONLINE 192.168.250.1
ERR/ALM PROGRAM mode.

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

1 Double-click EtherCAT in the Multiview Explorer.

The EtherCAT Tab Page is displayed.

New Project

new_NIS01_0

v Configurations and Setup |

78 EthercaT
» ) CPU/Bxpansion Racks
2 1oMap
» 73 Controller Setup
P i Motion Control Setup
¢ Cam Data Settings:
> Event settings.
%, Task Settings.
7 Data Trace Settings

New Project

new_NIS01_0

v Configurations and Setup I

78 EthercaT

» ) CPU/Bxpansion Racks
2 1oMap

» 73 Controller Setup

P i Motion Control Setup
¢ Cam Data Settings:

7 Data Trace Settings

Item name

PDO Communications Cycle Time
Total Cable Length

Fail-soft Operation Setting

Wait Time for Slave Startup

PDO communications timeout detection ¢
Revision Check Method

Serial Number Check Method

~Device name
Set a name for the master.

Item name
Device name

Model

Product name

Number of Slaves

PDO Communications Cycle Time

Total Cable Length

Fail-soft Operation Setting

Wait Time for Slave Startup

PDO communications timeout detection ¢
Revision Check Method

Serial Number Check Method

~Device name
Set a name for the master.

[rovtkeyword |
| [P
|| e e
| RESDKNOILECT G5
REED-KNG:

n

RBED-KNOGF-ECT
8D KNOGFECT

RBED-KNIOF-ECT Rev:2.1
D-KNIOFECT
RBED-KNIOH-ECT Rev:2.1
| D-KNLOH ECT
RBED-KNLS

RBED-KNISH-ECT Rev:2.1
ries ServoDrt

RBED-KNZOH-ECT Rev:2.1
REBD-O0HECT!

||| senvoprves

| 3 Frequency Tnverter
igital 10

input Keyvors
1 ,

RBED-KNOBH-ECT Rev:2.1
D-KNOBH ECT

| [ st
L0 e
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The slave is inserted on the display.

(] Sysmac Studio
FleEdi_View Insert Project Contraller  Simulation Tools.tehp.

3 Configuring Axes and Axes Groups

Alvendors

New Project [ A\ configurations and Setup | Groues

ew NI010 ] CEEIE—.
|[Node AddressiNetwork configuration
v Configurations and Setup | l.ll Master

R EHECAT Master

> Node1.RESDKNOL T (¢ REBD-KNOIH-ECT Rev:2.1

) CPU/Bxpansion Racks:
2 1o Map

» 7 Controllr Setup

P i Motion Control Setup
¢ Cam Data Settings:
> Event Settings.
%, Task settings
7 Data Trace Settings

10 MWW T

ERLTOE [ A\ configurations and Setup =
roups.

lEercar 2

[Node Address|Network configuration

e il

|"[1 Servo Drives:
| 3 reauency Inverter

Ttem name igital 10

Address
Enable/Disable Settings
Serial Number
8 Show hdensoves
'RB3D-KNOIF-ECT Revi2.1

RABDKNG2H ECT R 1
R 0 £ G5 S S
| [ e ez e
o 02T 5 S s
PDOMap Setings  x6041:00. (| [ RasD kN0 ECT Rev2d
|| [ o o e 2 e
|| [y reme ozt pevas
| [ TR S e
RABD.KNOGF-ECT Rev:2.
I e <7 s Sers Srvers
| [ et rev2a
R 00 £ G5 S s
21

88D KNLOH-ECT Rev:2.1
RESD-KNIOH ECT G5 Series Servolri

[ Peserecr racat
| RESD-KNISOF ECT GS Series
Settin |
Setting Parameters - il
Edit Setting 1 ||| REBD-KN150H-ECT G5 Seri
| [y Resp-KuISFECT R
8D-KNISFECT G:

RBED-KNISH-ECT Rev:2.1
RESD-KNISH ECT G5 Seres ServoDri

RBED-KN2OF-ECT Rev:2.1
RESD-KNZ0F-ECT G

Distributed Clock Enable
Reference Clock

| e 2
UL et
| Model : RBSDKNOL ECT
| raic name - RBBD KNOLH &
| Revision
Vendor ;. OMRON Gororation
Cament 2000100 Sevrt
e — (=
Set a name for the slave.

Alvendors

| 3 Sevorves
| 3 reauency Inverter

ainpasolid Bunjeg sixy z-¢

alnpasold bues z-z-¢

v Configurations and Setup | Master

Master

£001
R88D-KNOTH-ECT Rev:2.1
R88D-KNO1H-ECT Rev:2.1
GX-ID1611+1D08 Rev:1.1
Enable/Disable Settings
» 7 Controller Setup Serial Number

P 5 Motion Control Setup
PDO Map Settings

Distributed Clock Enable ~ —
Reference Clock Exist
Setting

Edit Settin

7 Data Trace Settings
Setting Parameters

» Programming
Backup Parameter Settings

10 MWW T

G161 +
OCIDI61140D161 Rev:L1
Model : GXID1611+1D08
roduct name : GCIDIGA + 30

endor : OMRON Corporation
‘Comment : 2-ter terminal block
~Device name RL:
Seta name for the slave.
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3 Configuring Axes and Axes Groups

Adding Axes

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

E5] Sysmac Studio

EEX
FleEdt_\View Insert Project_Controller_ Simulation._ Tooks_Hep
1 7 i

=
L =1

Project

Grows
new 105010 [EEE

| Avendors
A\, Configurations and Setup. |
T
Address|Network configuration

» ) CPU/Expansion Racks
2 1o Map b
» 7 Controller Setup I - R88D-KNO1H-ECT Rev:2.1
W 35 Motion Control Setup ' Show hidden slaves|
GX-ID1611+ID08 Rev:1.1 |
¢ Aois Settings.

E001
R88D-KNO1H-ECT Revi2.1

‘Serial Number
> Event Settings. PDO Map Settings
%, Task settings:

7 Data Trace Settings | Distributed Clock Enable

I} Reference Clock

| PR —
I
]
I}
]

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

oG MW T

se
Backup Parameter Settings

Devicename —
Set a name for the slave.

' New Project - new_Controller_0 - Sysmac Studio

Toolbox

Groups

All groups

[ Terminal Coupler
Drives

Master

003
R88D-KNO1H-ECT Rev:21 [ GX-ID1611+ID08.
E002 Product name GX-ID1611 + XWT-L..
R88D-KNOIH-ECT Rev2.1 e 11 I ucney Lveder
PDO Communications... PDO Communicatio-.. = Analog 10
Node Address

;|
Enable/Disable Settings il oyt Keyword

Serial Number

Node2 : R88D-KNO1H-E |
GX-ID1611+ID08 Rev:1.1

» 7 Controller Setup 0x6120:01 257th tra..

fotion Control Setup PDO Map Settings 0x2002:01 512th tra..
siiniasi E GX-ID1611+ID08-1 ReviL1
Enable Distributed Clo.. =

Axes Group Setti Reference Clock EBdst E—ﬂ GXID1611+ID16 ReviL.1

Setting
Edit Setting Paramet Eﬂ GX-ID1611+ID16-1 ReviL.1

— e, Seting
Backup Parameter Set.. gt Backip Paramet IS oxisiieODmRertl
Data Trace Settings =

» Programming B GXIDIGH1+0008-1 RevL1

Device name
Seta name for the [ GXIDIGL1+0D16 Revi.1

/ Cam Data Settings Setting Parameters

[ GCIDI611-0D16 1 Revd
Model name : GX-ID1(
> x L[Z¥) Product name
rg Ren il
Vend
B Fiter Conment

Gutput

® Copying an Axis

You can also add an axis by copying the axis settings for an existing axis.
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3 Configuring Axes and Axes Groups

Assigning an Axis

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

New Project - new_Controller.0 - Sysmac Studio

File. . Edit. Vi

Toolbox
7 Allvendors
new Controller 0|+ ‘ | ‘ Master
Master Ttem name Value s
B
therCAT. R88D-KNOTH-ECT Rev:21 1611+1D08 H Servo Drives
E002 Product name. GX-ID1611 + XWT-L.
Revision 11
PDO Communications...  PDO Communicatio.
e Node Address
Enable/Disable Settings
Serial Number

ID-KNOIH-ECT Rev:21_

1

» I CPU/Expansion Racks
& 1O Map
» 7 Controller Setup
¥ 4 Motion Control Setup
v 4 Axis Settings
-

PDO Map Settings
Edit PDO Map Settin

Enable Distributed Clo... -
Reference Clock Exist
Setting

Edit Setting Paramet
Setting

Edit Backup Paramet

ainpaosold Bunyag sixy z-¢

Axes Group Settings ke
m Data Settings Cut
> Event Settings Copy.
I, Task Settings Delete
1 Data Trace Settings

» Programming Bz

Setting Parameters
Backup Parameter Set..

GXID1611+0D08-1 Revi11
~Device name.
Set a name for the slave. GXID1611+0D16 Rev:L.1

B GXIDIGL140DI6 Revid

Model name : GX-ID1!
L[E) Product name : GX-ID
= Revision: 1.1

Vendor: OMRON Col

Comment : 2-tier term

Output TEX

T S T e

= Toolbox

[<Search> |

alnpasold bues z-z-¢

Axis number

» © Nodel : R88D-KNOH-E Motion control  MCI: Primary periodic task v
» © Node2 : R88D-KNO1H-E Used axis v
» 1 Node3 : GX-ID1611+ID( Virtual Servo axis v

CPU/Expansion Racks Feedback control 5

VO Map Input device 1 > Channel

» 7 Controller Setup Input device 2 Channel

Input device 3 2 Channel

Output device 1 . Channel

Output device 2 [& > Channel

Output device 3 Channel

» Detailed Settings

s Aves Group Settings
& Cam Data Settings
> Event Settings
%, Task Settings
Data Trace Settings

» Programming

=]

Output

2 Select Servo axis in the Axis type Box.

Axis number
MCL: Primary periodic task v

Used axis v
Virtual Servo axis v

Motion control
Axis use

Axis type
Feedback control

Encoder axk

Input device 1
Input device 2
Input device 3

Virtual Servo
Virtual encoder axis

<iNOL assignea>

Channel
Channel
Channel
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3 Configuring Axes and Axes Groups

3-16

3 Select the Servo Drive to use.

This setting allows you to use a Servo Drive as an axis.

e Prore s e ConroNer 0. Syamec Studio

Iy
|+ @

Multiview b

ore Sl
s | - .
v Configurations and Setup.

S 8 Fibei AT, Axis number
» @ Nodel : R88D-KNOIH-£ r LEimETiE
» (© Node2 : R88D-KNO1H-£ Axis use
» 1 Node3 : GX-ID1611+ID( Axis type
» ) CPU/Expansion Racks Feedback control NG contioll6op
«* /O Map L Inputdevice1  [<Notassigned> Channel
» 7 Controller Setup Input de <K Channel
t ¥4 Motion Control Setup Input device 3 [ENNGEassigne Channel
Output device Channel
Channel
Channel

Output device 2

Output device 3 | Node 2 RBED-KNOTH-ECT(EOR) |

| N
Group Settings <Not assigned>

¢ Cam Data Settings » Detailed Settings
> Event Settings
W, Task Settings

Data Trace Settings

» Programming

Gutput

B Filter

I Setting Axis Parameters

Click each of the icons in the Axis Parameter Settings Tab Page.

The settings for each icon are displayed on the Axis Parameter Settings Tab Page.

{85 New Project - new_ Controler 0 - Sysmac Studio oo s
Fie Edt _View Insert Project Controllr _Simulation Tools _Eelp
[T
I

& G a
st goer——— 8] “chsmon x|

new_Controller) ‘ | ‘ 3 o
LU
7 Contgurstons snd sevp
¥ i EtnecAT v Uit
Unitof dispiay O pulse @ mm
¥ Travel Distance
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3 Configuring Axes and Axes Groups

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

< Configurations and Setup
[Axis Setting Table x + <

Axis Name 1 MC_Axis000(0)
. || s asic settings
s use Used axis

Axis type Servo axis
Feedback control No control loop

Input device 1
Channel

Input device 2
Channel

Input device 3
Channel

Output device 1
Channel

Output device 2
Channel

Output device 3
Channel

v Unit Conversion Settings
Unit of display pulse
Command pulse count per motor rotation 0000 pulse/rev
Work travel distance per motor rotation 10000 pulse/rev

v Operation Settings
Maximum velocity
Velocity warning value
Start velocity
Maximum jog velocity
Maximum acceleration

ainpaosold Bunyag sixy z-¢

Acceleration warning value

Maximum deceleration

Deceleration warning value
Acceleration/deceleration over [Use rapid acceleration/deceleration (8lending is changed to Buffered)
Operation selection at Reversing Deceleration stop
Positive torque warning value

Negative torque waming value

In-position range
In-position check time

Actual velocity filter time constant
Zero position range

M Precautions for Correct Use

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

alnpasold bues z-z-¢

@ Additional Information

Changing Axis Variable Names in the User Program

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

¢ Change the Axis Variable name in the user program.

Even if you change the Axis Variable names in the variable table, the Axis Variable names in the
user program do not change. An error will occur if you use a variable name that is not declared in
the variable table, in the user program. Always change the names in both places.
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3 Configuring Axes and Axes Groups

I Downloading to the Controller

Use the Synchronization menu command of the Sysmac Studio to download the project to the NY-
series Controller.

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

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

B New Projct - nw_Contole 0 - Sysmac Sudio i
File._Edit_View _Insert_Project._Controler_Si Tooks_telp

@ Additional Information

Introduction to Servo Drive Settings

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

Connectable Servo Drive Models

You can connect the R88D-1SNLIOLI-ECT, R88D-1SANOOO-ECT, R88D-KNLIO-ECT
and R88D-KNOLILI-ECT-L Servo Drives.

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

Servo Drive Settings

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

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

Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for the settings to
use NX-series Pulse Output Units.
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3 Configuring Axes and Axes Groups

3-3 Axes Groups

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

3-3-1 Introduction to Axes Groups

Use axes groups to perform complex operations on multiple axes, such as linear or circular interpola-
tion. An axes group consists of multiple axes. Use the Sysmac Studio to set Axes Group Variables to
enable execution of axes group motion control instructions or to enable access of the status of the axes
group. The MC Function Module can handle up to 32 groups. The specifications for axes groups are
shown in the following table.

Item

Specification

Number of axes groups

32 groups max.

Number of composition axes 4 axes max. per axes group

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

Configuration element

Description

Page

Axes group parameters

The axes group parameters set the maximum interpolation veloc-
ity, maximum interpolation acceleration/deceleration, and other
items for the axes groups controlled by the MC Function Module.
Use the Sysmac Studio to set the axes group parameters.

P. 3-20

Axes Group Variable

Axes Group Variables are system-defined variables that include a
portion of the axes group parameters as well as the command
interpolation velocity, error information, and other monitor informa-
tion for the axes groups controlled by the MC Function Module.
Axes Group Variables are created when you add an axes group
from the Multiview Explorer of the Sysmac Studio. The names of
the Axes Group Variables (called the Axes Group Variable names)
are set here.

P. 3-20

Specifying axes groups
in the user program

In the user program, motion control is implemented with motion
control instructions. Motion control instructions that perform multi-
axes coordinated control are used to create axes group com-
mands. To control an axes group with axes group commands,
specify the axes group variable name of the system-defined vari-
able or the axes group variable name that was set with the Sysmac
Studio for the AxesGroup in-out variable of the instruction.

P. 3-23
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3 Configuring Axes and Axes Groups

3-3-2 Introduction to Axes Group Parameters

® Axes Group Parameters

Classification

Parameter name

Axes Group Basic Set- | Axes Group Number

tings

Axes Group Use

Composition

Composition Axes

Axes Group Operation | Maximum Interpolation Velocity

Settings

Maximum Interpolation Acceleration

Maximum Interpolation Deceleration

Interpolation Acceleration/Deceleration Over

Interpolation Velocity Warning Value

Interpolation Acceleration Warning Value

Interpolation Deceleration Warning Value

Axes Group Stop Method

Correction Allowance Ratio

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

® Settings Required to Use an Axes Group

The following settings must be made to use the axes groups that are created with the Sysmac

Studio.
Classification | Parameter name Setting Page
Axes Group Axes Group Axes group numbers are automatically set in the P. 5-31

Basic Settings | Number

order that the axes groups are created.

Axes Group Use

Select Use.

Composition

Select the axis composition to control.

Composition Axes

This parameter sets the axes to assign to the axes
group.

EI Precautions for Correct Use

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

3-20
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3 Configuring Axes and Axes Groups

3-3-3 Introduction to Axes Group Variables

Axes Group Variables are system-defined variables for the setting information and the monitoring infor-
mation, such as the actual position and error information, for the axes groups controlled by the MC
Function Module. When you create axes groups with the Sysmac Studio, Axes Group Variables are
registered in the variable table in the order that the axes groups are created. Axes Group Variables are
structures with a data type of _sGROUP_REF.

I Axes Group Variable Names

Each Axes Group Variable in the MC Function Module has two variable names: The Axes Group
Variable name in the system-defined variables and the Axes Group Variable that is assigned when
the axes group is added on the Sysmac Studio. The Axes Group Variable names in the system-
defined variables are _ MC_GRP[0]to _MC_GRP[31].

When you add axes groups on the Sysmac Studio, MC_Group000 to MC_Group031 are set by
default for  MC_GRP[0] to _MC_GRP[31]. The numbers are assigned in the order that the axes are
added. You can change each of these Axes Group Variable names as required from the Sysmac
Studio.

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

® Example When _MC_GRP[0-31] Is Used

Axes Group Variable name in the .
systm-dofined varibles (AT speci. | DSfaUtAxes Oroup fariable namg when | Axes roup umber
fication in global variable table™) grotip y P
_MC_GRPJ0] MC_Group000 Axes group 0
_MC_GRP[1] MC_Group001 Axes group 1
_MC_GRP[31] MC_Group031 Axes group 31

*1  An error will occur if you change the names in the AT column in the global variable table on the Sysmac Studio.
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3 Configuring Axes and Axes Groups

3-22

Examples of Axes Group Variable Levels and Changing Axes Group

Variable Names

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

other axes group variables.

_MC_GRP[0]
_MC_GRP[0].Status

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

_MC_GRPJ0].Cfg
_MC_GRPJ0].Cfg.GrNo
_MC_GRPJ0].Cfg.GrEnable

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

_MC_GRPJ0].Kinematics.Axis[3]
_MC_GRP[1]

Axes Group Variables
Level that indicates the axes group status

Level that indicates the axes group command values
Variable that indicates the command interpolation velocity

Variable that indicates the command interpolation accelera-
tion/deceleration rate

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

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

Variable that indicates the axis A0 composition axis

Variable that indicates the axis A3 composition axis

Axes Group Variable

Example: If MC_Group000 is changed to MyGroup1, then either MyGroup1.Cmd.Vel or
_MC_GRP|0].Cmd.Vel can be used as the variable that indicates the command inter-

polation velocity.

Refer to Axes Group Variables on page 6-30 for details on Axes Group Variables.
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3-3-4 Specifying an Axes Group in the User Program

In the user program, an axes group variable name is specified for the in-out variable AxesGroup in
motion control instructions. In the following example, the Axes Group Variable name for the axes group
that was added for the system-defined Axes Group Variable name of _MC_GRP|0] has been changed
to MyGroup1 in the Sysmac Studio.

In-out variable AxesGroup
‘\ MC_MovelLinear_instance

w
. &
gfssgyvaa?iﬁt):lis _\ \ MC_MoveLinear 2
name. MyGroup1 =< AxesGroup —— —— AxesGroup f= MyGroup1 g
] | Execute Done f= MyGroup10nDone é
MovL Start = Position Busy = MyGroup10nBusy b
= \elocity Active = MyGroup10OnActive
= Acceleration CommandAborted = MyGroup1OnCA
= Deceleration Error = MyGroup1OnError
= Jerk ErrorID f= MyGroup1OnErrorID
== CoordSystem
= BufferMode
= TransitionMode
= MoveMode

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

Refer to the instruction descriptions in the NY-series Motion Control Instructions Reference Manual
(Cat. No. W561) for details on motion control instructions.

welboid Josn ay} ul dnois) sexy ue Bulkyoads 4-g-¢
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3-4 Setting Procedures for Axes Groups

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

START

| Start the Sysmac Studio. |

|Add an axes group. |

| Set the axes group parameters. |

| Go online and synchronize the data. |

| Transfer the project to the Controller. |

END

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

I Starting the Sysmac Studio

1 Start the Sysmac Studio and open the project.

% offline

ﬁ New

i Projects

New Project
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I Adding an Axes Group

1 Right-click Axes Group Settings in the Multiview Explorer and select Axes Group Settings
from the Add Menu.

] Sysmac Studio. (B[]

1A KT A

[y = v

),

sdnolg saxy 10} sainpasold Buies p-¢

00 MO T

An axes group is added to the Multiview Explorer. The default name for the new axes group is
MC_Group000.

B8 New Project - new_Controller 0 - Sysmac Studio olie &

N

|
|
|
alnpasold bues z-y-¢

new Controller 0| v |

W 7 EtherCAT
» (© Nodel : R88D-KNO1H-EC
» () Node: 88D-|

> Programming

® Copying an Axes Group

You can also create an axes group by copying an axes group from a project.
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Setting Axes Group Parameters

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

New Project - new, Controler.0 - Sysmac Studio

T T W, ST T

Toolbox

new_Controller 0 v l

W i EtherCAT
» (© Nodel : R88D-KNO1H-EC
» (© Node2 : R88D-KNO1H-EC
[ lode3 : GX-ID1611+ID08
CPU/Expansion Racks
& JOMap

%, Task Settings
Data Trace Settings

Gutput

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

e e e - ==

T S S S R

- -
new_Controller 0 v I 3 @

)
Configurations and Setup

W 7 EtherC. Axes group number
» © Nodel:R88D-KNOIH-EC | /TN Motion control  MCI: Primary periodic task v
» © Node2 -KNO1H- Axes groupuse  |Uniised axes group v
» < Node3 : GX-ID! Composition  [2i8E

» = CPU/Expar s Select the axes composing an interpolation axes group.
# /O Map

i s ::g((‘;:vu axed Composition axes
xis 4>

Motion Control Setup e

¢ Cam Data Settin
> Event Setting
W, Task Setti

Data Trace Settings

> Programming

Gutput

H Filter

2 Select Used axes group in the Axes group use Box.

New Prject - new_Controller 0 - Sysmac Studio b -

T T Y

EE

Axes group number
:RESD-KNOIH-EC |43 Motion control |MCI: Primary periodic task v
88D-KNOLH-EC Axes group use  |Unsed axes group v
Composition | Unused axes group
» ) CPU/Expa s Select the axes compo:
& 1O Map

» A Controller Setup cal axed_Composiion axes

' 3 Motion Control Setup. — .

roup Settings

| % MCGroup000 (OMCY)
¢ Cam Data Settings
> Event Settings

> Programming

Gutput

H Filter il
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3 Select the composition of the axes group in the Composition Box. A 2-axis composition is
selected in the following example.

/B New Project - new_Controller_0 - Sysmac Studio

2| Toolbox

[<Search> |

Multiview Expl

new Controller 0 | v | Ej
R
¥ 5 EtherCAT
» © Nodel : R88D-KNOIH-EC |/ Motion control
» © Node2 : R88D-KNOTH-EC Axes group use
» <1 Node3 : GX-ID1611+1D08 Composition
CPU/Expansion Racks Select the mies corm
£ 10 Map
» 12 ControllerSetup TS (NA:X; —
W £ Motion Control Setup =
et ! AxisAl  [<Notassigneds| v

Axis000 (OMC1)

Axes group number

sdnolg saxy 10} sainpasold Buies p-¢

Output

4 Assign the axis to use in the Logical axes Box.

e Project - new, Controler.0 - Sysmac St

S e b D ol Gt o oot

» Toolbox

new_Controller 0 v | i:j
| Configurations and Setup

v 75 EtherCAT Axes group number
» (@ Nodel: R88D-KNO1H-EC Motion control
Node2 : R88D-KNOIH-EC Axesgroupuse  USedaxesgroup] v
Node3 : GX-ID1611+1D08 Composition  [2akes v
=) CPU/Expansion Racks Select the axes composing an interpolation axes group.
VO Map
» 1 Controller Setup
tion Control Setup
Settings
x MC_Axis000 (0,MC1)
Axes Group Settings

MCI: Primary periodic task v

alnpasold bues z-y-¢

cal axes Composition axes
JAGIN '<Not assigned> v
Axis AL

¢ Cam Data Settin
> Event Settings
¥, Task Settings
Data Trace Settings

Gutput

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

E5] Sysmac Studio

New Project

new_NIS01_0

» 51 CPU/Expansion Racks. v Interpolation Velocity/Interpolation Acceleration/Interpolation Deceleration
S 1/oMap Maximum interpolation velocity pulse/s Interpolation velot
B Controler Schp S Maximum interpolation acceleration [NNNNC] Puise/s~2 Interpolation accelerat |
M A ) I Maximum interpolation deceleration [N pulse/s~2 Interpolation decelerat
i Interpolation acceleration/deceleration over Use rapid acceleration/deceleration(Blending is changed ti |
MC_ S0 (0) Axes group stop method Tmmediate Stop. v
MC_Aus001 (1)
v £ Aes Group Settings: v Interpolation
¥ % MC_Grouwp000 0) Correction allowance ratio ] %
MC_Ac000 (
me_ oo (| |

1L
z
i
2
§

¢ Cam Data Settings
> Event sttngs
¥, Task Setings
7 Data Trace Setings Il
» Programming Il
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3-28

@ Additional Information

Changing Axes Group Variable Names in the User Program

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

¢ Change the Axes Group Variable name in the user program.

Even if you change the Axes Group Variable names in the variable table, the Axes Group Vari-
able names in the user program do not change. An error will occur if you use a variable name
that is not declared in the variable table, in the user program. Always change the names in both
places.

I Downloading to the Controller

Use the Synchronization menu command of the Sysmac Studio to download the project to the NY-
series Controller.

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

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

E

r).
transferred when this option s changed.
of synchronization scope).

Status Monitor

ONUNE ®  192.168.250.1
ERR/ALM @  PROGRAM mode
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Checking Wiring from the Sysmac
Studio

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

4-1 Functions ofthe Sysmac Studio ................... .. it 4-2
4-1-1 MC Test Run Function .. ... ... ... . . . 4-2
4-1-2  Application Procedure .. ...... ... ... 4-4
4-1-3  Axis Parameter Setting Example .. ........ ... .. ... ... . . ., 4-5
4-1-4  Startingthe MC Test Run Function ......... ... .. ... ... ... ......... 4-6

4-2 Monitoring SensorSignals .............. it i 4-7

4-3 Checking Motor Operation ................cciiiiitiiinrnnnnnnnnns 4-8
4-3-1 Turning ONthe Servo . ... . . e 4-8
4-3-2 JOgging .. 4-8
4-3-3 HOMINg ... 4-9
4-3-4  Absolute Positioning . ........... .. 4-10
4-3-5 Relative Positioning . . ... . 4-11
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4-1

This section describes how to use the MC test run function to check wiring and basic settings. You can

Functions of the Sysmac Studio

use the MC test run function in the Sysmac Studio to check wiring without any programming.

4-1-1

MC Test Run Function

The MC test run operation supports the following functions.

Category

Function

Description

Setting/monitor item

Axis operation

Deceleration
stop

A deceleration stop is performed during the MC
Test Run.

Servo The Servo is turned ON and OFF.

ON/OFF

Resetting The errors in the MC Function Module are -

errors reset.

Jogging Jogging is performed in the positive or negative | Target Velocity

direction.

Acceleration/Deceleration

Absolute posi-
tioning

Absolute positioning is performed.”

Target Position

Target Velocity
Acceleration/Deceleration
Jerk

Relative posi- | Relative positioning is performed. Travel Distance

tioning Target Velocity
Acceleration/Deceleration
Jerk

Homing Homing is performed using the homing parame- | Homing Parameters

ter settings.

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559)



4 Checking Wiring from the Sysmac Studio

Category Function Description Setting/monitor item
Monitoring Error list The errors in the MC Function Module are mon- | MC Common Errors
itored. Axis Errors

Axes Group Errors

Axis status The status of the axes is monitored. Axis Ready-to-execute
Standstill

Discrete Motion
Continuous Motion
Homing

Stopping

Home Defined

In Home Position

Actual posi- The actual position is monitored. Command and Actual Cur-
tion monitor rent Positions
Actual veloc- | The actual velocity is monitored. Command and Actual Cur-
ity monitor rent Velocities
Servo Drive The status of the Servo Drive is monitored. Servo ON/OFF
status Servo Ready

Main Power

Input signals The status of the input signals are monitored. Positive Limit Input
Negative Limit Input
Immediate Stop Input
Home Proximity Input
Home Input

External Latch Inputs 1 to 2

* When the Count Mode of the axis is set to Rotary Mode, positioning is performed toward the target position in the
positive direction. For details, refer to the MC_MoveAbsolute (Absolute Positioning) instruction in the NY-series
Motion Control Instructions Reference Manual (Cat. No. W561).

Note You can use MC Test Runs for OMRON 1S-series Servo Drives, G5-series Servo Drives, or NX-series Pulse
Output Units. Do not use it with servo drives from any other manufacturer.
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4 Checking Wiring from the Sysmac Studio

4-1-2 Application Procedure

4-4

Before you perform an MC Test Run, check the following two items.
* Are the Sysmac Studio and Controller connected and are they online?
¢ |s the MC Test Run Mode currently in use from any other copy of the Sysmac Studio?

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

START
Section 3 Configuring Axes and

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

|

| Section 4 Checking Wiring

Starting the MC |Start the MC test run function. from the Sysmac Studio
test run function \I/ 4
Checking wiring |Confirm sensor wiring. |

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

Checking electronic

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

Confirming homing |Perform homing to check the homing operation. |

m Precautions for Correct Use

* When one of the following operations is performed for a command from the Sysmac Studio,
the Servomotor will operate at the set velocity: Servo ON, jogging, relative positioning, abso-
lute positioning, or homing. Always confirm that it is safe for the Servomotor to operate before
executing any of these operations.

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

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

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

@ Additional Information

You can perform the following operations to end the MC test run function at any time.
» Select MC Test Run — Stop from the Controller Menu of the Sysmac Studio.

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

¢ Close the MC Test Run Tab Page on the Sysmac Studio.
¢ Exit the Sysmac Studio.

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

4-1-3 Axis Parameter Setting Example

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

Servomotor

Encoder resolution: 20 bits/rotation .
1 rotation

M Ball screw
| Ball screw pitch: 10 mm

|® o " T T R |

<

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

o1pn}s sewsAg 8y} Jo suoiduny |-y

Parameter name Setting
Axis Variable Name Axis1™1
Axis Number 1*2
Axis Use Used axis
Axis Type Servo axis
Input Device/Output Device 1*3 N
Unit of Display um 5
Command Pulse Count Per Motor Rotation 1,048,576™4 z
Work Travel Distance Per Motor Rotation 10,0004 :P
Maximum Velocity 500,000 %
Maximum Jog Velocity 50,0006 FZD:
Maximum Acceleration 5,000,000"7 %
Maximum Deceleration 5,000,000"7 Eﬂ
Software Limits Immediate stop for command position -3
Positive Software Limit 500,000"8 ’
Negative Software Limit 08
Count Mode Linear Mode

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

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

*4  The position command unit will be 1 pm.
*5 The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 um/s.
*6 The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 um/s.
*7 The maximum acceleration and the maximum deceleration will be 5 m/s2.
The acceleration time to the maximum velocity (3,000 r/min) will be 0.1 s.

*8 Set a value that is within the movable range of the device.
The positive software limit is set to 50 cm = 500,000 pum.
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4 Checking Wiring from the Sysmac Studio

4-1-4 Starting the MC Test Run Function

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

1 Start the Sysmac Studio and open a project in which the axis settings are completed.
2 Select Online from the Controller Menu. The Sysmac Studio goes online with the Controller.

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

E5] Sysmac Studio

New Project

» BCD Conversion

v Configurations and Setu|

¥ Bit String Processing

» Communications
» Comparison

» Conversion

» Counter

» Data Movement
B Update U Unit ame... » Data Type Conversion
Securty

lar Al Memory...
Reset Controler..

000 Mo T

¥ Motion Control
» Other

&N Memory Card

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

O ey
‘operation manuz !bafure ‘executing this function. Especially, pay attention to the following:

st the opcratonbefor abishing the EthrcAT
AR

ring the operation, only the commands from Sysmac Studio are accepted. All commands from the CPU Urit
et

Before executing the operation, confirm that the axis numbers of the target aves are correct.

‘Operation wil be started. Are

oK

E5] Sysmac Studio

Ele_Edit_View Insettproject  Controller_ Simulation._ Tooks e

1 ™ = N
1A X B

1 L = A

X\ Configurations and Setup

‘ ' ‘ MC Test Run

v Configurations and Setup “*‘5 selction HC_AE000ONNodE 10) ¥

[Newproect [ —————————E S,

| status

| s ready-to-esecuts Axis disabled

| Standstill Discrete motion Contintious motion Horming

i Stopping Ertor stopping Home defined In home position
| Motion error list

| T— | _ ‘

Countermeasur
e and remedy

T X

| 1921682501 |

[ERRAM ©  RUNmode |

00 MO T
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4 Checking Wiring from the Sysmac Studio

4-2 Monitoring Sensor Signals

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

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

] Sysmac Studio. (B[]
Fle it View et Proect Contoler_Simulation. Tods. el

™ = “
T
1 L = A

Axis selection MC_Axis000(0)(Node 10)
EETa '/ >i=000(0)(Node 10)
s rea
Standstil Discrete motion Continious motion Homing
Stopping Erfor stopping Home defined In horme position
Motion error list

Event LevellSourcelMessage Namel | Message details

Countermeasur

e and remedy

1L
z
i
2
§

Test Run

sjeubig Josuag Buuoyuoy z-v

Servo ON
Drive status
|| command current posito [ ]o's>  Positive limit input Home input
Actual current position puise  Negative limit input Servo ready on
Emmeneieesst ohrmp e Wain power on
Actual current velocity | uis/s  Home proximity input Drive error input ~ OFF
Latch input 1 Drive warning input COFE
Latch input 2

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

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

4-3-1 Turning ON the Servo

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

1

Select the axis for which to turn ON the Servo.

] Sysmac Studio. (B[]

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

3 Click the Servo OFF Button to turn OFF the Servo.

14|

Precautions for Correct Use

When one of the following operations is performed for a command from the Sysmac Studio,
the Servomotor will operate at the set velocity: Servo ON, jogging, relative positioning, abso-
lute positioning, or homing. Always confirm that it is safe for the Servomotor to operate before
executing any of these operations.

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

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

If you use an NX-series Pulse Output Unit, you must provide a separate means to turn the
power supply to the motor drive ON and OFF. Refer to the NX-series Position Interface Units
User’s Manual (Cat. No. W524) for details.

4-3-2 Jogging

1 Select the axis to jog on the Jogging Tab Page of the MC Test Run Tab Page.

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

3 Enter the target velocity, acceleration rate, and deceleration rate, and then press the Apply But-
ton.
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4 Checking Wiring from the Sysmac Studio

4 Ciick the [F] or Button.

The motor will operate in either the positive or negative direction while one of these buttons is
clicked. Check to see if the motor operates in the set direction.

4-3-3 Homing

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

2 Click the Homing Tab on the MC Test Run Tab Page.

The following dialog box is displayed.

FleEdt View Insert Project Controller Simulation Tools telp.

MC Test Run B+
is selection MC_Axis000(0)(Node 10) v
Status
| s veadyto-execite ‘s disabled
\‘ Standstill Discrete motion Continuous motion Homing
{‘ Stopping Error stopping Home defined In home position
H Motion error list

Event LevellSourcelMessage Namel | Message details

Countermeasur

‘ and remedy

e |
| =t
v @ pous I
v [ Programs H Drive status
it || command curent posico S uise  Posiove it nput Vome lngnt or
|| Actual current position pulse  Negative limit input. Servo ready ON
|| command curent veoc s immedise top nput Main power on
|| Actuat current vetocry ] vise/s ~ Home proximity input e v it

Servo ON

10 MWW T

Latch input 1 Drive warning input (OFF
Latch input 2

g

Homing Settings

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

Click the Apply homing parameters Button.

OOAW

Click the E] Button.
Check to see if the homing operation agrees with the settings.

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

 If the homing parameters were set in advance, click the Apply homing parameters Button to
apply those settings.
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4 Checking Wiring from the Sysmac Studio

4-3-4 Absolute Positioning

4-10

1 Click the Absolute positioning Tab on the MC Test Run Tab Page.

The following dialog box will appear.

Fle Edt View Insert Project Controler Simulation Tools fielp
1
|

New Project

[

|| Axis setectior -
v Configurations and Setup |[ia== n IMIC_Axis000(0)(Node 10)

|| status
s ready-to-execute Ais disabled
Standstill Discrete motion Continuous motion Homing
Stopping Error stopping Home defined In home position
Motion error list
| Message details

|| Event LeveliSourcelMessage Name!
|

Countermeasur
and remedy

Settings
| TestRun
v i Pos 1 e
| prive status
Command current positio - Is=  Positive limit input Home input
Actual current position |- /s> Negative limit input Servo ready
| Grmeereers, obreg s S —
Actual current velocity | uise/s  Home proximity input Drive error input

Latch input 1 Drive wamning input < OFF:

I«
z
i
2
§

Latch input 2
Target positon| fpuise
Target velocity ipulse/s
Acceleration pulse/s~2

||| peceleration pulse/s~2
Jerk [ Jpulse/s~3

Select the axis to perform absolute positioning.
Click the Servo ON Button to turn ON the Servo.

Enter the target position, target velocity, acceleration rate, deceleration rate, and jerk, and then
click the Apply Button.

O AWN

Click the @ Button. Absolute positioning will start.
Check to see if positioning agrees with the settings.
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4-3-5 Relative Positioning

1 Click the Relative positioning Tab on the MC Test Run Tab Page.

The following dialog box will appear.

(] Sysmac Studio |

Fle Edt View Insert Project Controler Simulation Tools fielp

[

| s selectior —
TR || s selection c_asso00(0)(Node 10)
—

|| status
| < axis ready-to-execiite: i disabled
I Standstil Discrete motion Continuous motion Homing
I Stopping Error stopping Home defined In home position
| Motion error ist

|| Event Levelisourceimessage Namet | Message details

Countermeasur
and remedy

=]

||t

v @ Pous E

uonesadQ Jojol Bunjoayo ¢-

| orve status
Command current postio e /s> Postve lmitinput  ON  Home input oFF
Actual curent position | )e-is>  Negative lmitinput  ON  Servo ready on
| command current veloc T is=/s  immedite stop input Main power on

Actual current velocity | /s</s Home proximity input COFE Drive error input  COFF:
Latch input 1 OFF) Drive warning input C:OFE

Latch input 2 OFF

|
H
{
g
i

joggin
Target distance pulse
|| Target velocity| ipulse/s
celeration pulse/s~2

HIEZS | pulse/s~3

| ——

Select the axis to perform relative positioning.

Buluonisod aAneeY G-¢-

Click the Servo ON Button to turn ON the Servo.

Enter the target travel distance, target velocity, acceleration rate, deceleration rate, and jerk,
and then click the Apply Button.

QO ANWN

Click the @ Button. Relative positioning will start.
Check to see if the travel distance agrees with the settings.
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Motion Control Parameters
]

This section explains about axis parameters and axes group parameters used for
motion control.

5-1 Introduction . ......... ... ...t i i 5-2
5-2 AxisParameters ......... ... e e e 5-5
5-2-1 Axis Parameters .. ... ... ... 5-5
5-2-2  AxisBasic Settings . ....... .. 5-7
5-2-3  UnitConversion Settings . ........... 5-10
5-2-4  Operation Settings . ......... .. .. 5-17
5-2-5  Other Operation Settings .. ......... ... .. ... . . . 5-21
5-2-6  Limit Settings .. ... . 5-22
5-2-7  Position Count Settings .. .......... .. 5-22
5-2-8 ServoDrive Settings . ....... ... 5-24
5-2-9 Homing Settings . ... ... 5-25
5-2-10 Axis Parameter Setting Example .. ......... ... ... ... . ... . .. 5-27
5-3 Axes Group Parameters ............. ... 5-30
5-3-1 Axes Group Parameters ......... ... .. . .. ... 5-30
5-3-2 Axes Group Basic Settings ............. ... .. ... 5-31
5-3-3  Axes Group Operation Settings .. ........... .. ... . ... .. 5-33
5-3-4 Enabling an Axes Group . ... ..ot 5-35
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5 Motion Control Parameters

5-1

Introduction

You can use motion control instructions to perform single-axis operations and multi-axes operations on

axes
used
if you

groups with the NY-series Controller's MC Function Module. Axis and axes group parameters are
to set these operations. Axis parameters must be set, but axes group parameters are not required
do not use multi-axes operations for axes groups.

These parameters are called motion control parameter settings (MC parameter settings).

Sysmac Studio

NY-series Controller

A
' Downloaded.*2
: * After the Temporary
: Non-volatile memory Zet’t\m?s greii — Main memory — changes to some — User program —
P . V\(/)h oaces parameters MC_Write instruction
P MC common parameter settings*1 turneer::l %)":IV €r1S 1 MC common parameter settings*1 |[<-----=-------~ -1 or other instructions
- Axis parameter settings |[~""" """ """ *>| Axis parameter settings |[* 77T “1MC_WriteAxisPara
, - - Temporarily meter/MC_ReadAx
1---4-- ]| Axes group parameter settings Axes group parameter settings isParameter
Uploaded.*2 changes/reads to instructions
some axis
parameter settings
[ Accessing some »| Data movement or
ccessing some other instructions
parameters as
\ variables
*1  There are no MC Common Parameter Settings for the current version of the MC Function Module.

*2 Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

I Data Flow for Setting MC Parameters

Download your MC Parameter Settings to the NY-series Controller using the Sysmac Studio to
save those settings in the non-volatile memory in the Industrial PC. When you upload the MC
Parameter Settings to the Sysmac Studio, the MC Parameter Settings that were saved in the non-
volatile memory are uploaded.

The settings that were saved in the non-volatile memory are applied to the main memory after you
download them or when the power is turned ON.

If there are no problems with the saved settings, the MC Function Module executes control based
on the settings in the main memory.

The settings of some of the parameters can be accessed as system-defined variables for motion
control.

You can upload and download MC parameter settings regardless of the NY-series Controller
mode or the status of the MC Function Module.

When you start the download process, all axes in motion will stop immediately.
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¥ Version Information

If an NY-series Controller with unit version 1.14 or later and Sysmac Studio version 1.17 or
higher are combined, commands to the 1/0 devices can continuously be sent even when the
download process is in progress.

For the NY-series Controller with unit version 1.12 or earlier, sending commands to the I/O
devices is stopped when the download process is executed.

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No.
W558) for how to set to stop or continue sending commands to the 1/0O devices when the down-
load process starts.

Stopping sending commands to 1/O devices

Servo is turned OFF during the download, and the axis status will be Disable (Axis Dis-
abled).

Continuing sending commands to /O devices

The following status immediately before downloading is maintained during the download:
the Servo ON state for the MC_Power instruction and the output torque limit for the MC_-
SetTorqueLimit instruction.

The Servo ON state and torque limit are maintained even if the MC_Power and MC_Set-
TorqueLimit instructions are deleted from the user program after the program is updated by
downloading.

uononponu| |-G

I Overwriting MC Parameters with Programming Instructions

* You can use motion control instructions like the MC_Write (Write MC Setting), MC_ChangeAxes-
InGroup (Change Axes in Group) or MC_WriteAxisParameter (Write Axis Parameters) instruction
to change the settings of some of the MC parameters in the main memory while the user program
is running.

* If the specified set value is outside the valid range, the Error output variable from the instruction
changes to TRUE and the MC parameter setting is not changed.

* Changes to MC parameter settings become valid in either of the following two situations.

* The axis or axes group is stopped and you execute an instruction for an axis command or
axes group command.

* You set the Buffer Mode Selection for the instruction to Aborting and execute more than one
instruction.
* For details on MC_Write (Write MC Setting), MC_ChangeAxesInGroup (Change Axes in Group),
MC_WriteAxisParameter (Write Axis Parameters) and other instructions, refer to the NY-series
Motion Control Instructions Reference Manual (Cat. No. W561).

|E| Precautions for Correct Use

* Changes to the MC Parameter Settings that are made with the MC_Write (Write MC Setting)
instruction are saved in the main memory in the Industrial PC. They are not saved in the built-
in non-volatile memory in the Industrial PC. Therefore, if you cycle the power supply or down-
load the settings from the Sysmac Studio, the parameter settings in the non-volatile memory
are restored. Also, you cannot upload the data in the main memory from the Sysmac Studio. If
you need to save settings to the non-volatile memory, use the Sysmac Studio to change the
parameter settings and then download those settings to the NY-series Controller.

¢ To maintain the MC_Power (Power Servo) and MC_SetTorqueLimit instructions after down-
loading, set Retain attribute of the input bits for the instructions to Retain.

* You can use the following instructions to change the settings of the MC parameters.
¢ MC_Write (Write MC Setting) instruction
* MC_ChangeAxesInGroup (Change Axes in Group) instruction
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5 Motion Control Parameters

* MC_ChangeAxisUse (Changing Axis Use) instruction
* MC_WriteAxisParameter (Write Axis Parameters) instruction

¢ Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information
on using the NX-series Position Interface Units.
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5-2 Axis Parameters

5-2-1

5 Motion Control Parameters

The axis parameters set the maximum velocity, jerk, homing, and other items for the axes controlled by
the MC Function Module.

The number of axis parameters provided is the same as the maximum number of controlled axes for
each model. The maximum number of controlled axes varies depending on the model. Refer to 1-4-2
Performance Specifications on page 1-6 for details.

The same parameter settings are provided for each axis. This section describes only the parameters for

axis 1.

Axis Parameters

Use the Sysmac Studio to set the axis parameters for each axis.

*1
Classification Parameter name —eey :':p’:i‘:le Rc-eadingi Page
Support | | L variables*2
instruction
Axis Basic Axis Number --- --- OK P. 5-7
Settings Axis Use oK MC_ChangeA | OK
xisUse

Axis Type --- --- OK

Input Device/Output Device - - OK
Unit Conver- Unit of Display OK MC_WriteAx- | OK P. 5-10
sion Settings [ command Pulse Count Per Motor Rota- isParameter’3 | oK

tion

Work Travel Distance Per Motor Rotation OK

Reducer Use -

Work Travel Distance Per Rotation -

Work Gear Ratio -

Motor Gear Ratio -
Operation Set- | Maximum Velocity OK MC_WriteAx- | --- P. 5-17
tings Start Velocity isParameter™3 [ __

Maximum Jog Velocity -

Maximum Acceleration -

Maximum Deceleration -

Acceleration/Deceleration Over ---

Operation Selection at Reversing -

Velocity Warning Value OK MC_Write ---

Acceleration Warning Value MC_WriteAx- | ---

Deceleration Warning Value isParameter’3 [

Positive Torque Warning Value™ -

Negative Torque Warning Value*4 --

In-position Range OK -

In-position Check Time OK -
Operation Set- | Actual Velocity Filter Time Constant OK MC_WriteAx- | --- P. 5-17
tings Zero Position Range isParameter’3 | __
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5 Motion Control Parameters

Temporary changes™

Classification Parameter name Support Applicable V;?:;‘:g 5 | Page
instruction

Other Opera- | Immediate Stop Input Stop Method OK MC_WriteAx- | - P. 5-21
tion Settings '\ jmit Input Stop Method isParameter'3 [ ___

Drive Error Reset Monitoring Time -

Maximum Positive Torque Limit -

Maximum Negative Torque Limit -

Immediate Stop Input Logic Inversion -

Positive Limit Input Logic Inversion -

Negative Limit Input Logic Inversion -

Home Proximity Input Logic Inversion -
Limit Settings | Software Limits OK MC_Write --- P. 5-22

Positive Software Limit MC_WriteAx- | ---

Negative Software Limit isParameter3 |-

Following Error Over Value -

Following Error Warning Value -
Position Count | Count Mode OK MC_WriteAx- | - P. 5-22
Settings Modulo Maximum Position Setting Value isParameter3 [ ¢

Modulo Minimum Position Setting Value OK

Encoder Type
Servo Drive Modulo Maximum Position Setting Value | --- --- - P. 5-24
Settings Modulo Minimum Position Setting Value | --- - -

PDS State Control Method - - -
Homing Set- Homing Method OK MC_WriteAx- | --- P. 5-25
tings isParameter3 | __

Home Input Signal

Homing Start Direction

Home Input Detection Direction

Operation Selection at Positive Limit
Input

Operation Selection at Negative Limit
Input

Homing Velocity

Homing Approach Velocity

Homing Acceleration

Homing Deceleration

Homing Jerk

Home Input Mask Distance

Home Offset

Homing Holding Time

Homing Compensation Value

Homing Compensation Velocity

*1  This column indicates if you can use instructions to temporarily change the settings.

*2 Indicates whether you can access the parameter with a system-defined variable for motion control in the user

program.

*3 The parameters that can be temporarily changed with the MC_WriteAxisParameter instruction can be read
with the MC_ReadAxisParameter instruction.

*4 This parameter is enabled only for torque control.
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5 Motion Control Parameters

Refer to 3-2 Axis Setting Procedure for details on how to set axis parameters.
For details on instructions including the MC_Write (Write MC Setting) instruction, refer to the NY-series
Motion Control Instructions Reference Manual (Cat. No. W561).
Refer to 6-6 System-defined Variables for Motion Control for information on system-defined variables

for motion control.

5-2-2 Axis Basic Settings

The Axis Basic Settings are used to set whether to use the axis. If you use the axis, set the axis type
and the node address of the EtherCAT slave device.

Parameter name

Function

Setting range

Default

Axis Number

Set the logical number of the axis. This number spec-
ifies which of the following system-defined variables
to use:_MC_AX]|0] to _MC_AX[63].

Axis Use

Set whether to enable or disable the axis."
0: Undefined axis

1: Unused axis"2

2: Used axis

Oto2

Axis Type

Set the axis type. I/0 wiring is not required for virtual
axes.

0: Servo axis

1: Encoder axis

2: Virtual servo axis

3: Virtual encoder axis

Oto3

Input Device/Output
Device

Specify the node address of the EtherCAT slave
device that is assigned to the axis. "3

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

0 to 65535

*1 Busy (Controlling) changes to TRUE if you execute a motion control instruction for an undefined or unused
axis. Busy changes to FALSE when Execute or Enable changes to FALSE. You can set axes as unused axes
to enable using the same user program for different axis configurations without the need to delete program-
ming for axes that are not used.

*2 Unused axis (changeable to used axis) and Unused axis (unchangeable to used axis) are displayed by the
Sysmac Studio. If you set Unused axis (changeable to used axis), you can set the axis parameters and use the
MC_ChangeAxisUse (Change Axis Use) instruction to temporarily change the setting of the Axis Use axis
parameter. Refer to 9-8-10 Changing Axis Use for details.

*3 For an NX-series Position Interface Unit, select the node address of the EtherCAT Coupler Unit and the NX
Unit number of the Position Interface Unit.

EI Precautions for Correct Use

Using Absolute Encoders

When absolute encoders are used, the absolute encoder home offset for each axis is saved to
the non-volatile memory along with the axis number. The saved offset is lost if the axis number is
changed. If you change the axis number, set the Homing Settings again.
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5 Motion Control Parameters

I Axis Numbers

The number that you can set for axis numbers is the maximum number of controlled axes. The number
of real axes that you can change to used axes is the maximum number of used real axes.

Item NY502-C150000 | NY5O2-C140000 | NY502-C01300C0
Settable axis numbers 0to 63 0 to 31 0to15
Maximum number of 64 axes 32 axes 16 axes
used real axes

I Axis Types

The following table describes the different axis types that you can select in the Axis Type parameter.

Axis type Description

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

Interface Units.*1 They are assigned to actual Servo Drives or other devices.

One Servomotor is used as one axis.

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

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

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

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

If one encoder input terminal contains two counters, each counter will act as one
axis.

Virtual encoder axis These virtual axes are used for encoder operation. A virtual encoder axis is used

temporarily in place of an encoder axis when there is no physical encoder.”2

*1 Refer to 71-4-3 Function Specifications for the controllable devices.

*2 Virtual encoder axes are used in combination with motion control instructions that update the actual position of
the virtual encoder axis.

® Virtual Servo Axes

A virtual servo axis does not have a physical encoder or external I/O signals. Therefore, virtual
servo axes differ from servo axes in the following ways.

They are always in Servo ON state.

The actual current position equals the command current position.*

The actual current velocity equals the command current velocity.*

External input signals cannot be used.

If the MC_Home or MC_HomeWithParameter instruction is executed, the instruction is processed
as a zero position preset regardless of the setting of the Homing Method axis parameter.

If a motion control instruction that uses a latch function is executed, you must set the trigger input
condition to Controller Mode. An error does not occur if you set it to Drive Mode, but a latch trigger
will not occur, so execution of the instruction will not end.

Latches are used by the following instructions: MC_TouchProbe (Enable External Latch),
MC_MoveFeed (Interrupt Feeding), MC_MovelLink (Synchronous Positioning), and other instruc-
tions.

Errors do not occur for immediate stop inputs or positive/negative limit inputs because the input
signals do not exist.

* However, there is sometimes calculation error because processing is performed with long reals in the MC Func-
tion Module.
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5 Motion Control Parameters

® Encoder Axes and Virtual Encoder Axes

Encoder and virtual encoder axes differ from servo and virtual servo axes in the following ways.
* They do not have command positions. They have only actual positions.
* You cannot use motion-type motion control instructions for them.

I Input Device/Output Device

For a servo or encoder axis, the node address specifies the node address of the EtherCAT slave device
that is assigned to the axis. For an NX-series Position Interface Unit, select the node address of the
EtherCAT Coupler Unit and the NX Unit number of the Position Interface Unit.

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

El Precautions for Correct Use

* OMRON 1S-series Servo Drives and G5-series Servo Drives can be set to specific node
addresses by using the node address switches on the front panels. If the node address
switches are set to 00, the node address will be determined by the settings made in the Ether-
CAT Editor of the Sysmac Studio. If the node address switches are set to 00 for all connected
Servo Drives, errors will not occur even if the Servo Drive’s connection position is changed.
Set the node addresses on the node address switches to assign specific Servo Drives for
each machine control.

* The value set on the Servo Drive’s node address switches is loaded only once when the Servo
Drive’s control power is turned ON. Such changes are enabled only after the power supply is
turned ON again. Do not change the setting on the node address switches after the power
supply has been turned ON.

* An error occurs if the same node address is used more than once.

siojoweled SIXY Z-G

% Additional Information

* The following example shows the EtherCAT device’s node address setting for an OMRON 1S-
series Servo Drive with built-in EtherCAT communications.

7-segment display @[ ]@
U =

D

ID switch ——> 'f;

x16 = x1

sBumes olseg sIXy 2-2-G

O
O

Ooooo

0 < Status indicators

* The rotary switches in the display area on the Servo Drive are used to set the EtherCAT node

address.
Node address setting range
Rotary switch setting ”
OMRON slaves Non-OMRON slaves™
00 Value set from the Sysmac Value set from the Sysmac
Studio (1 to 192) Studio (1 to 192)
01 to 99 Node address switch setting

*1 The value set from the Sysmac Studio will be used for all non-OMRON slaves, regardless of any setting
at the slave.
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5 Motion Control Parameters

5-2-3 Unit Conversion Settings

These parameters set position units.

Parameter name Function Setting range Default
Unit of Display Set the unit for command positions. Oto5 0
pulse
mm
um
nm
degree
inch
Command Pulse Set the number of pulses per motor rotation | 1 to 4,294,967,295 10,000
Count Per Motor for command positions according to the
Rotation™1 encoder resolution.”2 The command value is
converted to a number of pulses based on
the electronic gear ratio.
Work Travel Dis- Set the workpiece travel distance per motor | 0.000000001 to 10,000
tance Per Motor rotation for command positions. 4,294,967,295
Rotation*3
Reducer Use*4 Specify whether to use the reducer setting or | TRUE or FALSE FALSE
not.
TRUE: Used.
FALSE: Not used.
Work Travel Dis- Set the work travel distance per rotation. Positive long reals 10,000

tance Per Rotation
*5*6

Work Gear Ratio™

Set the gear ratio for the workpiece.

110 4,294,967,295

Motor Gear Ratio*

Set the gear ratio of the motor.

110 4,294,967,295

*1 This is the numerator of the electronic gear ratio (unit conversion formula).
*2 For example, if the encoder resolution is 10,000 pulses/rotation, set 10,000.

*3 This is the denominator of the electronic gear ratio (unit conversion formula) when you set not to use the

reducer.

This parameter is disabled when you set to use the reducer.

*4  When you set to use the reducer, some conditions must be met to make the unit conversion settings. Refer to

Conditions to Use Reducers on page 5-12 for the conditions.

*5 This parameter is enabled when you set to use the reducer.

*6 The setting is possible only when the Count Mode is Linear Mode. When the Count Mode is Rotary Mode, the
parameter value is calculated from the modulo maximum position setting value and modulo minimum position

setting value.
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5 Motion Control Parameters

m Precautions for Correct Use

+ Set to use the reducer if you use the Count Mode to Rotary Mode.

When you set not to use the reducer, the number of pulses for one cycle of the ring counter
may not be an expected integer because of a calculation error for one cycle of the ring counter

when converted to pulses. The unexpected integer may cause the position offset.

* When you make a change in the unit conversion settings, except for a change in the unit of
display conversion, there are some differences between the physical position of the machine
and the command current position of the MC Function Module. Therefore, if you made a
change in the unit conversion settings, execute the Home instruction to define the home
again.

Positions are generally given in pulses between the MC Function Module and Servo Drives or

encoder input terminals. Use a display unit of millimeters or degrees for motion control instructions @
so that you can easily understand the operation. >
X
Pulses v
User . i MC Servo S
program Eosmon Motion Function Drive s
increment | control N— 2
1 | instructions | Module o
AN 1 / 1]
Encoder ]
K N Input
N 1 | Terminal
Pulses

You can use the Unit of Display parameter and electronic gear (unit conversion formula) settings to
change from a pulse unit to millimeters or degrees.

@ Additional Information

For a virtual servo axis, the command current value is converted to pulses and then that value is
converted to the unit of display. The resulting value is used as the actual current value.

sBumas UoISIBAUOD NUN €-2-G

User Position | Motion MC
program increment | control Function Pulses »Command
M N | instruction | Module A N position
N——1] N———
<— Actual
position

I Unit of Display

You can use the Unit of Display parameter to set the unit to display on the Sysmac Studio. The display
shows the position’s display unit. The following table describes the units you can set.

Unit Description
pulse Use this unit to express values in pulses.
mm Use this unit for comparatively long-distance direct operation.
um Use this unit for precise direct operation.
nm Use this unit for more precise direct operation than um.
degree Use this unit for rotary tables or other rotating axes.
inch Use this unit for direct operation.
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5 Motion Control Parameters

I Conditions to Use Reducers

When you set to use the reducer, the following condition must be met to use the unit conversion
settings.

» The result of the following calculation must be equal to or between 0.000000001 and 4,294,967,295:
Work travel distance per rotation x Work gear ratio + Motor gear ratio.

When the Count Mode is Rotary Mode, the following condition must also be met.

* The result of the following calculation must be equal to or less than 1,099,511,627,775: Command
pulse count per motor rotation x Motor gear ratio.

The work gear ratio and the motor gear ratio in the above calculations are determined from the division
by the highest common factor of the two.

Therefore, even if the condition is not met by the calculation with the set values, the condition may be
met in actual operation.

® Example

When the work gear ratio is 4 and the motor gear ratio is 6, you assume the work gear ratio to be 2
and the motor gear ratio to be 3 in the calculation.

I Electronic Gear Ratio (Unit Conversion Formula)

Use the electronic gear to set the relationship between the display unit and pulse unit in the MC Func-
tion Module. Use the Sysmac Studio and set the electronic gear ratio.

MC Function Servo
Command position Module Drive Y pulses
- 11
Actual position |
(X units)

X units
Command position value (pulses) = Command position (X units) x Electronic gear ratio

® When Not Using a Reducer

When you set not to use the reducer, the following formula is used to express the electronic gear
ratio.
Command Pulse Count Per Motor Rotation*1 (Y Pulses)

Work Travel Distance Per Motor Rotation*2 (X Units)
*1  For an encoder axis, this is the number of pulses per encoder rotation.

Electronic gear ratio =

*2 For an encoder axis, this is the travel distance per encoder rotation.

@ Additional Information

The electronic gear converts units to the values that are used for positioning by the MC Function
Module and motion control instructions. Motion control instructions specify the target position as
LREAL data. However, an instruction error will occur if the command position after conversion to
pulses by the electronic gear exceeds 40 bits.
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5 Motion Control Parameters

In this example, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.
Mechanically, the reduction ratio of the reducer is 1/5 and the workpiece moves 10 mm for every
rotation of the ball screw.

Workpiece

/ o —D

Servomotor encoder
resolution: 23 bits/rotation
(8,388,608 pulses per rotation) Reduction ratio: 1/5 Ball screw pitch: 10 mm

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation
is set to the resolution of the encoder on the Servomotor.
A reducer with a reduction ratio of 1/5 is used, so the ball screw turns once for every five rotations of

the Servomotor. The workpiece moves 2 mm (10 mm x 1/5), so the Work Travel Distance Per Motor S
Rotation is set to 2. ;
7]

Parameter name Setting 5

Unit of Display mm 5
]

3

@

Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Motor Rotation 2

With these settings, the command unit for positions in the user program is 1 mm.
For example, to move to an absolute position of 100.5 mm, the Position (Target Position) input vari-
able to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 100.5.

@ Additional Information

Parameter Settings for a Reduction Ratio of 1/9 for the Example

The travel distance of the workpiece for one rotation of the Servomotor is 10 mm x 1/9, or
1.1111... mm (a repeating decimal number).

For numbers that do not divide evenly, multiply the command pulse count per motor rotation and
the work travel distance per motor rotation by the same coefficient and set the parameters to the
results. Here, the reduction ratio is 1/9, so we use 9 as our coefficient.

* Command Pulse Count Per Motor Rotation: 75,497,472 (8,388,608 x 9)
* Work Travel Distance Per Motor Rotation: 10 (10 x 1/9 x 9)

sBumas UoISIBAUOD NUN €-2-G

® When Using a Reducer and the Count Mode Is Linear Mode

When you set to use a reducer and the Count Mode is Linear Mode, the following calculation for-
mula is used to have the electric gear ratio.

Command Pulse Count Per Motor Rotation x Motor Gear Ratio
Work Travel Distance Per Rotation x Work Gear Ratio

Electronic gear ratio =

El Precautions for Correct Use

The electronic gear converts units to the values that are used for positioning by the MC Func-
tion Module and motion control instructions.

Motion control instructions specify the target position as LREAL data. However, an instruction
error will occur if the command position after conversion to pulses by the electronic gear
exceeds 40 bits.

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559) 513
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In this example, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.

Mechanically, the reduction ratio of the reducer is 3/5 and the workpiece moves 10 mm for every
rotation of the ball screw.

Workpiece
@ )
Servomotor encoder \
resolution: 23 bits/rotation
(8,388,608 pulses per rotation) Reduction ratio: 3/5 Ball screw pitch: 10 mm

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation
is set to the resolution of the encoder on the Servomotor.

The Work Travel Distance Per Rotation is set to 10 mm, which equals to the ball screw pitch.

A reducer with a reduction ratio of 3/5 is used, so the ball screw turns three times for every five rota-
tions of the Servomotor. For this reduction ratio setting, the work gear ratio is set to 3 and the motor
gear ratio is set to 5.

Parameter name Setting
Unit of Display mm
Command Pulse Count Per Motor Rotation | 8,388,608
Work Travel Distance Per Rotation 10

Work Gear Ratio
Motor Gear Ratio

With these settings, the command unit for positions in the user program is 1 mm.

For example, to move to an absolute position of 100.5 mm, the Position (Target Position) input vari-
able to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 100.5.

When Using a Reducer and the Count Mode Is Rotary Mode

When you set to use a reducer and the Count Mode is Rotary Mode, the following calculation for-
mula is used to have the electric gear ratio.

In Rotary Mode, the Work Travel Distance Per Rotation is automatically determined and set by the
result of “Modulo maximum position - Modulo minimum position”.

Command Pulse Count Per Motor Rotation x Motor Gear Ratio
Work Travel Distance Per Rotation x Work Gear Ratio

Electronic gear ratio =

_ Command Pulse Count Per Motor Rotation x Motor Gear Ratio
(Modulo maximum position - Modulo minimum position) x Work Gear Ratio

El Precautions for Correct Use

The electronic gear converts units to the values that are used for positioning by the MC Func-
tion Module and motion control instructions.

Motion control instructions specify the target position as LREAL data. However, an instruction
error will occur if the command position after conversion to pulses by the electronic gear
exceeds 40 bits.
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In this example 1, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.

Mechanically, the reduction ratio of the reducer is 3/5 and the workpiece moves 360 degree for
every rotation of the turntable.

Turntable
360 degree/rotation

SE— —

ﬂ Reduction ratio: 3/5

Servomotor encoder
resolution: 23 bits/rotation
(8,388,608 pulses per rotation)

siojoweled SIXY Z-G

The Unit of Display parameter is set to degree. The Command Pulse Count Per Motor Rotation is set
to the resolution of the encoder on the Servomotor.

The Work Travel Distance Per Rotation is automatically determined and set by the result of “Modulo
maximum position - Modulo minimum position”.

A reducer with a reduction ratio of 3/5 is used, so the turntable (or workpiece) turns three times for
every five rotations of the Servomotor. For this reduction ratio setting, the work gear ratio is set to 3
and the motor gear ratio is set to 5.

Parameter name Setting
Unit of Display degree

Command Pulse Count 8,388,608
Per Motor Rotation

Work Travel Distance Per | Modulo maximum position - Modulo minimum position

sBumas UoISIBAUOD NUN €-2-G

Rotation
Work Gear Ratio 3
Motor Gear Ratio 5

With these settings, the command unit for positions in the user program is 1 degree.

For example, to move to an absolute position of 100.5 degree, the Position (Target Position) input
variable to the MC_MoveAbsolute (Absolute Positioning) instruction is set to 100.5.
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In this example 2, an OMRON 1S-series Servomotor with a 23-bit absolute encoder is used.

Mechanically, the reduction ratio of the reducer is 3/5 and the conveyor moves 80 mm for every rota-
tion of the pulley. The travel distance per conveyor rotation is 360 mm.

Servomotor encoder resolution: 23 bits/rotation .
(8,388,608 pulses per rotation) Travel distance per conveyor

) rotation = 360 mm
Travel distance per pulley (Modulo maximum position/Modulo
rotation = 80 mm minimum position: 0 to 360)

Reduction Mechanical
ratio: 3/5 ratio: 80/360
NG J
~

Final ratio:

3 x

80 Work Gear Ratio

T 5x

360 ~ Motor Gear Ratio

The Unit of Display parameter is set to millimeters. The Command Pulse Count Per Motor Rotation

is set to the resolution of

the encoder on the Servomotor.

The travel distance per conveyor rotation is automatically set by the result of “Modulo maximum
position - Modulo minimum position”.

Parameter name

Setting

Modulo Maximum Position

360

Modulo Minimum Position

0

A reducer with a reduction ratio of 3/5 is used, so the pulley turns three times for every five rotations
of the Servomotor. The conveyor travel distance per pulley rotation is 80 mm and the travel distance
per conveyor rotation is 360. For this reduction ratio setting, the work gear ratio is set to 240 (3 x 80)
and the motor gear ratio is set to 1,800 (5 x 360).

Parameter name Setting
Unit of Display mm
Command Pulse Count 8,388,608

Per Motor Rotation

Work Travel Distance Per

Modulo maximum position - Modulo minimum position

Rotation
Work Gear Ratio 240
Motor Gear Ratio 1,800

% Additional Information

« If the travel distance per pulley rotation is not an integer (e.g. 80.1 mm), use a ratio multiplied
by the coefficient of 10, which converts values to integers, to calculate the work gear ratio and
the motor gear ratio. When the above example is used, the work gear ratio is set to 2,403 (3 x

80.1 x 10), and the

motor gear ratio is set to 18,000 (5 x 360 x 10).

* In the same way as the above example 2, when a multi-step reducer is used, multiply several

ratios together and

use a final ratio to set the work gear ratio and the motor gear ratio.
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5 Motion Control Parameters

These parameters set items for axis operation, such as the maximum velocity and maximum accelera-
tion/deceleration rate. Set them according to the specifications of the device you are controlling.

Parameter name

Function

Setting range

Default

Maximum Velocity

Set the maximum velocity for each axis."?

Do not set a value that exceeds the maximum
speed of the motor that you are using.

(Unit: command units/s)

Positive long reals™2

400,000,000

Start Velocity

Set the start velocity for each axis.

Set a value that does not exceed the maxi-
mum velocity.

(Unit: command units/s)

Positive long reals

Maximum Jog
Velocity

Set the maximum jog velocity for each axis."3
Set a value that does not exceed the maxi-
mum velocity.

(Unit: command units/s)

Positive long reals

1,000,000

Maximum Accelera-
tion

Set the maximum acceleration rate for an axis
operation command. There will be no limit to
the acceleration rate if 0 is set. (Unit: com-

mand units/s2)

Non-negative long
reals

Maximum Decelera-
tion

Set the maximum deceleration rate for an axis
operation command. There will be no limit to
the deceleration rate if 0 is set. (Unit: com-

mand units/s2)

Non-negative long
reals

Acceleration/Decel-
eration Over

Set the operation for when the maximum
acceleration/deceleration rate would be
exceeded after excessive acceleration/decel-
eration during acceleration/deceleration con-
trol of the axis because stopping at the target
position is given priority.
0: Use rapid acceleration/deceleration.
(Blending is changed to Buffered.)4

1: Use rapid acceleration/deceleration.

2: Minor fault stop™

Oto2

Operation Selection
at Reversing

Specify the operation for reversing rotation for
multi-execution of instructions, re-execution of

instructions, and interrupt feeding."®
0: Deceleration stop
1: Immediate stop

Oto1

Velocity Warning
Value

Set the percentage of the maximum velocity at
which to output a velocity warning for the axis.
No velocity warning is output if 0 is set. (Unit:
%)

0to 100

Acceleration Warn-
ing Value

Set the percentage of the maximum accelera-
tion rate at which to output an acceleration
warning for the axis. No acceleration warning
is output if 0 is set. (Unit: %)

0to 100

Deceleration Warn-
ing Value

Set the percentage of the maximum decelera-
tion rate at which to output a deceleration
warning for the axis. No deceleration warning
is output if 0 is set. (Unit: %)

0to 100

Positive Torque
Warning Value™?

Set the torque command value at which to
output a positive torque warning. No positive
torque warning is output if 0 is set. (Unit: %)

0 to 1,000
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5 Motion Control Parameters

5-18

Parameter name Function Setting range Default
Negative Torque Set the torque command value at which to 0 to 1,000 0
Warning Value™? output a negative torque warning. No negative

torque warning is output if 0 is set. (Unit: %)
Actual Velocity Fil- Set the time period to calculate the average 0to 100 0
ter Time Constant travel of the actual velocity in milliseconds.
The average travel is not calculated if O is set.
(Unit: ms)
Use this to reduce variations in the actual cur-
rent velocity when axis velocity is slow.
In-position Range™8 | Set the in-position width. (Unit: command Non-negative long 10
units) reals
In-position Check Set the in-position check time in milliseconds. | 0 to 10,000 0
Time*8 Set 0 to check for the end of positioning only
when you define the home position during
homing and not check positioning at other
times. (Unit: ms)
Zero Position Range | Set the home position detection width. (Unit: Non-negative long 10
command units) reals

*1

*2
*3

*4

*5

*6

*7
*8

The maximum velocity is used as the command velocity if you specify a velocity command value that is greater
than the maximum velocity. This parameter also applies to interpolation control operation.

Do not set any value that exceeds the motor maximum velocity (maximum rotation speed) that can be output
by the Servomotor/Servo Drive connected to the axis. Check the specifications of the connected Servomo-
tor/Servo Drive before you set this parameter.

The maximum value that you can set is 2,147,483,647 [pulses/s] when the value is converted to pulses.

The maximum jog velocity is used as the command velocity if you specify a velocity command value that is
greater than the maximum jog velocity.

Blending is not changed to Buffered. Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer
Mode) for details.

The axis does not stop with an error when Blending is used for operation. Refer to 9-5-7 Multi-execution of
Motion Control Instructions (Buffer Mode) for details.

Refer to 9-5-6 Re-executing Motion Control Instructions and 9-5-7 Multi-execution of Motion Control Instruc-
tions (Buffer Mode) for details on the Operation Selection at Reversing parameter.

This parameter is enabled only for torque control.
The in-position check is processed by the MC Function Module. The function in the Servo Drive is not used.

I Maximum Velocity

This section provides a setting example for the maximum velocity.

Setting Example for the Maximum Velocity

The same machine as in When Not Using a Reducer on page 5-12 is described here for a Servomo-
tor with a maximum speed of 6,000 r/min.

Workpiece

@ )

Servomotor ‘\
encoder resolution: 23 bits/rotation

(8,388,608 pulses per rotation) Reduction ratio: 1/5  Ball screw pitch: 10 mm
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5 Motion Control Parameters

The Maximum Velocity is set to 200 based on a calculation for the conditions (maximum speed:
6,000 r/min, reduction ratio: 1/5, ball screw pitch: 10 mm; 6,000 r/min x 1/5 x 10 mm = 12,000
mm/min = 200 mm/s). The default setting of 400,000,000 would exceed the maximum speed of the
motor, so you must change the setting.

Parameter name Setting
Unit of Display mm
Command Pulse Count Per Motor Rotation 8,388,608
Work Travel Distance Per Motor Rotation 2
Maximum Velocity 200

I Start Velocity

Set the start velocity to 0 when you use a servomotor.

a

If you use a stepper motor, use 10% to 50% of the maximum self-start frequency to prevent loosing the ;
sync at startup. However, this depends on the load, so refer to the manual for the stepper motor. =
v

Y]

Not Specifying Jerk Specifying Jerk 5

]

Velocity Velocity . g

Target velocity | _ _ _ _ Target velocity | _ _ _ _ _

| | 1 1
| | 1 1
| | 1 1
| | | 1
T T T T
| | 1 1
1 1 1 1
1 1 1 1
Start velocity | _/ _ _ _ - . ___ L. Startvelocity | _ / _ _ . _______ R

1 1

1 1

1 1

N
N
i
1 1
| 1 (@]
0 ! 1> Time 0 ! » Time 8
P— ——— f——] F—— 3
Acceleration Deceleration Acceleration Deceleration =
=
)
0]
f=o
g
«Q
7]

If the target velocity is less than or equal to the start velocity, acceleration/deceleration are not per-
formed and the axis moves at the target velocity.

Velocity

StartveloCity | - - e e e e e e e e e e e m e m————— -

Targetvelocity ( _ __ ______

0 » Time

If the target velocity changes as the result of re-executing the motion control command or as the result
of performing multi-execution of instructions for it during motion, the initial velocity is used. If the target
velocity is greater than the start velocity, acceleration/deceleration are performed at the specified accel-
eration/deceleration rates. If the target velocity is less than or equal to the start velocity, accelera-
tion/deceleration are not performed and the axis moves.
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Velocity Jinstruction Instruction Instruction

executed. executed. executed.
Y

StartveloCity | = =l o o N c - d oo s

» Time

The start velocity is also used if the velocity is changed by the MC_SetOverride instruction. If the target
velocity is greater than the start velocity, acceleration/deceleration are performed at the specified accel-
eration/deceleration rates. If the target velocity is less than the start velocity, acceleration/deceleration
are not performed and the axis moves.

Velocity
100%—180% 180%—50% Override factor

Start velocity

The start velocity is not used in the following cases.
¢ Torque Control Mode

» Cyclic synchronous velocity control

¢ Cyclic synchronous positioning

* Synchronized control

Note However, the start velocity is used for the MC_GearOut and MC_CamOut instructions.
* Multi-axes coordinated control

Note However, the start velocity for each axis is used to decelerate the axes to a stop.
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5-2-5 Other Operation Settings

These parameters are used to set the stopping methods and torque limits to use when the input sig-

nals are enabled.

Parameter name Function Setting range Default
Immediate Stop Set the stopping method in the MC Function Module 0,2,0r3 0
Input Stop Method | when the immediate stop input is enabled.
0: Immediate stop
2: Immediate stop and error reset
3: Immediate stop and Servo OFF
Limit Input Stop Set the stopping method in the MC Function Module Oto3 0
Method when the positive limit input or negative limit input is
enabled.
0: Immediate stop S
1: Deceleration stop ,_3?
2: Immediate stop and error reset %
3: Immediate stop and Servo OFF §
Drive Error Reset Set the monitor time for a drive error reset. (Unit: ms) 1to 1,000 200 %
Monitoring Time After the monitor time has elapsed, reset processing ]
will end even if the drive error is not yet reset.
Maximum Positive | Set the maximum value of the positive torque limit."? 0.0 to 1000.0 | 300.0
Torque Limit (Unit: %)
Maximum Negative | Set the maximum value of the negative torque limit.”1 | 0.0 to 1000.0 | 300.0
Torque Limit (Unit: %) )
N
Immediate Stop Set whether to reverse the logic of the immediate stop | FALSE or FALSE*3 &
Input Logic Inver- input signal. TRUE g
sion"2 FALSE: Do not reverse. g
TRUE: Reverse. 3
Positive Limit Input | Set whether to reverse the logic of the positive limit FALSE or FALSE*3 %’
Logic Inversion™2 input signal. TRUE @
FALSE: Do not reverse. g
TRUE: Reverse. @
Negative Limit Input | Set whether to reverse the logic of the negative limit FALSE or FALSE™3
Logic Inversion*2 input signal. TRUE
FALSE: Do not reverse.
TRUE: Reverse.
Home Proximity Set whether to reverse the logic of the home proximity | FALSE or FALSE
Input Logic Inver- input signal. TRUE
sion"2 FALSE: Do not reverse.
TRUE: Reverse.

*1 If Positive Torque Limit Value (60EO hex) and Negative Torque Limit Value (60E1 hex) are mapped as PDOs,
the set values of these parameters are sent with EtherCAT process data communications. If a torque limit is
enabled with the MC_SetTorqueLimit instruction, the value that is specified with the input variable to the
instruction is sent.

*2 This parameter is set for devices, such as NX-series Digital Input Units, for which the logic of the input signals
cannot be set. For devices, such as OMRON 1S-series Servo Drives, for which you can set the input signal
logic, set this parameter to not reverse the signal.

*3 If you assign an NX-series Pulse Output Unit to an axis, the default is TRUE.
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5-2-6 Limit Settings

Use the following parameters to select functions for limiting the following error and for software limits.
Default

Parameter name Function Setting range

Oto4 0

Select the software limit function.
Disabled.
Deceleration stop for command position

Software Limits”

Immediate stop for command position

@ n 2o

Deceleration stop for actual position
4: Immediate stop for actual position

Positive Software Set the software limit in the positive direc- Long reals 2,147,483,647

Limit tion. (Unit: command units)

Negative Software Set the software limit in the negative direc- Long reals -2,147,483,648
Limit tion. (Unit: command units)

Following Error Over | Set the excessive following error check Non-negative long reals | 0

Value value. Set 0 to disable the excessive follow-

ing error check. (Unit: command units)

Following Error
Warning Value

Set the following error warning check value.
Set 0 to disable the following error warning
check. (Unit: command units)

Non-negative longreals | 0
that are less than or
equal to the Following
Error Over Value

* This function is enabled only when the Count Mode is Linear Mode and the home is defined.
Refer to 9-8-5 Software Limits for details on software limits.

5-2-7 Position Count Settings

Set the count mode for the position.

Refer to the NX-series Position Interface Units User's Manual (Cat. No. W524) for information on
using the NX-series Position Interface Units.

Parameter name Function Setting range Default
Count Mode Set the count mode for the position. Oto1 0
0: Linear Mode (finite length)
1: Rotary Mode (infinite length)
Modulo Maximum Set the modulo maximum position when the Count | Long reals 2,147,483,647

Position Setting Value

Mode is set to Rotary Mode. (Unit: command units)

Modulo Minimum Set the modulo minimum position when the Count Long reals -2,147,483,648
Position Setting Value | Mode is set to Rotary Mode. (Unit: command units)
Encoder Type Set the encoder type.*1*2 Oto1 0

0: Incremental encoder (INC)
1: Absolute encoder (ABS)

*1 Set the encoder type to 1 (absolute encoder (ABS)) when you use any of the following.
When an OMRON 1S-series Servomotor/Servo Drive is used
When an OMRON G5-series Servomotor/Servo Drive with an absolute encoder is used
When an OMRON G5-series Servomotor/Servo Drive with an absolute external scale for fully-closed control is
used
When an OMRON G5-series Linear Motor Type Sevomotor/Servo Drive with built-in EtherCAT communica-
tions is used with an absolute external scale

*2 The settings are as follows when you use an OMRON G5-series Servomotor/Servo Drive with an absolute
external scale for fully-closed control, or when you use an OMRON G5-series Linear Motor Type Servomo-
tor/Servo Drive with built-in EtherCAT communications.

0: Incremental external scale
1: Absolute external scale
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I Count Modes

The Count Mode is the feed mode for the axis. Select the count mode for the command positions for
each axis. There are two Count Modes: Linear Mode, which has a finite axis feed range and Rotary
Mode, which has an infinite axis feed range.

® Linear Mode (Finite-length Axis)

e The linear mode is centered around 0. This mode is used for devices with a mechanically limited
range of motion, such as an XY stage.

* The setting range when the value is converted to pulses is 40 bits (signed integer: 0x8000000000
to OX7TFFFFFFFFF).

* You cannot specify a target position for relative or absolute positioning that exceeds this range.

* A command position overflow or underflow observation will occur if this range is exceeded for
operations that do not have a target position, such as velocity control, homing, or torque control.
Command position output will continue, but the actual position is not updated and will be fixed to
either the upper limit or the lower limit.

* While the value of the actual position is fixed, you can execute commands and stop the axis with
any operation that does not have a target position in the direction toward the linear range. Any
command that specifies a direction away from the range will cause an error on execution of the
instruction.

* The actual position does not update until the overflow or underflow status is cleared.

]
0x8000000000 '0 O0x7FFFFFFFFF

siojoweled SIXY Z-G

® Rotary Mode (Infinite Length Axis)

* This mode repeatedly counts with a ring counter for an infinite amount within the set range. Use
this mode for rotary tables or winding shafts.

* Use the Sysmac Studio to set the modulo maximum position and the modulo minimum position to
define the range of the ring counter.

* The setting range when the value is converted to pulses is 40 bits (signed integer: 0x8000000000
to OX7FFFFFFFFF).

sBuIPaS JUNOD UOHISOd /-Z-G

Count value
OX7FFFFFFFFF === oo oo oo

Modulo MaXimUM | === m o e e e e
position

0 J/ I/ J/
Modulo MiNimMum fe==mm e e e e e e e e e e M e e K e

position

0XB000000000 [====== === === ooooooossoooooooooossooooooe-

* The number of pulses for one cycle of the ring counter may not be an expected integer because of
a calculation error for one cycle of the ring counter when converted to pulses. The unexpected
integer may cause the position offset.

I Version Information

Set to use the reducer to cancel the cause of the above position offset.
Refer to 5-2-3 Unit Conversion Settings on page 5-10 on use of reducers.
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Modulo Maximum Position and Modulo Minimum Position Setting
Values

The settings of these parameters are enabled when the Count Mode is set to Rotary Mode. Set the
upper and lower limits of the ring counter.

|E| Precautions for Correct Use

e If 0 is not included between the upper and lower limits of the ring counter, an error occurs
when the MC_MoveZeroPosition (High-speed Home) instruction is executed.

¢ When you perform absolute positioning with a MC_MoveAbsolute or MC_Move instruction,
make sure that the target position is within the range of the ring counter. An error occurs if the
target position is not within the range of the ring counter. If the Direction input variable to the
instruction is set to No direction specified, you can set a target position that is not within the
range of the ring counter. If that occurs, relative positioning is performed using the difference
between the target position and the command current position as the target distance.

* When you make a change in the position count settings, there are some differences between
the physical position of the machine and the command current position of the MC Function
Module. Therefore, if you made a change in the position count settings, execute the Home
instruction to define the home again.

I Encoder Type

Set the type of encoder to use for feedback input.

Set the encoder type to 1 (absolute encoder (ABS)) when you use any of the following.

* When an OMRON 1S-series Servomotor/Servo Drive is used

* When an OMRON G5-series Servomotor/Servo Drive with an absolute encoder is used

* When an OMRON G5-series Servomotor/Servo Drive with an absolute external scale for fully-closed
control is used

* When an OMRON G5-series Linear Motor Type Servomotor/Servo Drive with built-in EtherCAT com-
munications is used with an absolute external scale

5-2-8 Servo Drive Settings

Set the value that is set on the Servo Drive or the Encoder Input Terminal that is connected.

Parameter name Function Setting range Default™

Modulo Maximum Set the modulo maximum position thatis | _263 g 263_1 2,147,483,647
Position Setting Value | set on the Servo Drive or the Encoder

Input Terminal. *2 (Unit: pulses)

Modulo Minimum Posi- | Set the modulo minimum position thatis | 263 to 263_1 -2,147,483,648
tion Setting Value set on the Serv*o Drive or the Encoder (Unit: pulses)
Input Terminal."2
PDS State Control Set the state to which PDS state Oto1 0
Method changes when Servo is turned OFF by

the MC_Power instruction.”
0: Switched on by Servo OFF
1: Ready to switched on by Servo OFF

*1 The default range is all DINT integers. You can use the default range with OMRON 1S-series Servo Drives or
Gb5-series Servo Drives.
Refer to the NX-series Position Interface Units User’s Manual (Cat. No. W524) for information on using the NX-
series Position Interface Units.
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5 Motion Control Parameters

*2 If you use an OMRON GX-series EtherCAT Slave Encoder Input Terminal, the maximum value of the ring
counter (index 0x4003) of the Encoder Input Terminal must agree with the Modulo Maximum Position Setting
Value. The modulo minimum position setting value must be set to 0.

*3 If you set this parameter to 1, the Servo Ready (Switched on) status of OMRON G5-series Servo Drives can-
not be used. To use the Servo Ready (Switched on) status, set this parameter to 0. Refer to A-5 PDS State
Transition for details on the PDS state transition.

Homing Settings

Set the motor operation to use to determine home.

Parameter name Function Setting range Default

Homing Method™1*2 | Set the homing operation. 0,1,4,5,8,9,or 14

0: Proximity reverse turn/home proximity input OFF 11to 14

1: Proximity reverse turn/home proximity input ON

4: Home proximity input OFF

5: Home proximity input ON

8: Limit input OFF

9: Proximity reverse turn/home input mask distance

11: Limit inputs only

12: Proximity reverse turn/holding time

13: No home proximity input/holding home input

14: Zero position preset
Home Input Signal Select the input to use for the home input signal. Oor1 0

0: Use Z-phase input as home

1: Use external home input™3
Homing Start Direc- | Set the start direction for when homing is started. Oor2 0
tion 0: Positive direction

2: Negative direction
Home Input Detec- | Set the home input detection direction for homing. Oor2 0
tion Direction 0: Positive direction

2: Negative direction
Operation Selection | Set the stopping method when the positive limit input | 0 to 2 1
at Positive Limit turns ON during homing.
Input 0: No reverse turn/minor fault stop (Stop according to

Limit Input Stop Method parameter.)

1: Reverse turn/immediate stop

2: Reverse turn/deceleration stop
Operation Selection | Set the stopping method when the negative limit input | 0 to 2 1
at Negative Limit turns ON during homing.
Input 0: No reverse turn/minor fault stop (Stop according to

Limit Input Stop Method parameter.)

1: Reverse turn/immediate stop

2: Reverse turn/deceleration stop
Homing Velocity Set the homing velocity. (Unit: command units/s) Positive long reals | 10,000
Homing Approach Set the velocity to use after the home proximity input | Positive long reals | 1,000
Velocity turns ON. (Unit: command units/s)
Homing Accelera- Set the acceleration rate for homing. If the homing Non-negative long | 0
tion acceleration is set to 0, the homing velocity or other reals

target velocity is used without any acceleration. (Unit:

command units/s2)
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Parameter name Function Setting range Default
Homing Decelera- Set the deceleration rate for homing. If the homing Non-negative long | 0
tion deceleration is set to 0, the homing approach velocity | reals

or other target velocity is used without any decelera-
tion. (Unit: command units/s2)

Homing Jerk Set the jerk for homing. Set 0 for no jerk. (Unit: com- | Non-negative long | 0
mand units/s3) reals
Home Input Mask Set the home input mask distance when you set the Non-negative long | 10,000
Distance Homing Operation Mode to a proximity reverse reals
turn/home input mask distance. (Unit: command units)
Home Offset Preset the actual position for the value that is set after | Long reals 0
homing. (Unit: command units)
Homing Holding Set the holding time when you set the Homing Opera- | 0 to 10,000 100
Time tion Mode to a proximity reverse turn/holding time.
(Unit: ms)
Homing Compensa- | Set the homing compensation value that is applied Long reals 0
tion Value after the home is defined. (Unit: command units)
Homing Compensa- | Set the velocity to use for homing compensation. Positive long reals | 1,000
tion Velocity (Unit: command units/s).

*1 These parameters are for homing operation. Refer to Section 8 Homing for details.

*2  You cannot map the Z-phase input to a PDO for an OMRON G5-series Linear Motor Type Servo Drive. There-
fore, if you set the Homing Method to the No home proximity input/holding home input, which can use a Z-
phase input mapped to a PDO, do not select the Z-phase input for the home input signal.

*3 This setting can be used for an OMRON 1S-series Servo Drive or G5-series Servo Drive. The input allocated

to latch 1 for the Servo Drive is used as the external home input. In the default setting of the OMRON 1S-series
Servo Drives or G5-series Servo Drives, the external latch input 1 is allocated to latch 1.

For details, refer to the AC Servomotors/Servo Drives 1S-series with Built-in EtherCAT Communications
User’s Manual (Cat. No. 1586), AC Servomotors/Servo Drives 1S-series with Built-in EtherCAT Communica-
tions and Safety Functionality User's Manual (Cat. No. 1621), AC Servomotors/Servo Drives G5-series with
Built-in EtherCAT Communications User's Manual (Cat. No. 1576) or the AC Servomotors/Servo Drives G5-
series with Built-in EtherCAT Communications Linear Motor Type User’s Manual (Cat. No. I1577).

Refer to the NX-series Position Interface Units User's Manual (Cat. No. W524) for information on using the NX-
series Position Interface Units.
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5-2-10 Axis Parameter Setting Example

This section provides examples of axis parameter settings related to positioning.

I Single-axis Positioning

5 Motion Control Parameters

The following example is for a device that performs single-axis positioning separately for each of two

axes.

MC Function Module

|Command position -|—

Axis 1 Gear
ratio
| Actual position |<—
| Command position -l—
. Gear
Axis 2 ratio

f—— e — e — - — - — -

| Actual position |<—

Axis 1: Servo axis

Axis 2: Servo axis

Parameter name Settings
Axis 1 Axis 2

Axis Variable Names Axis1 Axis2
Axis Number 1 2
Enabled Axes Used axis Used axis
Axis Type Servo axis Servo axis
Input Device/Output Device 1 2
Unit of Display pum*1 um
Command Pulse Count Per Motor 1,048,576 1,048,576
Rotation
Work Travel Distance Per Motor Rota- | 10,000 10,000
tion
Maximum Velocity 500,000"2 500,0002
Maximum Jog Velocity 50,000"3 50,000"3
Maximum Acceleration 5,000,000"4 5,000,000"4
Maximum Deceleration 5,000,000 5,000,0004

Software Limits

Immediate stop for command posi-

Immediate stop for command posi-

tion tion
Positive Software Limit 500,000 500,000
Negative Software Limit 05 0
Count Mode Linear Mode Linear Mode

*1  The position command unit will be 1 pm.
*2  The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 um/s.
*3 The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 um/s.

*4  The maximum acceleration and the maximum deceleration are 5 m/s2. The acceleration time to the maximum

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

500,000 um.

I Synchronized Control with Encoder as Master Axis

The following example is for a device that uses the actual position of axis 2 (an encoder), which is
attached to a conveyor, as the master axis. The Servo Drive on axis 1 is synchronized within a finite

range.

MC Function Module

| Command position ‘l—

Axis 1

Gear
ratio

|._

| Actual position

ey

Axis 2 |

Axis 1: Servo axis (slave axis)

L | Actual position |<_|Gear ratiol_; Axis 2: Encoder axis (master axis)
Encoder
Parameter name Settings
Axis 1 Axis 2
Axis Variable Name Axis1 Axis2
Axis Number 1 2
Enabled Axes Used axis Used axis
Axis Type Servo axis Encoder axis
Input Device/Output Device 1 2
Unit of Display pum*1 um*1
Command Pulse Count Per Motor Rota- | 1,048,576 1,048,576
tion
Work Travel Distance Per Motor Rotation | 10,000 10,000
Maximum Velocity 500,000*2 -
Maximum Jog Velocity 50,000"3 —
Maximum Acceleration 5,000,000™4 -—-
Maximum Deceleration 5,000,000°4 -
Software Limits Immediate stop for command Disabled.
position
Positive Software Limit 500,000"5 —
Negative Software Limit 0*5 -—
Count Mode Linear Mode Rotary Mode
Modulo Maximum Position - 1,000,000
Modulo Minimum Position - 0*6

*1
*2
*3
*4

velocity (3,000 r/min) is 0.1 s.
*5

500,000 pum.
*6

The position command unit will be 1 um.

The periodic range of the position is 0 to 1 m (1,000,000 um).

The maximum velocity will be 3,000 r/min = 30 m/min = 0.5 m/s = 500,000 um/s.
The maximum jog velocity will be 10% of the maximum velocity, i.e., 0.05 m/s = 50,000 um/s.

The maximum acceleration and the maximum deceleration are 5 m/s2. The acceleration time to the maximum

Set a positioning that is within the movable range of the device. The positive software limit is set to 50 cm =
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@ Additional Information

You can select the axis type for the master axis according to the configuration of the device.
There are four axis types: servo axes, virtual servo axes, encoder axes, and virtual encoder
axes. In this example, the axis type of the master axis is an encoder axis. Specify the actual
position for the motion control instruction input variable ReferenceType (Position Type Selec-
tion).
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5-3 Axes Group Parameters

Use the axes group parameters to set axes group operations related to axes groups that the MC Func-
tion Module controls, such as the axis configuration, maximum interpolation velocity, and axes group
stopping method. The axes group parameters are provided for each axes group. The number of axes
groups depends on the model. Refer to 1-4-2 Performance Specifications on page 1-6 for details. The
same parameter settings are provided for each axes group. This section describes only the parameters
for axes group 1.

5-3-1 Axes Group Parameters

Use the Sysmac Studio to set the axes group parameters for each axes group.

*1 Page
- Temporary changes Reading g
Classification Parameter name Applicable . %o
Support ! . variables
instruction
Axes Group Axes Group Number - - OK P. 5-31
Basic Settings  ['ayes Group Use OK
Composition - -—- OK
Composition Axes OK MC_Change | OK
AxesInGroup
Axes Group Maximum Interpolation Velocity - - - P. 5-33
?peratlon Set- ['Maximum Interpolation Acceleration | — — —
ings

Maximum Interpolation Deceleration | --- - -

Interpolation Acceleration/Decelera- | --- - -—-

tion Over

Interpolation Velocity Warning Value | OK MC_Write -
Interpolation Acceleration Warning OK MC_Write -
Value

Interpolation Deceleration Warning OK MC_Write -—-
Value

Axes Group Stop Method - - —

Correction Allowance Ratio -

*1  This column indicates if you can use instructions to temporarily change the settings.
*2 This column indicates whether you can access the parameter with a variable in the user program.

Refer to 3-4 Setting Procedures for Axes Groups for details on how to set axes group parameters.

For details on the MC_Write (Write MC Setting) and MC_ChangeAxesInGroup instructions, refer to the
NY-series Motion Control Instructions Reference Manual (Cat. No. W561).

Refer to 6-6 System-defined Variables for Motion Control for information on system-defined variables
for motion control.
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5-3-2 Axes Group Basic Settings

Set whether to use the axes group. If you are going to use the axes group, set the axis configuration
and the axes to use.

Parameter name Function Setting range Default

Axes Group Number | Set the logical number of the axes group. This number | --- ---
specifies which of the following system-defined vari-
ables to use: _MC_GRP[0-31].

Axes Group Use Set whether to enable or disable the axes group. An Oto2 0
error occurs if you execute a motion control instruction

for an undefined or unused axes group.”!

0: Undefined axes group
1: Unused axes group
2: Used axes group

siajoweled dnoig saxy g-G

Composition Set the axis composition of the axes group. Oto2 0
0: 2 axes
1: 3 axes
2: 4 axes

Composition Axes Sets the axis number to assign to the axes group. Set 2 to 4 axes 0

Axis Variable names from the Sysmac Studio to use for
the AO to A3 axes.

*1  An error occurs if you execute the MC_GroupEnable (Enable Axes Group) instruction for an axes group that
contains an unused axis.

I Composition

The following table lists the axis compositions you can use with the MC Function Module. Use the Sys-
mac Studio to set the axis composition according to the actual devices.

Composition Description

2 axes A two-axis configuration is used. For example, a machine with a two-axis Carte-
sian coordinate system is used.

sBumeg oiseg dnols) sexy z-¢-G

3 axes A three-axis configuration is used. For example, a machine with a three-axis
Cartesian coordinate system is used.

4 axes A four-axis configuration is used. For example, a machine with a three-axis Car-
tesian coordinate system is used with a rotary axis at the end tool.
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I Composition Axes

The axes that are in an axes group are called composition axes. To make it easier to reuse program-
ming with interpolation instructions for axes groups commands, logical axes (axis AO to axis A3) are
used instead of axis numbers (axis 0 to axis 63). For the Composition Axes parameter, set the axis
numbers and logical axis numbers for the axes in the axes group. Servo axes or virtual servo axes can
be selected for logical axes.

Use the Sysmac Studio to assign axes from axis AO for the number of axes you selected in the axis
composition.

Set axis numbers from axis AO for each axes group if you create more than one axes group. You can
also set the same axis number in more than one axes group.

Axis composition setting Settings in Composition Axes parameter
2 axes Set Axis Variable names (axis numbers) for axis A0 and axis A1.
3 axes Set Axis Variable names (axis numbers) for axis A0, axis A1, and axis A2.
4 axes Set Axis Variable names (axis numbers) for axis A0, axis A1, axis A2, and axis
A3.

EI Precautions for Correct Use

* Assign all of the composition axes to the same task.

 If you set the same axis number for multiple axes groups, you cannot enable these axes
groups simultaneously.

@ Additional Information

You can set any servo axis or virtual servo axis that is set to a Used axis or an Unused axis
(changeable to used axis) in an axes group.

® Composition Axes Setting Examples

¢ Example 1: Assigning Four Axes with Axis Numbers 1, 2, 5, and 8 to an Axes Group

Logical axis Axis number
Axis AO Axis 1
Axis A1 Axis 2
Axis A2 Axis 5
Axis A3 Axis 8

e Example 2: Assigning Three Axes with Axis Numbers 1, 8, and 2 to an Axes Group

Logical axis Axis number
Axis AO Axis 1
Axis A1 Axis 8
Axis A2 Axis 2
Axis A3 None
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5-3-3 Axes Group Operation Settings

5 Motion Control Parameters

These parameters set items for axes group operation, such as the maximum interpolation velocity and
axes group stopping method. Set them according to the specifications of the device you are controlling.

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

Parameter name

Function

Setting range

Default

Maximum Interpola-
tion Velocity

Set the maximum interpolation velocity for
the path. Set 0 for no interpolation velocity
limit.

If a target velocity that exceeds the maxi-
mum interpolation velocity is specified for an
axes group operation instruction, the axis
will move at the maximum interpolation
velocity.

(Unit: command units/s)

Non-negative long
reals

800,000,000

Maximum Interpola-
tion Acceleration

Set the maximum interpolation acceleration
for the path. Set O for no interpolation accel-

eration limit. (Unit: command units/s2)

Non-negative long
reals

Maximum Interpola-
tion Deceleration

Set the maximum interpolation deceleration
for the path. Set O for no interpolation decel-

eration limit. (Unit: command units/s2)

Non-negative long
reals

Interpolation Accel-
eration/Decelera-
tion Over

Set the operation for when the maximum
interpolation acceleration/deceleration rate
would be exceeded after excessive acceler-
ation/deceleration during acceleration/decel-
eration control of the axes group because
stopping at the target position is given prior-
ity.
0: Use rapid acceleration/deceleration.
(Blending is changed to Buffered.) *1

1: Use rapid acceleration/deceleration.

2: Minor fault stop *2

Oto2

Interpolation Veloc-
ity Warning Value

Set the percentage of the maximum interpo-
lation velocity at which to output an interpo-
lation velocity warning. No interpolation
velocity warning is output if 0 is set. (Unit: %)

0to 100

Interpolation Accel-
eration Warning
Value

Set the percentage of the maximum interpo-
lation acceleration at which to output an
interpolation acceleration warning. No inter-
polation acceleration warning is output if 0 is
set. (Unit: %)

0to 100
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5-34

Parameter name

Function

Setting range

Default

Interpolation Decel-
eration Warning
Value

Set the percentage of the maximum interpo-
lation deceleration rate at which to output an
interpolation deceleration warning. No inter-
polation deceleration warning is output if 0 is
set. (Unit: %)

0to 100

Axes Group Stop
Method

Set the stop method of the composition axes
for which an error did not occur when an
error occurs that forces an immediate stop of
an axis that is in a multi-axes coordinated
control motion.

0: Immediate stop

1: Decelerate axes to a stop at maximum
deceleration rate of the axes

3: Immediate stop and Servo OFF

0,1,0r3

Correction Allow-
ance Ratio

This parameter applies when the center des-
ignation method is used for a circular inter-
polation instruction. It compensates the
distance when the distance between the
start point and the center point does not
equal the distance between the end point
and the center point. Set the allowable range
for that correction as a percentage of the
radius. Set the percentage to 0.1% or
greater. Error checking is not performed if 0
is set.

Single-precision
floating-point num-
ber between 0 and
100

*1 Blending is not changed to Buffered. Refer to 9-5-7 Multi-execution of Motion Control Instructions (Buffer

Mode) for details.

*2 The axis does not stop with an error when Blending is used for operation. Refer to 9-5-7 Multi-execution of
Motion Control Instructions (Buffer Mode) for details .
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5-3-4 Enabling an Axes Group

Specify the number of the axes group to enable in the MC_GroupEnable (Enable Axes Group) instruc-
tion to enable operation instructions for an axes group in the user program. An instruction error occurs
if you execute a motion control instruction for an axes group that is not enabled. You can enable more
than one axes group at the same time, but if you enable more than one axes group that include the
same axis, an instruction error occurs.

If you want to operate the same axis in different axes groups for each work process, create multiple
axes groups that include that axis. You can then use the MC_GroupEnable (Enable Axes Group) and
MC_GroupDisable (Disable Axes Group) instructions to enable and disable these axes groups as you
need to use them.

If you execute the MC_GroupDisable (Disable Axes Group) instruction during multi-axes operation, the
axes in the group will decelerate to a stop.

siajoweled dnoig saxy g-G
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Motion Control Programming
I

This section provides the specifications of a motion control program and the operation
procedures that are required up through actual program development.
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6-2-1 Function Blocks for PLCopen® Motion Control . ....................... 6-3
6-2-2 Motion Control Instructions of the MC Function Module ................. 6-3
6-3 State Transitions ............ ... ... it 6-4
6-3-1 Status of the Motion Control FunctionModule . .. ........ ... ... ... .... 6-4
6-3-2  AXis States . ... 6-5
6-3-3  Axes Group States . .......... . 6-7
6-4 Execution and Status of Motion Control Instructions ................ 6-9
6-4-1 Basic Rules for Execution of Instructions ............ ... ... ... ... ..... 6-9
6-4-2 Execution TimingCharts ........... ... .. ... . . . . . .. 6-11
6-4-3  Timing Chart for Re-execution of Motion Control Instructions ............ 6-14
6-4-4  Timing Chart for Multi-execution of Motion Control Instructions .......... 6-15
B6-5 PoOSitions ...... ... ... et 6-16
6-5-1 Types of Positions . ... ... . . . 6-16
6-5-2  Valid Positions for Each Axis Type . ... ... ... .. . i 6-17
6-6 System-defined Variables for MotionControl ...................... 6-18
6-6-1 Overview of System-defined Variables for Motion Control .............. 6-18
6-6-2  System for System-defined Variables for Motion Control ............... 6-21
6-6-3  Tables of System-defined Variables for Motion Control .. ............... 6-22
6-7 Cam Tables and Cam Data Variables ............................. 6-33
6-8 Programming MotionControls ............... ... ..o iiieinn.. 6-37
6-9 CreatingCamTables ............cciiiiiiiiiiii ittt innnnnnnnns 6-39

NY-series Industrial Panel PC / Industrial Box PC Motion Control User’s Manual (W559) 6-1



6 Motion Control Programming

6-1 Introduction

The NY-series Controller can perform both sequence control and motion control.

Write motion control instructions into the user program to perform motion control with EtherCAT slave
Servo Drives, NX-series Position Interface Units, and other devices.

Programs that contain motion control instructions are called motion control programs.

You must assign Axis Variables to EtherCAT slave Servo Drives and NX-series Position Interface Units.
If you do not assign Axis Variables, assign device variables in the same way as for a general-purpose
slave. Motion control instructions can be used in the primary periodic task, in a priority-5 periodic task,
and in a priority-16 periodic task.

@ Additional Information

You can assign device variables to the 1/O ports of slaves and Units that are assigned to the Axis
Variables.

Refer to 2-4-2 Relationship between EtherCAT Master Function Module and MC Function Mod-
ule for details.

User program in PLC Controller functions
Al FunctonModule - - -} - = = = = = = = = = = = = - - - - - - 5
I
! . | |
Instructions Executed. |
! H H  other than !
! motion control |
! instructions 0 !
: % EtherCAT I
© a ther |
Sequence | H H User-created Executed. 5 5 EtherCAT |
control [ function block ; @) slaves [
| g = |
I 8 I
! Executed. 1
\ |
. i I
1 — . ]
1T T ———————[¢ Exe¢-— — T T T R A —"
! H H " uted. MC Function Module | Task period, AN EtherCAT EtherCAT | EtherCAT slaves :
| Motion control 3 Master Servo Drive or I
I instructions s * Profile processing Y| Function encoder input I
Motion control | Exec- | © * Synchronization Module terminal |
! > processing ) Position Interface |1
| H . uted. | 7, Task period Unit
X Motion control < Other processing 4’\ ' |
X instructions < — :
I ]
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6 Motion Control Programming

6-2 Motion Control Instructions

Motion control instructions are used in the user program to execute motion controls for an NY-series
Controller. These instructions are defined as function blocks (FBs). The motion control instructions of
the MC Function Module are based on the technical specifications of function blocks for PLCopen®
motion control. There are two types of motion control instructions: PLCopen®-defined instructions and
instructions that are unique to the MC Function Module. This section provides an overview of the PLCo-
pen® motion control function blocks and gives the specifications of the MC Function Module.

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for basic information on the NY-series function blocks (FBs).

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

6-2-1 Function Blocks for PLCopen® Motion Control

PLCopen® standardizes motion control function blocks to define a program interface for the languages
specified in IEC 61131-3 (JIS B 3503). Single-axis positioning, electronic cams, and multi-axes coordi-
nated control are defined along with basic procedures for executing instructions.

By using PLCopen® motion control function blocks, the user program can be more easily reused with-
out hardware dependence. Costs for training and support are also reduced.

SUO0I}2NIISU| [0JJUO0T UOIO Z-9

% Additional Information

PLCopen®

PLCopen® is an association that promotes IEC 61131-3. It has its headquarters in Europe and a
world-wide membership. IEC 61131-3 is an international standard for PLC programming.

 The website of headquarters of PLCopen® in Europe is http://www.plcopen.org/.

6-2-2 Motion Control Instructions of the MC Function Module

There are three types of motion control instructions. They are given in the following table.

Type Outline
Common commands Common instructions for the MC Function Module
Axis commands Instructions for MC Function Module to perform single-axis control
Axes group commands Instructions for MC Function Module to perform multi-axes coordinated control

For a list of the instructions that you can use with the MC Function Module, refer to the NY-series
Motion Control Instructions Reference Manual (Cat. No. W561).
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6-3 State Transitions

The states of axes and axes groups and state transitions caused by the execution of instructions are
based on the technical specifications of function blocks for PLCopen® motion control. This section pro-
vides an overall description of the MC Function Module, states, and state transitions.

6-3-1 Status of the Motion Control Function Module

The overall states of the MC Function Module are described in the following table.

State name Definition

MC Run Mode™1 Motion control instructions are enabled. The motion control
instructions in the user program are interpreted and motion con-
trol is performed. You can set the MC Run Mode state regard-
less of the operating mode of the Controller functions.

MC Test Mode*2 In this state, you can execute a test run from the Sysmac Studio.

Saving Cam Table File™3 This state exists while the system performs save or wait pro-
cessing for a cam table file.

Generating Cam Table™4 This state exists while the system is generating the came
table."5

*1 This state can be monitored with the MC Common Variable _MC_COM.Status.RunMode.

*2 This state can be monitored with the MC Common Variable _MC_COM.Status. TestMode.

*3 This state can be monitored with the MC Common Variable _MC_COM.Status.CamTableBusy.

*4 This state can be monitored with the MC Common Variable _MC_COM.Status.GenerateCamBusy.

*5 When you turn OFF the power supply for the Industrial PC, make sure that generation of the cam table is not in
progress. If you turn OFF the power supply for the Industrial PC while generation of the cam table is in prog-
ress, the cam table will not be generated correctly.
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6 Motion Control Programming

The operation of an axis when motion control instructions are executed for it is shown in the following
figure. Motion control instructions are executed in sequence and axes enter one of the states listed in

the following table.

MC_Move
MC_MoveAbsolute
MC_MoveRelative
MC_MoveFeed *8
MC_MoveZeroPosition

MC_Gearln (slave axis)
MC_GearlnPos (slave axis)
MC_Camin (slave axis)

MC_CombineAxes (slave axis)

MC_Movelink (slave axis)

MC_SyncMoveVelocity
MC_MoveVelocity

MC_GearOut Synchronized Motion MC_TorqueControl
MC_CamOut Synchronized MC_Movedog
Discrete Motion Y »{ Continuous Motion
Discrete Continuous
: *7
MC_Stop
Deceleration Stopping o
Stopping MC_ImmediateStop *
A 2
Error Deceleration Stopping <~ - - 5
"6 ErrorStop 3
MC_Home - 2
MC_HomeWithParameter v v 3 =
Homing Standstill Axis Disabled 2 @
Homing —  Jfe----- Standstill Disabled

\

Coordinated Motion
Coordinated

*7: MC_ResetFollowingError

2]
*1 Transition into this state occurs when there is an axis error in any state except for Coordinated Motion state. S
*2 Transition into this state occurs when there are no axis errors and the Status output to the MC_Power instruc- §
tion is FALSE. (The Servo is OFF.) 0
*3 Transition into this state occurs if an error is reset with the MC_Reset or ResetMCError instruction when the g
Servo is OFF. @
*4 Transition into this state occurs if an error is reset with the MC_Reset or ResetMCError instruction when the
Servo is ON.

*5 Transition into this state occurs when the Enable input to the MC_Power instruction changes to TRUE and the
Status (Servo ON) output from the MC_Power instruction changes to TRUE. (The Servo is ON.)

*6 Transition into this state occurs when the Done output from the MC_Stop instruction is TRUE and the Execute
input to the MC_Stop instruction changes to FALSE.

*7 Transition into the Deceleration Stopping state occurs when the MC_ResetFollowingError instruction is exe-
cuted.

*8 The Continuous Motion state exists from when velocity control is set for the MoveMode input variable of the
MC_MoveFeed instruction until a trigger input is detected.

State name Definition
Servo OFF In this state, the Servo is OFF for the axis. When this state is moved to, the
buffered status for multi-execution of instructions is cleared.
Axis Disabled In this state, the Servo is OFF for the axis, the axis is stopped, and execution

preparations are completed.

In this state, the Servo is OFF for the axis, the axis is stopped, and an axis error
has occurred.

Error Deceleration
Stopping™1
Servo ON

In this state, the Servo is ON for the axis.
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State name Definition
Stopped In this state, the Servo is ON for the axis and the axis is stopped.
Discrete Motion In this state, positioning is performed for the specified target position. This

includes when waiting the in-position status and when the velocity is 0 because
the override factor was set to 0 during a discrete motion.

Continuous Motion In this state, continuous motion control is executed with no specified target
position. This state exists during velocity control or torque control. This includes
when the velocity is 0 because the target velocity is set to 0 and when the
velocity is O due to an override factor set to 0 during continuous motion.

Synchronized Motion In this state, the synchronized control is performed for the axis with synchro-
nized control commands. This includes waiting for synchronization after chang-
ing to synchronized control instructions.

Deceleration Stopping | In this state, the axis is stopping due to a MC_Stop or MC_TouchProbe (Enable
External Latch) instruction. This includes when Execute is TRUE after stopping
for the MC_Stop instruction. In this state, it is not possible to execute axis oper-
ation commands. If an attempt is made to execute one, CommandAborted for
the instruction changes to TRUE.

Error Deceleration In this state, the Servo is ON for the axis and an axis error has occurred. This
Stopping™? includes during execution of the MC_ImmediateStop (Immediate Stop) instruc-
tion and during a deceleration stop for an axis error. It is not possible to execute
axis operation commands in this state. The instruction will enter the aborted
(CommandAborted = TRUE) status if executed.

Homing In this state, home is being searched for by the MC_Home or MC_HomeWith-
Parameter instruction.

Coordinated Motion In this state, the axes group was enabled by an instruction for an axes group
command. In this state, the axis is in motion for an axes group state of Group-
Moving, GroupStopping, or GroupErrorStop.

*1 The Error Deceleration Stopping state occurs both when the Servo is ON and when the Servo is OFF for the
axis.

Note You can monitor the axis status in the member variables of the Axis Variables _ MC_ AX][0].Status to
_MC_AX][63].Status.

Refer to the NX-series Position Interface Units User’'s Manual (Cat. No. W524) for information on using
the NX-series Position Interface Units.
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6-3-3 Axes Group States

The operation of an axes group when motion control instructions are executed for it is shown in the fol-
lowing figure.

MC_GroupStop

Deceleration Stopping
, Stopping

MC_GrouplmmediateStop

Error Deceleration Stopping
ErrorStop

MC_GroupEnable vl /¥
—>( Standby "6
~ Standby
MC_GroupDisable
*5

Axes Group Disabled
Disabled

*1 The Moving state is entered for any axes group motion control instruction.

*2 The ErrorStop state is entered from any other state. It is even entered if an error occurs when the axes group
is disabled.

*3 The Standby state is entered when the MC_GroupReset or ResetMCError instruction is executed for an
enabled axes group.

*4 The Disabled state is entered when the MC_GroupReset or ResetMCError instruction is executed for a dis-
abled axes group.

*5 The same state is returned to if the MC_GroupDisable is executed in ErrorStop state.

*6 Stopping state is entered when the Done output variable from the MC_GroupStop instruction is TRUE and the
Execute input variable to the same instruction is FALSE.

*7 Ready state is entered if all of the following conditions are met in Standby state.
¢ The Servo is ON for all composition axes.
* Execution of the MC_Stop instruction is not in progress for any composition axis.

suolisuel] ajejs ¢-9
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¢ Home is defined for all composition axes.

State name Definition
Axes Group Disabled The axes group is disabled in this state. When this state is entered, the buffered
status for multi-execution of instructions is cleared.
Error Deceleration In this state, an error occurred in an axes group that is disabled.
Stopping™1
Axes Group Enabled The axes group is enabled in this state.
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State name Definition
Standby In this state, no instructions for axes group commands are executing. (This is
independent of the Servo ON/OFF status of the composition axes in the axes
group)
Moving In this state, positioning is performed for the specified target position due to a

motion instruction for an axes group command. This includes during the in-
position check and when the velocity is 0 because the override factor was set to
0 while the group was in motion.

Deceleration Stopping

In this state, the MC_GroupStop instruction is executing. This includes when
Execute is TRUE after stopping for the MC_GroupStop instruction. In this state,
it is not possible to execute a motion for an axes group command. If one is exe-
cuted, CommandAborted for the instruction will change to TRUE.

Error Deceleration
Stopping™1

In this state, an axes group error has occurred. This includes during execution
of the MC_GrouplmmediateStop (Axes Group Immediate Stop) instruction and
during a deceleration stop for an axes group error. It is not possible to execute
multi-axes coordinated control commands in this state. If an attempt is made to
execute one of them, CommandAborted for the instruction will change to
TRUE.

*1  The Error Deceleration Stopping state occurs both when the axes group is enabled and when it is disabled.

Note You can monitor the axes group status in the member variables of the Axes Group Variables

_MC_GRP[0-31].Status.
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6-4 Execution and Status of Motion
Control Instructions

Variables that represent the execution status of instructions and variables that are used to execute

motion control instructions are defined in the MC Function Module. There are two input variables that
you use to execute motion control instruction functions: Execute and Enable. The following output vari-
ables indicate the execution status of an instruction: Busy, Done, CommandAborted, and Error.

Basic Rules for Execution of Instructions

The basic rules for the MC Function Module are listed in the following table. You can find execution
examples in 6-4-2 Execution Timing Charts. Refer to these examples as well.

Item

Rule

Exclusiveness of out-
puts

The following output variables are exclusively controlled and only one of them can be
TRUE at the same time: Busy, Done, Error, and CommandAborted.

Similarly, only one of the following output variables can be TRUE at the same time:
Active, Done, Error, and CommandAborted.

Busy and Active may be TRUE at the same time in some cases.

Output status

The output variables Done, InGear (Gear Ratio Achieved), InSync, InVelocity (Target
Velocity Reached), and CommandAborted change to FALSE when the input variable
Execute changes to FALSE. The actual execution of a motion control instruction is not
stopped when Execute changes to FALSE. Even if Execute changes to FALSE before
the instruction finishes execution, the corresponding output variable will be TRUE for at
least one period if the status of the instruction instance changes.

The output variable Error will not reset to FALSE and the output variable ErrorID (Error
Code) will not reset to 0 until you execute one of the following instructions: MC_Reset,
MC_GroupReset, or ResetMCError.™1

If the Execute variable of the same instruction instance changes to TRUE again (i.e., if
the instruction is restarted) during the execution of a motion control instruction, the Com-
mandAborted variable will not change to TRUE.

Input parameters

For motion control instructions that are started with the input variable Execute, the values
of the input parameters when Execute changes to TRUE are used. For motion control
instructions that start for the input variable Enable, the current values of the input param-
eters during each period when Enable is TRUE are used.

Omitting input param-
eters

The default value applies if you omit an input parameter for an instruction instance.*2

Position (Target Posi-
tion) and Distance
(Travel Distance)

The input variable Position is defined as a value in the coordinate system. The input vari-
able Distance is the relative length, i.e., it is the difference between two positions.

Sign rules

The input variables Acceleration, Deceleration, and Jerk are non-negative values. Posi-
tion (Target Position), Distance (Travel Distance), and Velocity (Target Velocity) can be
positive, negative, or 0.
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6-10

Item Rule

Error processing There are two output variables that represent an error when a problem occurs during the
execution of an instruction instance. These outputs are defined as follows:

» Error. The output variable Error changes to TRUE to indicate that an error occurred
during the execution of the instruction instance.

* ErroriD (Error Code): This is an error code that represents the cause of the error.

The output variables Done, InVelocity (Target Velocity Reached), InGear (Gear Ratio
Achieved), and InSync all represent normal completion or normal operation and there-
fore will never be TRUE when the output variable Erroris TRUE.

Types of errors:

* Instruction instance errors (e.g., parameter out of range and illegal condition for state
transition)

* Axis errors (e.g., Following Error Limit Exceeded and Servo Drive errors)

Some instruction instance errors may not cause an axis error but will cause the axis to
stop.

Operation of output The output variable Done, InGear (Gear Ratio Achieved), or InSync will change to TRUE
variable Done when the instruction ends operation normally or when the commanded condition is
reached. For movement instructions for which a target position is specified, the timing of
when the output variable Done changes to TRUE depends on the setting of the In-posi-
tion Check Time axis parameter.

* |f the In-position Check Time axis parameter is set to any value but 0, output variable
Done changes to TRUE in the next period after the period in which positioning is com-
pleted.

* If the In-position Check Time axis parameter is set to 0, output variable Done changes
to TRUE in the next period after the period in which pulse distribution is completed.

When working with multiple instructions that operate on the same axis, the output vari-

able Done from the first instruction will not change to TRUE if another operation instruc-

tion takes over before the axis operation for the first instruction reaches the target

position.
Operation of output The output variable CommandAborted will change to TRUE when another operation
variable Command- instruction interrupts the commanded operation. For the MC Function Module, this vari-
Aborted able will change to TRUE when a motion control instruction is executed and the target

axis or axes group causes an error or is decelerating to a stop. All other output variables
change to FALSE when CommandAborted changes to TRUE.

Input variables out- The instruction instance will output an error when it is executed with an input variable that
side of valid range is outside of the valid range.

Operation of output The output variable Busy is TRUE when the instruction instance is executing. Busy will
variable Busy change to TRUE when the input variable Execute changes to TRUE. Busy will change to
FALSE when the output variable Done, CommandAborted, or Error changes to TRUE. It
is impossible to know when the above output variables will change. Write your programs
so that the instruction instance executes every period™3 while Busy is TRUE so that you
can monitor for changes in the output variables. For a single axis or single axes group,
the Busy variable of more than one instruction instance can be TRUE at the same time.
However, the output variable Active of only one instruction instance can be TRUE at one
time. However, the MC_Phasing (Shift Master Axis Phase) instruction is an exception to
this rule.

Output variable Active | The output variable Active changes to TRUE when the instruction instance obtains per-
mission to control the applicable axis.

The output variable Active may change slower than the Busy variable.*

*1 Under the PLCopen® specifications, Error changes to FALSE and ErrorlD changes to 0 when Execute
changes to FALSE. When Error is TRUE, the motion control instruction is not executed. Instructions are not
executed after an error is cleared even if Execute is TRUE. Execute must change from FALSE to TRUE to exe-
cute the instruction. Enable-type motion control instructions are executed if their Enable variable is TRUE
when an error is reset.

*2 When you program the instruction in a ladder diagram, insert an input between the input variable Execute or
Enable and the left bus bar. If the instruction is connected directly to the left bus bar without an input, an error
occurs when the program is built. Set the initial value for or omit any input variable that is reserved.
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*3 If the condition expressions or set values for ST Structure instructions do not match, the instructions in that
statement are not executed. For details, refer to the NY-series Motion Control Instructions Reference Manual
(Cat. No. W561).

*4 Refer to the NY-series Motion Control Instructions Reference Manual (Cat. No. W561) for an output variable
timing chart.

EI Precautions for Correct Use

» Confirm that EtherCAT process data communications are active and normal before you exe-
cute motion control instructions.
Refer to 10-2-1 Monitoring EtherCAT Communications and Turning ON Servos for details.

» Write the user program so that Execute is FALSE during the first period in which the instruction
is executed.

6-4-2 Execution Timing Charts

The motion control instructions in the MC Function Module are function blocks that are unconditionally
executed. This section calls instructions that are executed according to the Execute input variable "exe-
cute-type instructions" and instructions that are executed according to the Enable input variable
"enable-type instructions."

Execution condition Description

Execute variable These motion control instructions are executed when the input variable Execute to the
instruction changes to TRUE. These instructions will continue execution until one of the
following status occurs.

» The specified operation is completed.

* Another motion control instruction is executed and interrupts operation.

* The instruction is restarted when Execute changes from FALSE to TRUE again.
Values for the other input variables are input when Execute changes to TRUE.

Enable variable These motion control instructions are executed every period while the input variable
Enable to the motion control instruction is TRUE. As long as Enable is TRUE, the other
input variables are also input every period. However, MC_MoveJog input variables
Velocity, Acceleration, and Deceleration are an exception to this rule. The values when
PositiveEnable or NegativeEnable changes to TRUE are used for these input variables.

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 NY-series Industrial
Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558) for details on data trac-

ing.
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6 Motion Control Programming

6-12

I Timing Charts for Execute-type Instructions

* The following timing chart shows the operation of the instruction when it is completed while the input
variable Execute is TRUE. The following timing chart is for when an error does not occur through
when Execute changes to FALSE.

CommandAborted

Error

* The following timing chart is for when an error occurs while input variable Execute is TRUE. After
completion, the output variable Error will remain TRUE even if Execute changes to FALSE.

Execute J |

Busy _ |

Done

CommandAborted

Error |

* The following timing chart is for when the instruction is interrupted during execution while input vari-
able Execute is TRUE.

CommandAborted

Error

¢ The following timing chart is for when the input variable Execute is TRUE for only one period and an
error does not occur for the instruction. The output variable Done will change to TRUE for only one
period after the instruction operation is completed.

Execute |_|
Busy _ |
Done | |_|

CommandAborted

Error
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6 Motion Control Programming

* The following timing chart is for when the input variable Execute is TRUE for only one period and an
error occurs for the instruction. The output variable Error will remain TRUE.

Execute |_|
Busy _—l
Done |
CommandAborted

Error |

I Timing Charts for Enable-type Instructions

* The following timing chart is for when the input variable Enable changes to TRUE and an error does
not occur for the instruction.

. AN
Enabled . N
Busy
Error

SUO0IJ2NIISU| [0J3UO0D UOKO JO SNJLIS PUB UOIINIBXT -9

* The following timing chart is for when the input variable Enable changes to TRUE and an error occurs
for the instruction.

Enable J\ |
Enabled [ |

Busy

Error |

% Additional Information

Enable and Enabled change at the same time for instructions such as MC_ZoneSwitch (Zone
Monitor) and MC_AxesObserve (Monitor Axis Following Error). For details on the timing of indi-
vidual instructions, refer to the NY-series Motion Control Instructions Reference Manual (Cat.
No. W561).

speyD Buiwi] uoyndex3 z-4-9
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6-4-3 Timing Chart for Re-execution of Motion Control Instructions

If the values of the input variables to the same instance are changed while the motion control instruction
is under execution and Execute is changed to TRUE, FALSE, and then back to TRUE again, operation
will follow the new values.

The following timing chart is for when the velocity is changed for MC_MoveAbsolute (Absolute Position-
ing) instruction.

Execute |_| |_|
Busy I \ : |
Active I * |

Done i |_|

Error '

Velocity !
y .

Target
velocity 2

Target
velocity 1

Time
For details on re-executing instructions for the MC Function Module, refer to 9-5-6 Re-executing Motion
Control Instructions and 9-7-4 Re-executing Motion Control Instructions for Multi-axes Coordinated
Control.
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6-4-4 Timing Chart for Multi-execution of Motion Control Instructions

Another instance can be executed for an axis during axis motion. Set the input variable BufferMode to
specify when to start operation.

The following figure shows an example in which BufferMode (Buffer Mode Selection) is set to aborting
when MC_MoveAbsolute (Absolute Positioning) instructions are executed with multi-execution of
instructions.

“FB1” and “FB2” in the following figure are the instance names of the instructions.

FB1

Execute |_|

Busy |

Active I |

Done

CommandAborted |_|

Error

ErrorlD 16#0000

FB2 :
Execute : |_|

Busy : \ |
’ |

Active
Done |_|

CommandAborted i :

Error : '

ErrorlD 16#0000
Velocity .

FB2 target velogity f-------i--cccocoaoooo L i

FB2 travel
distance

FB1 target velocity |------- -

FB1 travel '
distance

e
o

Time
For details on multi-execution of instructions for the MC Function Module, refer to 9-5-7 Multi-execution
of Motion Control Instructions (Buffer Mode) and 9-7-5 Multi-execution (Buffer Mode) of Motion Control
Instructions for Multi-axes Coordinated Control.
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6 Motion Control Programming

6-5 Positions

This section describes the positions that are used in motion control programming.

6-5-1 Types of Positions

The MC Function Modules uses the following two types of positions.

Type of position Definition
Command position This is the position that the MC Function Module outputs to control an axis.
Actual position The actual position as input from the Servo Drive or encoder input.

The following figure shows the relationship between the command position and the actual position for
an EtherCAT slave Servo Drive.

User program MC Function Module ComrI?anld pc))sitlion Servo Drive
- T [Electronic] _ (Pulses 7 —
vt H] Toren o rla T o [ oo [ fpestonioosh =
instruction processing command units) |[Tn-position check counter counter Velocity loop
Remainder  Actyal position Current loop
i n (pulses)
Actual it
O (ccfré‘n?aﬁff'u ;ﬁps) Em;ér;rmc | rgggr?t?;k E
Remainder
The command position and actual position share the following items.
Item Command position Actual position

Count Mode You can set Linear Mode or Rotary | The same Count Mode is used as
Mode. for the command position.

Position increment You can set one of the following: The unit is the same as the unit of
mm, um, nm, inch, degree, or pulse. | the command position.

Software limits You can set the range of operation | The range is the same as the range
of the software. for the command position.

Changing the current position You can change the actual position | This value will be set to the same
to any desired position. position as the command position.”

Defining home Home is either defined or The status of home is the same as
undefined. the command position.

* If there is any following error before the change, the following error value is maintained in the actual position.

% Additional Information

* For a virtual servo axis, the command current value is converted to pulses and then that value
is converted to the unit of display. The resulting value is used as the actual current value.

1 —
User program MC Function Module Command position
| Eowr—r—— | ulses
Motion control [—1*-|Motion control[#1Command position >|Electronic gear} (p ) > \
instruction processing (command units) In-position check r—l | Actual |
Remainder position Return

Actual position . (pulses)
. Electronic gear}
(command units) }
Remainder

» Refer to the NX-series Position Interface Units User's Manual (Cat. No. W524) for information
on the NX-series Position Interface Units.
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6-5-2 Valid Positions for Each Axis Type

The following table lists the valid positions for each axis type.

. Types of positions
Axis type p P
Command position Actual position
Servo axis Applicable Applicable
Virtual servo axis Applicable Applicable™
Encoder axis Cannot be used. Applicable
Virtual encoder axis Cannot be used. Applicable™2

*1  For a virtual servo axis, the actual position is the same as the command position. (However, there is some-
times calculation error because processing is performed with long reals in the MC Function Module.)

*2 This is used when there is no actual encoder.
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6 Motion Control Programming

6-6 System-defined Variables for Motion
Control

This section describes the variables of the MC Function Module.

6-6-1 Overview of System-defined Variables for Motion Control

The NY-series Controller is compliant with the IEC 61131-3 standard. Parameter settings, status
information, and other data are handled as variables in the user program in the NY-series Controller.
Of these, system-defined variables that belong to the MC Function Module are called system-
defined variables for motion control.

I Types of System-defined Variables for Motion Control

The following table lists all of the types of system-defined variables for motion control.

Level 1 Level 2 Level 3 Description
System-defined System-defined vari- | MC Common You can monitor the overall status of the
variables ables for motion Variable MC Function Module.

control Axis Variables You can monitor axis status and the set-
tings of part of the axis parameters.
Axes Group You can monitor axes group status and the
Variables settings of part of the axes group parame-
ters.

® MC Common Variable

You can monitor the overall status of the MC Function Module with the MC Common Variable. The
variable name is _MC_COM.

® Axis Variables

Use these variables to handle EtherCAT slaves, Servo Drives, encoder input terminals, NX-series
Position Interface Units, virtual Servo Drives, and virtual encoder input terminals.

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

You can change any of the Axis Variables that you create on the Sysmac Studio.

¢ Axes Group Variables in the system-defined :_MC_AX[0]to _MC_AX[63]
variables

» Default Axes Group Variables when axes : MC_Axis000 to MC_Axis063 (default)
groups are created on Sysmac Studio
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® Axes Group Variables

Use these variables to handle multiple axes as a single group.

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

You can change any of the Axes Group Variables that you create on the Sysmac Studio.

* Axes Group Variables in the system-defined :_MC_GRP[0] to _MC_GRP[31]
variables

» Default Axes Group Variables when axes : MC_Group000 to MC_Group031 (default)
groups are created on Sysmac Studio

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for details on the variables that are used by an NY-series Controller.
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I Data Types Used for System-defined Variables for Motion Control

System-defined variables for motion control use both basic data types and derivative data types.

@ Basic Data Types

Category Data type

Size

Range of values

Notation

Boolean BOOL

TRUE or FALSE

TRUE or FALSE

Integer UINT

0 to +65,535

UDINT

0 to +4,294,967,295

Binary expression: "2#" is added to the
front of the number

Octal expression: "8#" is added to the
front of the number

Decimal expression: "10#" is added to
the front of the number

Hexadecimal expression: "16#" is added
to the front of the number

If you do not add any notation to the
beginning of a number, that number is
treated as a decimal number.

Example:

Binary Notation
2#1111_ 1111
2#1110_0000

Octal Notation
8#377
8#340

Decimal Notation
-12 0 123_456 +986
10#1234

Hexadecimal Notation
16#FF 16#ff
16#E0 16#e0

Floating- LREAL
point

numbers

—1.79769313486231e+308 to
—2.22507385850721e-308,
0,

2.22507385850721e-308 to
1.79769313486231e+308,
positive infinity, or negative
infinity

Written as (sign) + integer_part + (deci-
mal_point) + (decimal_part) + (exponent).
You can omit items in parentheses.

Example:
2

-12.0

0.0
0.4560
3.14159_26
—1.34E-12
-1.34e-12
1.0E+6
1.0e+6
1.234E6
1.234€6

* BOOL data is only 1 bit in size but it takes up 2 bytes of memory.

6-20
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@ Derivative Data Types

Type Description

Enumerated data types This data type uses one item from a prepared name list as its
value. Variables with this data type start with “_e.”

Structure data type This data type consists of multiple data types placed
together into a single layered structure. Variables with this
data type start with “_s.”

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No.
W558) for details on the other data types that are used by an NY-series Controller.

I Attributes of System-defined Variables for Motion Control

The attributes that are shown in the following table are the same for all system-defined variables for
motion control.

Attribute Attribute of system-defined variables for motion control
Global/Local Global variable
R/W access Read only
Retain Non-retain
Network Publish Publish*

* Variables are published on the network with the variable names of the system-defined variables. The variable
names that are created when the axes or axes groups are created on the Sysmac Studio are not published to the
network.

|043U0D UOIJOJ 1O} SB|qeLIBA paulyap-walsAs 9-9

6-6-2 System for System-defined Variables for Motion Control

System-defined variables for motion control consist of information representing the status of the MC
Function Module, status information for slave devices connected via EtherCAT communications,
and the portion of the MC parameter settings used to perform motion control.

You can access system-defined variables for motion control as variables in the user program and
monitor them from the Sysmac Studio.

Sysmac Studio

NY-series Controller

EtherCAT
communi-
cations

Servo Drive
/and other devices™\

— Main memory —
System-defined

User program variables for

motion control

Data movement |_|Accessed.| , MC Function Module® |} _____: _
instructions B MC Common Variable| | [—= L processing 4 | 1 Status

Axis Variables D ’
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] Axes Group Variables \
Monitor display AR

. Y, N
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I Update Timing of System-defined Variables for Motion Control

The system-defined variables for motion control are updated every primary task period.

6-6-3 Tables of System-defined Variables for Motion Control

This section provides tables that describe the system-defined variables for motion control.

I MC Common Variable

The variable name _MC_COM is used for the MC Common Variable. The data type is _sCOM-
MON_REF, which is a structure variable. This section describes the configuration of the MC Common
Variable and provides details on the members.

Variable name Data type Meaning Function
_MC_COM _sCOMMON_REF MC Common Variable
Status _sCOMMON_REF_STA MC Common Status
RunMode BOOL MC Run TRUE during MC Function Module
operation.
TestMode BOOL MC Test Run TRUE during test mode operation
from the Sysmac Studio.
CamTableBusy | BOOL Cam Table File Save TRUE while the Cam Table is being
Busy saved or on standby.
Generate BOOL Generating Cam Table | TRUE while the cam table is being
CamBusy generated.
PFaultLvl _sMC_REF_EVENT MC Common Partial TRUE while the cam table is being
Fault generated.
Active BOOL MC Common Partial TRUE while there is an MC common
Fault Occurrence partial fault.
Code WORD MC Common Partial Contains the code for an MC com-
Fault Code mon partial fault. The upper four dig-
its of the event code have the same
value.
MFaultLvl _SMC_REF_EVENT MC Common Minor
Fault
Active BOOL MC Common Minor TRUE while there is an MC common
Fault Occurrence minor fault.
Code WORD MC Common Minor Contains the code for an MC com-
Fault Code mon minor fault. The upper four digits
of the event code have the same
value.
Obsr ~sMC_REF_EVENT MC Common Obser-
vation
Active BOOL MC Common Obser- TRUE while there is an MC common
vation Occurrence observation.
Code WORD MC Common Obser- Contains the code for an MC com-
vation Code mon observation. The upper four dig-
its of the event code have the same
value.
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_MC_AX]|0-63] are the Axis Variables in the system-defined variables. The data type is _sAXIS_REF,
which is a structure variable.

Variable 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 indicates the same status as when

_MC_AX[*].Status. Standstill is TRUE (stopped).

Disabled

BOOL

Axis Disabled

TRUE while the Servo is OFF for the axis.

The following axis states are mutually exclusive.
Only one can be TRUE at the same time.

Disabled, Standstill, Discrete, Continuous, Syn-
chronized, Homing, Stopping, ErrorStop, or Coor-
dinated

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 or torque
control.

This includes when the velocity is 0 because the
target velocity is set to 0 and when the velocity is
0 due to an override factor set to 0 during continu-
ous 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 or
MC_HomeWithParameter instruction.

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
Stopping

This status exists when the axis is stopping or
stopped for execution of the MC_ImmdediateStop
instruction or a minor fault (while

_MC_AX[*]. MFaultLvl.Active is TRUE (Axis Minor
Fault Occurrence).

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

Coordinated

BOOL

Coordinated Motion

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

Data type

Meaning

Function

Details _sAXIS_REF_DET | Axis Control Status Gives the control status of the command.

Idle BOOL Idle TRUE when processing is not currently performed
for the command value, except when waiting for
in-position state.”?

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

InPosWaiting BOOL In-position Waiting TRUE when waiting for in-position state. The in-
position check performed when positioning for the
in-position check.

Homed BOOL Home Defined TRUE when home is defined."2
FALSE: Home not defined.

TRUE: Home is defined

InHome BOOL In Home Position TRUE when the axis is in the range for home. It

gives an AND of the following conditions.

* Home defined

* The actual current position is in the zero posi-
tion range with home as the center.

TRUE also when the zero position is passed by

while the axis is moving in command status.

VelLimit*3 BOOL Command Velocity TRUE while the command velocity is limited to the

Saturation maximum velocity during synchronized control.
Dir _sAXIS_REF_DIR Command Direction Gives the command travel direction.

Posi BOOL Positive Direction TRUE when there is a command in the positive
direction.

Nega BOOL Negative Direction TRUE when there is a command in the negative
direction.

DrvStatus _sAX- Servo Drive Status Gives the status of the Servo Drive.
IS_REF_STA DRV
ServoOn BOOL Servo ON TRUE when the Servomotor is powered.
Ready BOOL Servo Ready TRUE when the Servo is ready.™4
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*6
ImdStop BOOL Immediate Stop Input | TRUE when the immediate stop input is enabled.
Latch1 BOOL External Latch Input 1 | TRUE when latch input 1 is enabled.
Latch2 BOOL External Latch Input 2 | TRUE when latch input 2 is enabled.
DrvAlarm BOOL Drive Error Input TRUE while there is a Servo Drive error.
DrvWarning BOOL Drive Warning Input TRUE while there is a Servo Drive warning.
ILA BOOL Drive Internal Limiting | TRUE when the Servo Drive limiting function actu-
ally limits the axis. This corresponds to one of the
following limits in the G5-series Servo Drive.*7
CSP BOOL Cyclic Synchronous TRUE when the Servo is ON at the Servo Drive
Position (CSP) and the current mode is CSP Mode."8
Control Mode

CSvV BOOL Cyclic Synchronous TRUE when the Servo is ON at the Servo Drive
Velocity (CSV) and the current mode is CSV Mode.*®
Control Mode

CST BOOL Cyclic Synchronous TRUE when the Servo is ON at the Servo Drive
Torque (CST) and the current mode is CST Mode."S
Control Mode
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Variable name

Data type

Meaning

Function

Cmd

_SAXIS_REF_CM-
D_DATA

Axis Command Values

Pos

LREAL

Command Current
Position

Contains the current value of the command posi-

tion. (Unit: command units)

When the Servo is OFF and the mode is not posi-
tion control mode, this variable contains the actual

current position. 9

Vel

LREAL

Command Current
Velocity

Contains the current value of the command veloc-
ity. (Unit: command units/s)

A plus sign is added during travel in the positive
direction, and a minus sign during travel 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 accel-
eration/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. The value
is 0 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.
(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. The
value is 0 when the command acceleration/decel-
eration 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 during travel in the positive
direction, and a minus sign during travel in the
negative direction. Contains the same value as
the actual current torque except in torque control

mode. 10

Act

_SAX-
IS_REF_ACT_-
DATA

Axis Current Value

Pos

LREAL

Actual Current Posi-
tion

Contains the actual current position. (Unit: com-
mand units) "9

Vel

LREAL

Actual Current Velocity

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

A plus sign is added during travel in the positive
direction, and a minus sign during travel in the
negative direction.

Trg

LREAL

Actual Current Torque

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

A plus sign is added during travel in the positive
direction, and a minus sign during travel in the
negative direction.

TimeStamp

ULINT

Time Stamp

Contains the time when the current position of the
axis was updated. This variable is valid for an axis
for which time stamping is operating. (Unit: ns)
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Variable name

Data type

Meaning

Function

MFaultLvl _sMC_REF_EVENT | Axis Minor Fault
Active BOOL Axis Minor Fault TRUE while there is an axis minor fault.
Occurrence
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.
Obsr _sMC_REF_EVENT | Axis Observation
Active BOOL Axis Observation TRUE while there is an axis observation.
Occurrence
Code WORD Axis Observation Contains the code for an axis observation.
Code The upper four digits of the event code have the
same value.
Cfg _sAXIS_REF_CFG | Axis Basic Settings Gives the settings of the Axis Basic Settings
parameters.
AxNo UINT Axis Number Contains the logical number of the axis.
AxEnable _eMC_AXIS_USE Axis Use Shows if the axis is enabled or disabled.
0: _mcNoneAxis (Undefined Axis)
1: _mcUnusedAxis (Unused Axis)
2: _mcUsedAxis (Used Axis)
AxType _eMC_AXIS_TYPE | Axis Type Contains the axis type. I/O 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. "1
ExeclD UNIT Execution ID Contains the task execution ID.
0: Not assigned to task (undefined axis)
1: Assigned to primary periodic task
Scale _SAXIS_REF_S- Unit Conversion Set- | Gives settings of the electronic gear ratio.
CALE tings
Num UDINT Command Pulse Contains the number of pulses per motor rotation
Count Per Motor Rota- | for command positions. The command value is
tion converted to the equivalent number of pulses
based on the electronic gear ratio.
Den LREAL Work Travel Distance | Contains the workpiece travel distance per motor
Per Motor Rotation rotation for command positions.*12
Units _eMC_UNITS Unit of Display Contains the display unit for command positions.
0: _mcPlIs (pulse)
1: _mcMm (mm)
2: _mcUm (um)
3:_mcNm (nm)
4: _mcDeg (degree)
5: _mclnch (inch)
CountMode ~eMC_COUNT_MO | Count Mode Contains the count mode.
DE 0: _mcCountModeLinear (linear mode)
1: _mcCountModeRotary (rotary mode)
MaxPos LREAL Maximum Current Contains the maximum value of the current
Position position indication.”13
MinPos LREAL Minimum Curernt Contains the minimum value of the current
Position position indication. *14
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*1 This also includes states where processing is performed while in motion at velocity 0, during following error resets, during
synchronized control, and during coordinated motion.

*2 Even if the variable is TRUE, the home must be defined again in the following cases.
When you make a change in the position count settings or the unit conversion settings.
If an error or erroneous operation occurs on the Servo Drive, which leads to loss of absolute position data. Examples of
errors and erroneous operations include breaks of encoder cables and clear of absolute encoder data.

*3 Use VelLimit only for a slave axis that is currently in synchronized control.

*4 This variable is TRUE when the PDS state of the Servo Drive is either Ready to switch on, Switched on or Operation
enabled and the main circuit power supply (voltage enabled) is ON. However, if Main circuit power supply OFF
detection is set to Do not detect, ON/OFF status of the main circuit power supply is ignored. For details on the PDS
states and the Main circuit power supply OFF detection, refer to A-5 PDS State Transition.

*5 The Detailed Settings Area on the Axis Basic Settings Display of the Sysmac Studio gives the signal that is set for
encoder Z-phase detection digital input. You may not be able to map a PDO to this signal for servo drives from other man-
ufacturers. Refer to the manual for the connected servo drive for details.

*6  You cannot map this signal to a PDO for an OMRON Gb5-series Linear Motor Type Servo Drive with built-in EtherCAT
communications.

*7 This variable gives the status of bit 11 (internal limit enabled) in the Status Word (6041 hex) that is mapped to a PDO. The
conditions for this variable changing to TRUE depend on the specifications of the Servo Drive. Refer to the manual for the
connected servo drive for details. For an OMRON 1S-series Servo Drive or G5-series Servo Drive, this variable gives an
OR of the following four: torque limits, velocity limits, drive prohibit inputs, and software limits.

*8 This variable gives the value of the Modes of Operation Display (6061 hex) that is mapped to a PDO. The conditions CSP,
CSV, and CST changing to TRUE depend on the specifications of the Servo Drive. Refer to the manual for the connected
servo drive for details.

The values of these variables are TRUE when the status of the Statusword (6041 hex) that was mapped to a PDO is
Operation Enabled if Modes of Operation Display (6061 hex) is not mapped to a PDO.

*9 If the process data communications between the NY-series Controller and an EtherCAT slave or NX Unit that is assigned
to an axis changed to a non-established state, the actual current position and the command current position axis vari-
ables will contain the actual current position output that is just before process data communications change to a non-
established state.

*10 If you display a data trace that compares the command current torque and the actual current torque in any mode other
than Torque Control Mode, the command current torque will change after one task period. This is caused by the timing of
processing the data trace. Refer to information on data tracing in the NY-series Industrial Panel PC / Industrial Box PC
Software User's Manual (Cat. No. W558) for information on the timing of processing data tracing.

Data Trace Display Example

A

Actual current torque

AN

Torque

—— Command current torque

Time
Changes in the display of the command current torque
are delayed in respect to the actual current torque.

*11 For an NX-series Position Interface Unit, this is the node address of the EtherCAT Coupler Unit under which the Position
Interface Unit is mounted.

*12 The parameter is disabled if you set to use a reducer in the unit conversion settings. To confirm alternatively enabled
parameters, i.e. Work Travel Distance Per Rotation, Work Gear Ratio, and Motor Gear Ratio, use the MC_ReadAxisPa-
rameter (Read Axis Parameters) instruction.

*13 If the Count Mode is set to Linear Mode, the position just before an overflow is given. In Rotary Mode, the modulo maxi-
mum position is given.

*14 If the Count Mode is set to Linear Mode, the position just before an underflow is given. In Rotary Mode, the modulo mini-
mum position is given.
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6 Motion Control Programming

® Relationship between Axis Variables and Axis Types

Axis Variables are enabled or disabled according to the axis type. Disabled members are FALSE or 0.

Also, the following table shows which members are enabled for each axis type.

Virtual Virtual
Variable name Data type Meaning Ser_vo servo Encc?der encoder
axis axis axis axis
_MC_AX[0-63] _sAXIS_REF Axis Variable
Status _SsAXIS_REF_STA Axis Status
Ready BOOL Axis Ready-to-execute | Enabled | Enabled -
Disabled BOOL Axis Disabled Enabled | Enabled | Enabled | Enabled
Standstill BOOL Standstill Enabled | Enabled --- ---
Discrete BOOL Discrete Motion Enabled | Enabled --- ---
Continuous BOOL Continuous Motion Enabled | Enabled -
Synchronized BOOL Synchronized Motion Enabled | Enabled -—-
Homing BOOL Homing Enabled | Enabled -
Stopping BOOL Deceleration Stopping | Enabled | Enabled - ---
ErrorStop BOOL Error Deceleration Enabled | Enabled - -
Stopping
Coordinated BOOL Coordinated Motion Enabled | Enabled --- ---
Details _sAXIS_REF_DET Axis Control Status
Idle BOOL Idle Enabled | Enabled | Enabled | Enabled
InPosWaiting BOOL In-position Waiting Enabled | Enabled ---
Homed BOOL Home Defined Enabled | Enabled ---
InHome BOOL In Home Position Enabled | Enabled --- ---
VelLimit BOOL Command Velocity Enabled | Enabled - -
Saturation
Dir _sAXIS_REF_DIR Command Direction
Posi BOOL Positive Direction Enabled | Enabled - -
Nega BOOL Negative Direction Enabled | Enabled -— -—
DrvStatus _sAXIS_REF_STA_DRV | Servo Drive Status
ServoOn BOOL Servo ON Enabled --- - ---
Ready BOOL Servo Ready Enabled --- --- ---
MainPower BOOL Main Power Enabled - - -
P _OT BOOL Positive Limit Input Enabled - - -
N_OT BOOL Negative Limit Input Enabled - - -
HomeSw BOOL Home Proximity Input | Enabled - -—- -—-
Home BOOL Home Input Enabled -—- -—- -—-
ImdStop BOOL Immediate Stop Input Enabled -—- - -—-
Latch1 BOOL External Latch Input 1 | Enabled - - -
Latch2 BOOL External Latch Input 2 | Enabled - - -
DrvAlarm BOOL Drive Error Input Enabled - - -
DrvWarning BOOL Drive Warning Input Enabled - -—- -
ILA BOOL Drive Internal Limiting | Enabled --- --- ---
CSP BOOL Cyclic Synchronous Enabled --- --- ---
Position (CSP) Con-
trol Mode
Csv BOOL Cyclic Synchronous Enabled --- --- ---
Velocity (CSV) Control
Mode
CST BOOL Cyclic Synchronous Enabled - -—- -
Torque (CST) Control
Mode
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Virtual Virtual
Variable name Data type Meaning Ser_vo servo Enccfder encoder
axis axis axis axis
Cmd _sAXIS_REF_CMD_DATA | Axis Command Values
Pos LREAL Command Current Enabled | Enabled -—-
Position
Vel LREAL Command Current Enabled | Enabled -
Velocity
AccDec LREAL Command Current Enabled | Enabled -
Acceleration/Decelera-
tion
Jerk LREAL Command Current Enabled | Enabled - -
Jerk
Trq LREAL Command Current Enabled | Enabled - -
Torque
Act _SsAXIS_REF_ACT_DATA | Axis Current Value
Pos LREAL Actual Current Posi- Enabled | Enabled | Enabled | Enabled
tion
Vel LREAL Actual Current Velocity | Enabled | Enabled | Enabled | Enabled
Trg LREAL Actual Current Torque | Enabled | Enabled - -
TimeStamp ULINT Time Stamp Enabled - Enabled -
MFaultLvl _sMC_REF_EVENT Axis Minor Fault
Active BOOL Axis Minor Fault Enabled | Enabled | Enabled | Enabled
Occurrence
Code WORD Axis Minor Fault Code | Enabled | Enabled | Enabled | Enabled
Obsr _sMC_REF_EVENT Axis Observation
Active BOOL Axis Observation Enabled | Enabled | Enabled | Enabled
Occurrence
Code WORD Axis Observation Enabled | Enabled | Enabled | Enabled
Code
Cfg _sAXIS_REF_CFG Axis Basic Settings
AxNo UINT Axis Number Enabled | Enabled | Enabled | Enabled
AxEnable ~eMC_AXIS_USE Axis Use Enabled | Enabled | Enabled | Enabled
AxType _eMC_AXIS_TYPE Axis Type Enabled | Enabled | Enabled | Enabled
NodeAddress UINT Node Address Enabled - Enabled
ExeclD UNIT Execution ID Enabled | Enabled | Enabled | Enabled
Scale _sAXIS_REF_SCALE Unit Conversion Set-
tings
Num UDINT Command Pulse Enabled | Enabled | Enabled | Enabled
Count per Motor Rota-
tion
Den®1 LREAL Work Travel Distance Enabled | Enabled | Enabled | Enabled
per Motor Rotation
Units _eMC_UNITS Unit of Display Enabled | Enabled | Enabled | Enabled
CountMode _eMC_COUNT_MODE Count Mode Enabled | Enabled | Enabled | Enabled
MaxPos LREAL Maximum Current Enabled | Enabled | Enabled | Enabled
Position
MinPos LREAL Minimum Current Enabled | Enabled | Enabled | Enabled
Position
*1 The parameter is disabled if you set to use a reducer in the unit conversion settings.
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6 Motion Control Programming

I Axes Group Variables

_MC_GRP[0-31] are the system-defined Axes Group Variables. The data type is _sGROUP_REF,
which is a structure variable.
Also, in the descriptions of functions, MC_AX[*] is used as an example.

Variable name

Data type

Meaning

Function

_MC_GRP[0-31]

_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
conditions.

¢ Execution of the MC_Stop instruction is not
in progress for any composition axis.

e _MC_GRPJ*].Status.Standby is TRUE
(stopped).

¢ The Servo is ON for the composition axes.

e _MC_AX[*].Details.Homed is TRUE (home
is 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, Standby, Moving, Stopping, or Error-
Stop

Standby

BOOL

Standby

TRUE when the axes group motion instruction
is stopped. (This is independent of 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 axes stop for
an MC_GroupStop instruction. Axes group
motion instructions are not executed in this
state. (CommandAborted is TRUE.)

ErrorStop

BOOL

Error Deceleration
Stopping

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

Details

_SGROUP_REF_DET

Axes Group Control
Status

Gives the control status of the instruction.

Idle

BOOL

Idle

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

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

InPosWaiting

BOOL

In-position Waiting

TRUE when waiting for in-position state for
any composition axis.

TRUE during positioning operations during the
in-position check.*2
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Variable name Data type Meaning Function
Cmd _sGROUP_REF_CMD_ | Axes Group Command
DATA Values
Vel LREAL Command Contains the current value of the command
Interpolation Velocity | interpolation velocity. The interpolation veloc-
ity is calculated from the difference with the
interpolation command current position. A plus
sign is added during travel in the positive
direction, and a minus sign is added during
travel in the negative direction. The value is 0
when the axes group is disabled.
AccDec LREAL Command Contains the current value of the command
Interpolation interpolation acceleration/deceleration. The
Acceleration/ interpolation acceleration/deceleration rate is
Deceleration 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
current axes group motion instruction is 0.
MFaultLvl _sMC_REF_EVENT Axes Group Minor
Fault
Active BOOL Axes Group Minor TRUE while there is an axes group minor
Fault Occurrence fault.
Code WORD Axes Group Minor Contains the error code for an axes group
Fault Code minor fault.
The upper four digits of the event code have
the same value.
Obsr _sMC_REF_EVENT Axes Group Observa-
tion
Active BOOL Axes Group Observa- | TRUE while there is an axes group observa-
tion Occurrence tion.
Code WORD Axes Group Observa- | Contains the code for an axes group observa-
tion Code tion.
The upper four digits of the event code have
the same value.
Cfg _sGROUP_REF_CFG | Axes Group Basic Gives the settings of the Axes Group Basic
Settings Settings parameters.
GrpNo UINT Axes Group Number Contains the logical number of the axes
group.
GrpEnable _eMC_GROUP_USE Axes Group Use Shows if the axes group is enabled or dis-
abled.
0: _mcNoneGroup (Undefined Axes Group)
1: _mcUnusedGroup (Unused Axes Group)
2: _mcUsedGroup (Used Axes Group)
ExeclD UNIT Execution ID Contains the assigned task execution ID.
0: Not assigned to task (undefined axes
group)
1: Assigned to primary periodic task
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6 Motion Control Programming

Variable name Data type Meaning Function
Kinematics _sGROUP_REF_KIM Kinematics Contains the definition of the kinematic con-
Transformation versions for the axes group.
Settings
GrpType _eMC_TYPE Composition Gives the axis composition of multi-axes coor-

dinated control.

0: _mcXY (two axes)

1: _mcXYZ (three axes)
2: _mcXYZU (four axes)

Axis[0] UINT Composition Axis for Contains the axis number that is assigned to
Axis AO axis AO.

Axis[1] UINT Composition Axis for Contains the axis number that is assigned to
Axis A1 axis A1.

Axis[2] UINT Composition Axis for Contains the axis number that is assigned to
Axis A2 axis A2.

Axis[3] UINT Composition Axis for Contains the axis number that is assigned to
Axis A3 axis A3.

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

*2 This variable is FALSE when all composition axes in the axes group are within the in-position ranges set in the axis
parameters.
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6-7 Cam Tables and Cam Data Variables

I
The MC Function Module uses the cam profile curves that you create on the Cam Editor of the Sysmac

Studio as cam tables. The cam table data is handled as cam data variables in the user program in the
NY-series Controller.

I Creating and Saving Cam Tables

Sysmac Studio: Used to create cam profile curves and cam definition variables.
Spreadsheet software: Used to edit cam tables in CSV format.

_ NY-series Controller
= e

®

s |e—

Ve

sa|qelieA ejeq weo pue sajqeL wed /-9

Downloaded.*1
!  After cam data
. is downloaded
— Non-volatile memory =7 \When power is — User program —
| _tuned ON
Cam Table P R -I Data movement instructions
I Saved. i :
' : ' MC_GenerateCam
S Table instruction
Uploaded. ' Cam definition variables*3
*1p*2 ' MC_SaveCamTable
_________________________________ instruction
- _/

*1  Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

*2 The cam data variables that are uploaded cannot be changed on the Cam Editor. Refer to the following page
for the procedure to edit a cam data variable on the computer after editing it from the user program. Also, if the
project is rebuilt or the cam profile curve is changed from the Sysmac Studio, the cam data variable that was
uploaded is overwritten with the cam profile curve data.

*3 “Cam definition variable” is the generic term for cam property variables and cam node variables.

® Cam Table Data Flow

* Use the Sysmac Studio to download the cam profile curves that you created in the Sysmac Studio
to the NY-series Controller to save them as cam tables in the non-volatile memory in the Industrial
PC. When you upload a cam table to the Sysmac Studio, the cam table that was saved in the non-
volatile memory is uploaded.

* The cam tables that were saved in non-volatile memory are implemented as cam data variables in
the main memory after you download them or when the power is turned ON.

* You can use the user program to edit cam data variables and cam definition variables in the main
memory. Refer to 9-2-5 Cam Tables for information on cam data variables and cam definition vari-
ables.

* The MC_GenerateCamTable (Generate Cam Table) instruction in the user program can overwrite
the cam data variable in main memory according to the value of the cam definition variable.

e The motion control instruction MC_SaveCamTable saves the cam data variables in the main
memory to non-volatile memory.

* You can upload the cam definition variable that were created in the Cam Data Settings of the Sys-
mac Studio even after the variable is changed in the user program. If the cam definition variable
was created as a user-defined variable, you cannot upload it after it is changed in the user pro-
gram.
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6-34

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504-E1-10 or later) for infor-
mation on creating and transferring the cam definition variable in the Sysmac Studio.

For details on the MC_GenerateCamTable (Generate Cam Table) instruction and MC_Save-
CamTable instruction, refer to the NY-series Motion Control Instructions Reference Manual (Cat.
No. W561).

You can upload and download cam tables regardless of the operating mode of the NY-series Con-
troller mode or the status of the MC Function Module. You cannot upload cam data, download
cam data, start online operation, perform online editing, or start data traces during a cam table
save operation. The MC_SaveCamTable instruction is not executed during online editing.

All axes in motion will decelerate at the maximum deceleration rate when you start the download
process.

|E| Precautions for Correct Use

* If you change any cam data in the user program, those changes are lost and the cam table in
non-volatile memory is restored if you restart the power or download cam data from the Sys-
mac Studio. Also, you cannot upload the data in the main memory from the Sysmac Studio.

Version Information

If an NY-series Controller with unit version 1.14 or later and Sysmac Studio version 1.17 or
higher are combined, commands to the 1/O devices can continuously be sent even when the
download process is in progress.

For the NY-series Controller with unit version 1.12 or earlier, sending commands to the I/O
devices is stopped when the download process is executed.

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No.
W558) for how to set to stop or continue sending commands to the 1/0O devices when the down-
load process starts.

Stopping sending commands to I/O devices

Servo is turned OFF during the download, and the axis status will be Disable (Axis Dis-
abled).

Continuing sending commands to /O devices

The MC_Power (Power Servo) and MC_SetTorqueLimit instructions can run even when the
download process is in progress.

The following status immediately before downloading is maintained during the download:
the Servo ON state for the MC_Power instruction and the output torque limit for the MC_-
SetTorqueLimit instruction.

The Servo ON state and torque limit are maintained even if the MC_Power and MC_Set-
TorqueLimit instructions are deleted from the user program after the program is updated by
downloading.
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Editing a Cam Data Variable on the Computer after Editing It from
the User Program

If you edit or overwrite a cam data variable from the user program and then use the MC_SaveCam-
Table instruction to save the cam table to non-volatile memory, you cannot edit the data with the Cam
Editor of the Sysmac Studio. This section describes how to use spreadsheet software to edit the data
and then use it as a cam table.

Transfer Cam Table [Controller to File]:
Uploads the cam table from the Controller and saves itin a CSV file.
Transfer Cam Table [File to Controller]:
Downloads the cam table from a CSV file to the Controller.

Save/Export

> Edit Spreadsheet

Sysmac Studio ] -
Read/Import CSVfile software

v

Upload Download
- I |

sa|qelieA ejeq weo pue sajqeL wed /-9

* Use the Synchronization menu command of the Sysmac Studio to upload and download the project.

® Saving a Cam Table from Non-volatile Memory to a CSV File
* Right-click a cam profile that you edited in the Cam Data Settings of the Sysmac Studio and select
Transfer Cam Table [Controller to File] from the menu.

* The Save Dialog Box is displayed. Enter the file save location and file name, and then click the
Save Button.

® Editing CSV Files

* Use spreadsheet software or other CSV-compatible software to edit the CSV file.

® Transferring the CSV File to the NY-series Controller

* Right-click the cam profile to download and select Transfer Cam Table [File to Controller] from
the menu.
* The Open File Dialog Box is displayed. Specify the file to transfer, and then click the OK Button.

* To enable the cam table that you transferred, reset the Controller or cycle the power supply to the
Controller after the cam table is transferred.

m Precautions for Correct Use

» Synchronize the data with the Controller before you transfer a cam table from a file to the Con-
troller.

 If you transfer the cam table to the Controller during a synchronization operation after you
transfer a cam table from a file to the Controller, the cam table in the Controller is replaced with
the data in the Cam Data Settings. Either transfer the cam data from the file to the Controller
again, or do not include the Cam Data Settings in the synchronization data.
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You can also export the Cam Data Settings that were entered from the Cam Editor to a CSV file.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for information on the Cam
Data Settings and the export procedure.

I Cam Profile Curve Names

When a cam profile is created in the Sysmac Studio, CamProfile0 is used as the default name. Each
time you create another cam profile, the number on the end of the name is incremented. You can
change the name of any cam profile as required from the Sysmac Studio.

The cam profile names that are set on the Sysmac Studio are used as the cam table names.

I Specifying Cam Tables in the User Program

In the user program, the cam table name is specified for the in-out variable CamTable in motion control

instructions.
In-out variable CamTable
/ MCCI1
Specify a variable name. MC Camin
\ MC_Axis000 — Master  — Master — MC_Axis000
MC_Axis001 — Slave R — S Slave — MC_Axis001
CamTablel CamProfile0 — CamTable CamTable |— CamProfile0 MCCI1_InCam
I } Execute InCam )
MCCI1_Pd — Periodic InSync f— MCCI1_InSync
MCCI1_StMode — StartMode EndOfProfile — MCCI1_EOP
MCCI1_StPos — StartPosition Index j— MCCI1_Index
MCCI1_MStDis — MasterStartDistance Busy (— MCCI1_B
MCCI1_MSc — MasterScaling Active — MCCI1_A
MCCI1_SSc — SlaveScaling Command Aborted |— MCCI1_CA
MCCI1_MO — MasterOffset Error}— MCCIH_E
MCCI1_SO — SlaveOffset ErrorlD — MCCI1_EID
MCCI1_RT — ReferenceType
MCCI1_Dir — Direction
MCCIHH_CT — CamTransition
MCCI1_BM — BufferMode
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6-8 Programming Motion Controls

Place motion control instructions in the user program of the NY-series Controller to perform motion con-
trol. Programs that contain motion control instructions are called motion control programs.

M Precautions for Correct Use

* You can set and program up to 64 axes on the Sysmac Studio for any model of Industrial PC.
You cannot download a project if the project contains more than the maximum number of con-
trolled axes for that Industrial PC.

* When you reuse a project, make sure that the maximum number of control axes for the Indus-
trial PC model is not exceeded.

e Even axes that are set as unused axes are included in the number of control axes.

Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for details on programming.

This section gives the procedure to create a program in an existing project on the Sysmac Studio.

1 Starting the Sysmac Studio
Start the Sysmac Studio and open the project.

s|oJjuo9 uono buiwweliboid g-9

2 Adding a Program

Right-click Programs in the Multiview Explorer and select Multipart Ladder or Structured Text
from the Add Menu.

E5] sysmac Studio
Fle_Edit_ViewInseit._Project  Controller . Sim

+

A program is added to the Multiview Explorer.
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3 Editing the Program

Right-click a section in the new program and select Edit from the menu. The Program Edit Tab
Page is displayed.
] Sysmac Studio. (B[]

EleEdt_View Insert Project  Controller Simulation _ Tooks _ ticlp

T = "
2 a8 A%EA

B Programming
i ==
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E5] Sysmac Studio
Ele_Edit_View Insettproject  Controller_ Simulation._ Tooks e
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1" cc—— ; a
|'» Math

T InGalvae AT |
| ¥ Wotion Control
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Refer to the NY-series Industrial Panel PC / Industrial Box PC Software User’s Manual (Cat. No. W558)
for details on programming.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific procedures.
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6-9 Creating Cam Tables

This section will explain how to use the Cam Editor of the Sysmac Studio to create a cam table.

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for details on the Cam Editor.

1 Adding a Cam Profile

Right-click Cam Data Settings in the Multiview Explorer and select CamProfile from the Add
Menu.
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A cam profile is added to the Multiview Explorer. You can change the name of the cam profile as
required from the default name of CamProfile0.
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6 Motion Control Programming

2 Editing the Cam Profile
Right-click the cam profile in the Multiview Explorer and select Edit from the menu.
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The Cam Profile Edit Tab Page is displayed.
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Make the settings and enter the cam profile.
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for specific proce-
dures.
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Manual Operation
]

This section describes manual operation when the MC Function Module is used
together with an OMRON 1S-series Servo Drive.
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7 Manual Operation

7-1

Outline

This section describes how to combine the MC Function Module and OMRON 1S-series Servo Drives
together and use motion control instructions from the user program to perform manual operations.

The motion control instructions for manual operation are MC_Power and MC_MoveJog. MC_Power
changes the Servo Drive to the Servo ON state and MC_MoveJog performs jogging.
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