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Introduction

The NJ/NX/NY-series Controller Startup Guide for Simulink® and Sysmac Studio (hereinafter,
may be referred to as “this Guide”) describes the startup procedures that are required to use a
combination of Simulink® from The MathWorks® Inc. and the NJ/NX/NY-series Controller for the
first time and the basic operating instructions for the Sysmac Studio. A simple single-axis
positioning example is used for the discussion. You can perform the procedures that are
presented in this Guide to quickly gain a basic understanding of the combination of Simulink®
and the NJ/NX/NY-series Controller.

This Guide does not contain safety information and other details that are required for actual use.
Thoroughly read and understand the manuals for all of the devices that are used in this Guide
to ensure that the system is used safely. Review the entire contents of these materials,
including all safety precautions, precautions for safe use, and precautions for correct use.

I Intended Audience
This guide is intended for the following personnel.
* Personnel in charge of introducing FA systems
* Personnel in charge of designing FA systems
The personnel must also have the following knowledge.

* Knowledge of electrical systems (an electrical engineer or the equivalent)
« Knowledge of MATLAB®/Simulink® from The MathWorks® Inc.

» Knowledge of the NJ/NX/NY-series Controller

» Knowledge of operation procedure of Sysmac Studio

I Applicable Products

This guide covers the following products.

» CPU Units of NJ/NX-series Machine Automation Controllers
* Industrial PC Platform NY-series IPC Machine Controller

» Sysmac Studio Automation Software

« MATLAB®/Simulink® from The MathWorks® Inc.

« Simulink® PLC Coder™ from The MathWorks® Inc.

I Special Information

The icons that are used in this Guide are described below.

El 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.



Terms and Conditions Agreement
I NJ/NX/NY-series Controller

Warranties

(a) Exclusive Warranty. Omron’s exclusive warranty is that the Products will be free from defects in
materials and workmanship 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.

(b) 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. (c) 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-complying 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
combination with any electrical or electronic components, circuits, system assemblies or any other
materials or substances or environments. Any advice, recommendations or information given orally or
in writing, are not to be construed as an amendment or addition to the above warranty.

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

Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR
CONSEQUENTIAL 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.

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
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complete determination of the suitability of the Product in combination with the end product, machine,
system, or other application or use. Buyer shall be solely responsible for determining appropriateness
of the particular Product with respect to Buyer’s application, product or system. Buyer shall take
application responsibility in all cases.

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

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

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
performance is subject to the Omron’s Warranty and Limitations of Liability.

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.

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



I Sysmac Studio Automation Software

1. WARRANTY

(1) The warranty period for the Software is one year from the date of purchase, unless otherwise
specifically agreed.

(2) If the User discovers defect of the Software (substantial non-conformity with the manual), and
return it to OMRON within the above warranty period, OMRON will replace the Software without
charge by offering media or download from OMRON'’s website. And if the User discovers defect of
media which is attributable to OMRON and return it to OMRON within the above warranty period,
OMRON will replace defective media without charge. If OMRON is unable to replace defective media
or correct the Software, the liability of OMRON and the User’s remedy shall be limited to the refund of
the license fee paid to OMRON for the Software.

2. LIMITATION OF LIABILITY

(1) THE ABOVE WARRANTY SHALL CONSTITUTE THE USER'S SOLE AND EXCLUSIVE
REMEDIES AGAINST OMRON AND THERE ARE NO OTHER WARRANTIES, EXPRESSED OR
IMPLIED, INCLUDING BUT NOT LIMITED TO, WARRANTY OF MERCHANTABILITY OR FITNESS
FOR PARTICULAR PURPOSE. IN NO EVENT, OMRON WILL BE LIABLE FOR ANY LOST
PROFITS OR OTHER INDIRECT, INCIDENTAL, SPECIAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF USE OF THE SOFTWARE.

(2JOMRON SHALL HAVE NO LIABILITY FOR DEFECT OF THE SOFTWARE BASED ON
MODIFICATION OR ALTERNATION TO THE SOFTWARE BY THE USER OR ANY THIRD PARTY.
(3)OMRON SHALL HAVE NO LIABILITY FOR SOFTWARE DEVELOPED BY THE USER OR ANY
THIRD PARTY BASED ON THE SOFTWARE OR ANY CONSEQUENCE THEREOF.

3. APPLICABLE CONDITIONS
USER SHALL NOT USE THE SOFTWARE FOR THE PURPOSE THAT IS NOT PROVIDED IN THE
ATTACHED USER MANUAL.

4. CHANGE IN SPECIFICATION
The software specifications and accessories may be changed at any time based on improvements
and other reasons.

5. EXTENT OF SERVICE
The license fee of the Software does not include service costs, such as dispatching technical staff.

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



Precautions

» When building a system, check the specifications for all devices and equipment that will make
up the system and make sure that the OMRON products are used well within their rated
specifications and performances. Safety measures, such as safety circuits, must be
implemented in order to minimize the risks in the event of a malfunction.

» Thoroughly read and understand the manuals for all devices and equipment that will make up
the system to ensure that the system is used safely. Review the entire contents of these
manuals, including all safety precautions, precautions for safe use, and precautions for
correct use.

+ Confirm all regulations, standards, and restrictions that the system must adhere to.

« Contact The MathWorks® Inc. for the codes that were outputted from Simulink® PLC Coder™.

« Applicability of codes that were outputted from Simulink® PLC Coder™ must be judged by the
customer.

» Check the user program for proper execution before you use it for actual operation.

I Trademarks

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

« EtherCAT® is registered trademark and patented technology, licensed by Beckhoff
Automation GmbH, Germany.

« MATLAB® and Simulink® are registered trademarks of The MathWorks® Inc.

* Microsoft product screen shot(s) reprinted with permission from Microsoft Corporation.

Other company names and product names in this Guide are the trademarks or registered
trademarks of their respective companies.

I Software Licenses and Copyrights

The NJ/NX/NY-series Controller and the Sysmac Studio incorporate certain third party software. The
license and copyright information associated with this software is available at
http://www.fa.omron.co.jp/nj_info_e/.



Related Manuals

The following manuals are related to the NJ/NX/NY-series Controller. Use these manuals for

reference.

Manual name Cat. No. Model numbers Application Description
Sysmac Studio Version 1 | W504 SYSMAC-SE2coo | Learning about the operating The operating procedures of the Sysmac
Operation Manual procedures and functions of the Studio are described.
Sysmac Studio.
NX-series CPU Unit W535 NX701-oooo Learning the basic specifications of | Provides an introduction to the entire NX701
Hardware User’s Manual the NX-series CPU Units, including | system along with the following information on
introductory information, the CPU Unit.
designing, installation, and « Features and system configuration
maintenance. Mainly hardware * Introduction
information is provided. * Part names and functions
* General specifications
* Installation and wiring
* Maintenance and inspection
NX-series NX1P2 CPU W578 NX1P2-0o00o Learning the basic specifications of | Provides an introduction to the entire NX1P2
Unit Hardware User's the NX1P2 CPU Units, including system along with the following information on
Manual introductory information, the CPU Unit.
designing, installation, and * Features and system configuration
maintenance. * Introduction
Mainly hardware information is + Part names and functions
provided. * General specifications
* Installation and wiring
* Maintenance and inspection
NJ-series CPU Unit W500 NJ501-0o000 Learning the basic specifications of | Provides an introduction to the entire NJ-series
Hardware User’s Manual NJ301-0ooo the NJ-series CPU Units, including | system along with the following information on
NJ101-0o00o0 introductory information, the CPU Unit.

designing, installation, and
maintenance.
Mainly hardware information is

provided.

* Features and system configuration
* Introduction

+ Part names and functions

» General specifications

* Installation and wiring

» Maintenance and inspection




Manual name

Cat. No.

Model numbers

Application

Description

NY-series W557 NY532-0ooo Learning the basic specifications of | An introduction to the entire NY-series system
IPC Machine Controller the NY-series Industrial Panel is provided along with the following information
Industrial Panel PC PCs, including introductory on the Industrial Panel PC.
Hardware User's Manual information, designing, installation, | < Features and system configuration
and maintenance. * Introduction
Mainly hardware information is + Part names and functions
provided. * General specifications
* Installation and wiring
» Maintenance and inspection
NY-series W556 NY512-0o0o Learning the basic specifications of | An introduction to the entire NY-series system
IPC Machine Controller the NY-series Industrial Box PCs, is provided along with the following information
Industrial Box PC including introductory information, on the Industrial Box PC.
Hardware User's Manual designing, installation, and * Features and system configuration
maintenance. Mainly hardware * Introduction
information is provided. * Part names and functions
» General specifications
* Installation and wiring
» Maintenance and inspection
NY-series W568 NY532-oooo Learning the initial settings of the The following information is provided on an
IPC Machine Controller NY512-0ooo0 NY-series Industrial PCs and introduction to the entire NY-series system.
Industrial Panel PC / preparations to use Controllers. * Two OS systems
Industrial Box PC « Initial settings
Setup User's Manual * Industrial PC Support Utility
* NYCompolet
* Industrial PC API
» Backup and recovery
NJ/NX-series CPU Unit W501 NX701-0ooo Learning how to program and set Provides the following information on a
Software User's Manual NX1P2-oooo up an NJ/NX-series CPU Unit. Controller built with an NJ/NX-series CPU Unit.
NJ501-0o00o0 Mainly software information is + CPU Unit operation
NJ301-0oo0 provided. * CPU Unit features
NJ101-0o00 « Initial settings
+ Language specifications and programming
based on IEC 61131-3
NY-series IPC Machine W558 NY532-0ooo Learning how to program and set The following information is provided on the
Controller Industrial NY512-oooo up the Controller functions in an NY-series Controller functions.

Panel PC /Industrial Box

PC Software User's

Manual

NY-series Industrial PC.

+ Controller operation

« Controller features

« Controller settings

* Programming based on IEC 61131-3

language specifications




Manual name

Cat. No.

Model numbers

Application

Description

NJ/NX-series CPU Unit W507 NX701-0ooo Learning about motion control Describes the settings and operation of the
Motion Control User’s NX1P2-oooo settings and programming CPU Unit and programming concepts for
Manual NJ501-0oo0 concepts. motion control.
NJ301-0ooo
NJ101-0oo00
NY-series W559 NY532-oo0o Learning about motion control The settings and operation of the Controller
IPC Machine Controller NY512-0o000 settings and programming and programming concepts for motion control
Industrial Panel PC / concepts of an NY-series Industrial | are described.
Industrial Box PC Motion PC.
Control User's Manual
NJ/NX-series W502 NX701-0o0o Learning detailed specifications on | Describes the instructions in the instruction set
Instructions NX1P2-oooo the basic instructions of an (IEC 61131-3 specifications).
Reference Manual NJ501-0o00 NJ/NX-series CPU Unit.
NJ301-0ooo
NJ101-ooo0
NY-series Instructions W560 NY532-oooo Learning detailed specifications on | The instructions in the instruction set
Reference Manual NY512-0ooo the basic instructions of an (IEC61131-3 specifications) are described.
NY-series Industrial PC.
NJ/NX-series Motion | W508 NX701-oooo Learning about the specifications Describes the motion control instructions.
Control NX1P2-oooo of the motion control instructions
Instructions Reference NJ501-0o000 that are provided by OMRON.
Manual NJ301-oooo
NJ101-0o000
NY-series Motion Control | W561 NY532-0o0o Learning about the specifications | The motion control instructions are described.
Instructions  Reference NY512-ooo00 of the motion control instructions of
Manual an NY-series Industrial PC.
NJ/NX-series W503 NX701-0ooo Learning about the errors that may | Describes concepts on managing errors that
Troubleshooting Manual NX1P2-oooo be detected in an NJ/NX-series | may be detected in an NJ/NX-series Controller
NJ501-0000 Controller. and information on individual errors.
NJ301-0ooo
NJ101-ooo0
NY-series W564 NY532-oooo Learning about the errors that may | Concepts on managing errors that may be
Troubleshooting Manual NY512-0o0o be detected in an NY-series | detectedin an NY-series Controller and
Industrial PC. information on individual errors are described.
AC Servomotors/Servo 1576 R88M-Ko Learning how to use the AC Describes the hardware, setup methods and
Drives G5-series with R88D-KNo-ECT Servomotors/Servo Drives with functions of the AC Servomotors/Servo Drives
Built-in EtherCAT built-in EtherCAT with built-in EtherCAT Communications.
Communications User's Communications. The linear motor type model and the model
1577 R88L-EC-o

Manual

R88D-KNo-ECT-L

dedicated for position controls are available in

Gb5-series.




Manual name Cat. No. Model numbers Application Description
AC Servomotors/Servo 1586 R88M-1o Learning how to use the AC Describes the hardware, setup methods and
Drives 1S-series with R88D-1SNo-ECT Servomotors/Servo Drives with functions of the AC Servomotors/Servo Drives
Built-in EtherCAT built-in EtherCAT with built-in EtherCAT Communications.
Communications User’s Communications.
Manual
GX-series EtherCAT W488 GX-IDoooo Learning how to use the EtherCAT | Describes the hardware, setup methods and
Slave Units User’s GX-ODoooo remote I/O terminals. functions of the EtherCAT remote I/O terminals.
Manual GX-OCoooo
GX-MDoooo
GX-ADoooo
GX-DAoooo
GX-ECoooo
XWT-IDoo
XWT-ODoo
NX-series EtherCAT W519 NX-ECCooo Leaning how to use an NX-series The system and configuration of EtherCAT
Coupler Unit User’s EtherCAT Coupler Unit and Slave Terminals, which consist of an NX-series
Manual EtherCAT Slave Terminals EtherCAT Coupler Unit and NX Units, are
described along with the hardware, setup, and
functions of the EtherCAT Coupler Unit that are
required to configure, control, and monitor NX
Units through EtherCAT.
NX-series NX Units W522 NX-ADoooo Learning how to use NX Units Describes the hardware, setup methods, and
User’s Manual NX-DAoooo functions of the NX Units.
Manuals are available for the following Units.
Digital I/O Units, Analog I/O Units, System
Units, Position Interface Units,
Communications Interface Units, Load Cell
Input Units, and IOLink Master Units.
NA-series V117 NA5-ocWoooo Learning the specifications and Information is provided on NA-series PT
Programmable NA5-ooWoooo settings required to install an specifications, part names, installation
Terminal Hardware NA-series PT and connect procedures, and procedures to connect an NA
User’s Manual peripheral devices. Unit to peripheral devices.
Information is also provided on maintenance
after operation and troubleshooting.
NA-series V118 NA5-oWoooo Learning about NA-series PT NA-series PT pages and object functions are

Programmable
Terminal Software

User’s Manual

NAS5-ooWoooo

pages and object functions.

described.




Manual name

Cat. No.

Model numbers

Application

Description

NA-series V119 NA5-oWoooo Learning the specifications Information is provided on connection
Programmable NA5-ooWoooo required to connect devices to an procedures and setting procedures to connect
Terminal NA-series PT. an NA-series PT to a Controller or other device.
Device Connection

User’s Manual

NA-series V120 NA5-oWoooo Learning in concrete terms The part names and installation procedures are

Programmable
Terminal

Startup Guide

NA5-ooWoooo

information required to install and
start the operation of an NA-series

PT.

described followed by page creation and
transfer procedures with the Sysmac Studio.
Also operation, maintenance, and inspection
procedures after the project is transferred are
described. Sample screen captures are

provided as examples.
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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. | W529-E1-05
T— Revision

Revision code Date Revised content
01 June 2013 Original production
02 January 2014 Revisions for adding the SILS (Software In the

Loop Simulation) function.

03 January 2015 Revisions for adding the Sysmac 10 Device
simulation function and the
Controller-to-Simulink data acquisition
function.

04 June 2016 Revisions for adding AC Servomotors/Servo
Drives 1S-Series with Built-in EtherCAT
Communications

05 March 2017 Revisions for adding simulation target
functions of Servo Drives (1S-series)
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1. System to Construct and Configuration Devices

I 1.1. System Configuration and Configuration Devices

This section describes the system configuration and configuration devices used in this Guide.

The following figure represents the system configuration.

Computer
Sysmac Studio, MATLAB/Simulink, and Simulink PLC Coder are installed.

NA5-12W101S

Programmable Terminal

EtherNet/IP communications

cable
EtherCAT communications - R88D-KNASL-ECT
cable I:I Servo Drive

|:| Node Address 1 (Axis 0)

R88M-K05030T

Servomotor

El Precautions for Correct Use

Please start only one session each for the MATLAB and the Sysmac Studio.

If more than one session is started for either of them, the co-simulation of Simulink and
Sysmac Studio cannot run. Also, more than one Simulink model file cannot be executed
in parallel (i.e., at the same time).
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The models of the devices that are described in this Guide are given in the following table.
When selecting devices for an actual application, refer to the device manuals.

Device name

Model

Manual name

NJ-series CPU Unit

NJ501-1300 (Unit version 1.09)

NJ-series Power Supply Unit

NJ-PA3001

EtherCAT communications
cables
EtherNet/IP communications

cables

XS5W-T421-CMD-K

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

Programmable Terminal

NA5-12W101S (version 1.01)

NA-series Programmable Terminal
Hardware User’s Manual (Cat. No.
V117)

AC Servo Drives

R88D-KNAS5L-ECT (version 2.10)

AC Servomotors

R88M-K05030T

Motor Power Cables
(for the AC Servo Drives)

R88A-CAKA003S

Encoder Cables
(for the AC Servo Drives)

R88A-CRKAQ03C

AC Servomotors/Servo Drives
(Built-in EtherCAT
Communications) User's Manual
(Cat. No. 1576)

USB cable

Commercially available USB cable””

*1. Use a USB2.0 (or 1.1) cable (A connector - B connector), 5.0 m max.

The names and versions of the software that are used in this Guide are given below. Install the
following software to a computer (OS: Windows 7 64bit).

Manufacturer Name Version
OMRON Corporation Sysmac Studio Version 1.12
The MathWorks Inc. MATLAB/Simulink R2014b
The MathWorks Inc. Simulink PLC Coder R2014b




I 1.2. The Servo System Constructed in this Guide
This guide describes the procedure to start up the system for single-axis positioning with a
Servo Drive and Servomotor for one axis. The operations from creating the control algorithm
using the Simulink® from the MathWorks® Inc. to operation check using the actual devices are
given as the startup procedure.

The single-axis Servo system that is set up in this Guide performs the single-axis positioning
operation on the following path.

Position Travel distance: 100 mm

A —
Maximum velocity: 50 mm/s

(Maximum acceleration: 185 mm/sz)

» Time

The mechanical configuration is as shown below.

Servomotor Table

Item Specifications
Servomotor Rated speed 3,000 r/min
Rotor inertia 0.025 x 10™ kg m?
Rated torque 0.16 N'm
Command pulse count per motor rotation | 131,072 h
Mechanism Work travel distance per motor rotation 96 mm
Inertia 0.375x10* kg m*

*1.This value is set to 131,072 to match the resolution of the servomotor with 17-bit absolute encoder.

*2.Inertia ratio = Load inertia/rotor inertia x 100 % = 1500 %

15



I 1.3. Sample File List

16

The following sample files are related to this Guide.
We provide the sample files separately.

No. File Name Description

1 PLCCoderDemoMC.mdl File that contains the Simulink model described in 2.2.
Designing the Control Algorithm of this Guide.

2 PLCCoderDemoMC.smc2 Sysmac Studio project file that contains Sysmac Studio
programs described in 3.2.6. Creating Programs of this Guide.

3 PLCCoderDemoMC_Torque.smc2 | Sysmac Studio project file that contains the program to output
torque commands cyclically.

4 PLCCoderDemoMC_ADDA.mdl File that contains the Simulink model that shows the usage
example of GX-AD0471 Analog Input Terminal and GX-DA0271
Analog Output Terminal.

5 PLCCoderDemoMC_ADDA.smc2 Sysmac Studio project file that shows the usage example of
GX-AD0471 Analog Input Terminal and GX-DA0271 Analog
OQutput Terminal.

6 SILSDemoMC.mdl File that contains the Simulink model described in 3.2.8.
Preparing the Co-simulation of Simulink and Sysmac Studio of
this Guide.

7 RMCDemoMC.mdlI File that contains the Simulink model described in 3.2.12.
System Operation Check of this Guide.

8 PLCCoderDemoMC_LD.mdl File that contains the Simulink model described in 4.1.
Programming in Ladder Diagram Language of this Guide.

9 PLCCoderDemoMC_LD.smc2 Sysmac Studio project file that contains Sysmac Studio

programs described in 4.1. Programming in Ladder Diagram

Language of this Guide.




2. Before You Begin

I 2.1. Wiring the Devices and Installing the Software

You wire the devices and install the software on the computer as described in 1.1. System
Configuration and Configuration Devices.

@ Additional Information

® Refer to the manuals for the devices that are used in the system for wiring of the
devices.

® Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for
installation of the Sysmac Studio.
® Access the website of The MathWorks Inc. or refer to the MATLAB & Simulink

Installation Guide that is provided by The MathWorks Inc. for installation of
MATLAB/Simulink and Simulink PLC Coder.

You make the MATLAB environment settings for using the linked functions of Simulink and
Sysmac Studio according to the following procedure.

1

Start the MATLAB and select the MATLAB folder in the directory where the Sysmac
Studio is installed as the Current Folder. (The default installation folder is C:\Program
Files (x86)\OMRON\Sysmac Studio\MATLAB.)

P i
o R - B

s ] 1] [z, Newe Variable Analyze Code [or] ~ (% Community
E (gl Fina Fies L (g = L CE H (G} Freferences (2 O
{1 Open Variable ~ f Run and Tme = Request Support
New New Open |i-Compare Import Save Simulink  Layout 5] Set Path Help
Script v - Data Workspace [ Clear Workspace ~ [’ Clear Commands ~  Library - > 0pAdd-Ons v
FILE VARIABLE COoDE SIMULINK ENVIRONMENT RESOURCES
<% A » C: » ProgramFiles (x86) » OMRON » SysmacStudio b MATLAB » T

@ Command Window @ || Workspace (S
£ > Neme - Value | |

Mo details available
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Right-click Setup.p and select Run from the menu.

=101 x|

4
b &

53 @) 5=t Documentation

8 -

\TLAB R2014b

L’iﬁ‘ ‘{P = L Find Files. ;%1 E‘ 5 forcltorbie Ly Anelyze Gode L%J @ () Preferences. @ D
) o {1 Open Variable ~ ki Run and Time = Request Support
New New Open |||compare Import  Save i Simulink  Layout [ Set Path Help
‘Seript = L : Data Workspace &MW v [/ Clear Commands = Library s hd i‘gmﬁ-&hﬁ'
FILE VARIABLE = GODE SINULINK | E !
< B HE » Ci » Program Files (x86) » OMRON b SysmacStudio » MATLAB » | o
Current Folder ‘Command Window @ || workspace (O]
Name 7 fx >> Name Value
|| Common
Win32
I} Win64
= Show Detais

Open OUSdE MATLAB

Show in Explorer

Create Zp File

Renzme F2

Delete Delete

Campare Seletted Fles/Fofders

Compare Against »

cut cul4x

Copy cul+c

Peste cul#v

v Indicate Files Mot on Path
setup.p (P-cage) v
No details avalable
2
Confirm that Sysmac Studio interface setup has been completed successfully is
displayed in the Command Window.
=10 x|

(2 ISEarEh Documnentztion

HONE BERLiB09e

B -

New Variable A Code ol 2] (4 co
0E 3 [5J Find Files \% g, atewies L Aneiyze LIS EE {6} Preferences () & Commnty

(17 Open Variable = L7 Run and Time ‘= Request Support

New New Open |[°|Compare Import  Save Simuink  Layout [~ Set Path Help
Seript v - Data Workspace [’ ClearWorkspace v ([ Clear Commands w  Library - v OpAdd-Ons v
FILE | VARIABLE | CODE | SIMULINK | | RESOURCES |

<A ® (5 3 L » C v Program Files (xB6) » OMRON b SysmacStudio b MATLAB » - o
Current Folder ‘Command Window (¥ || workspace @

Name / 5> Setup Name Value |
., Common Sysmac Studio interface setup has been completed successfully
Win32 I >>
WinG4
Setup.p (P-code) ~

No details avaiable
2




I 2.2. Designing the Control Algorithm

You build a model for the Controller and controlled system using the Simulink. The code is
created for the Controller by the Simulink PLC Coder. Therefore, you need to build the model
using a block supported by the Simulink PLC Coder.

@ Additional Information

® Access the website of The MathWorks Inc. or refer to the Simulink User Guide that
is provided by The MathWorks Inc. for how to use the Simulink.

® Access the website of The MathWorks Inc. or refer to the Simulink PLC Coder
User’s Guide that is provided by The MathWorks Inc. for the blocks supported by
the Simulink PLC Coder.

This Guide gives an example for designing the control algorithm so that an NJ-series CPU Unit
controls the position and a Servo Drive controls the velocity.

In the Sample File No. 1 PLCCoderDemoMC.mdl that is provided separately, a model is
created for the Controller (Controller block) and controlled system (ControlledSystem block) by
the Simulink as shown in the following figure.

The sampling time of the Controller is set to 1 ms in the sample.

@ Additional Information

Set the sampling time of the Controller so that it matches the task period of the Sysmac
Studio. (Primary periodic task period on the Sysmac Studio: 500 ps, 1 ms, 2 ms, or 4 ms)

* , PLCCoderDemoMC =] 5|
Fle Edit View Display Disgram Smulaton Analyss Code Tools Help
@ =
&~ @ BBe-E-ed®p - |[9-F frerna =@~
PLCCoderDemobC |
® |[FalPLcCoderDematic ¥ -
&
P

Ed CommandPosition [:]
= — Lot

ActualPosition
=
— Ll Scope
(B Commandelocity

Actualvelocity

CommandPosition
ActualPosition
CommandWeloci P CommandVelocity Torgue P Torgue MotorActualVelocity
Controller
tMachine

_ Serva Driver
(]
m |
»
Ready [188% ode45 //_fl
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The following figure shows the inside of the Controller block.

The Controller block is composed of two blocks; the CommandPositionGenerator block for
creating position command values and the PositionController block for position control.

" o PLLLoderDemet it Contraller

=l
Fle §dt Yew (ol Dogem Jemubton Arabvss (ode Tools Heb .

Br@<c- eEe-E-@d@P - (- P =il

Contreder |

& |[FalfLccoderbenct ¥ (ByfContraler b

CammanrdPasition

BitFoel oo = .
CommandPosition

Cammandieiocity =
TargetPos P ActualPasition ¥ -
Camemand PositionGeneratar — - Cammandvelocty

PastionCantmliar

ActuslPosition
ActialPoaition

&

:m 154 ol
The inside of the PositionController block is shown below.

Kp is the adjustable parameter.

ol

Ble Bt Yew Duclay Dagrem Jmuslion jrabos Code ook teo

B¢ ¢E@-E-edEb - |- [ew = (g

PesnenCantter |

& |[RlPLcCosermensiC b [PglConmoter » g/PesmonControter -

3

: % .I\IL/\‘ :
CommendPoshion Command Vekacity
PesitiorContral Saturation
D
ActualPositon

]
-

»
Frady ) odeds

You will get the simulation execution results (Scope) as shown below. The characteristics will
be changed by changing Kp.

EA Scope

S0 e %% D06
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3. Setting up the System

I 3.1. System Setup Procedures

The operation procedure of Simulink and Sysmac Studio is given below.

3.21 Outputting the Code using the Simulink PLC
Coder
v
3.2.2 Importing the Code into the Sysmac Studio
v
3.2.3 Checking the Calculation Accuracy
v
3.24 Creating the EtherCAT Network
Configuration
v
3.25 Setting the Axis
v
3.2.6 Creating Programs
v
3.2.7 Creating the Programming Terminal Screen
v
3.2.8 Preparing the Co-simulation of Simulink and
Sysmac Studio
v
3.2.9 Debugging by Simulation

You make a setting for outputting the code for the

Sysmac Studio and output the code with test code.

You import the code outputted by the Simulink PLC

Coder into the Sysmac Studio.

You confirm that the code has the same calculation
accuracy as the Simulink (within the acceptable error

range) by a simulation.

You register a R88D-KNO1L-ECT Servo Drive that
operates as axis 0 on the EtherCAT network

configuration.

You add an axis to control the Servo Drive, assign the
Servo Drive to the axis, and make the axis parameter

settings.

You create a program for calling the function blocks
whose code was outputted by the Simulink PLC
Coder and a program for outputting command values

to the Servo Drive.

You insert the Programmable Terminal in the Sysmac
Studio project and create a Programmable Terminal

screen for the operation and display.

You add the Sysmac Controller Interface block to the
Simulink model and make the setting for data
exchange between Simulink and Sysmac Studio.
Also, you add the Sysmac IO Device block to
link with the parameter settings of the Servo
Drive in the Sysmac Studio project.

You debug the programs and screens that you

created by the SILS (Software In the Loop

Simulation).
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3.2.10

3.2.11

3.2.12

Transferring the Programs to the CPU Unit
and Servo Drive

v
Transferring Screen Data to Programmable
Terminal

v
System Operation Check

You transfer the programs and parameter settings to

the physical CPU Unit and Servo Drive.

You transfer the screen data that you created to the

physical Programmable Terminal.

You execute the operation according to the programs
transferred to the physical device and check the
operation by comparing it with the simulation using
the function for data acquisition from the NJ-series
CPU Unit to the Simulink.



I 3.2. Simulink PLC Coder & Sysmac Studio Operation Procedure

3.2.1. Outputting the Code using the Simulink PLC Coder
You make a setting for outputting the code for the Sysmac Studio and output the code with test

code from the Simulink.

1 | Open the Sample File No. 1 PLCCoderDemoMC.mdl that is provided separately on the

Simulink.
Sl= 1]
Bl Bt Yew Qo Ducoen geulason (lves Qode Jook beb
e | Pl B R0 IS N IR N PR == SRR
PLCCoderDema |
& [rrccatebeme -
o
4]
=
= =
il » Scope
= Crommard Velocity
ActualVelocity
P{zcusPosiian
» ity Tamua B Tomue  Motordh
_ Machine
Servo Driver
=
n
=

2| Click the Controller block to output the code and select PLC Code - Options from the

Code Menu.

" . PLCCoderDemoMC
File Edit Wiew Display Diagram Simulation Analysis | Code Tools Help

= i —= PLC Code 4 Check Subsystem Compatibility
@ < &5 EETED

Data Objects * Generate Code for Subsystem
PLCCoderDemaMC I T— )
Automatic Import not supported for the selected Taraet IDE

@ |[Pa|PLCCoderDemomc b

MNavigate fo Code

3| Select PLC Code Generation, and then select OMRON Sysmac Studio for Target IDE.

) Canfiguration Parameters: PLCCodertemabd [Canfigurations {Acther)

Select:
Sahur
Target IDE
Data Import/Export
& Optimization Targét IDE Path |
5 Dragnostice
Hardware Implementation Coda Output Diractary [plesre
Model Referencing
# Simulation Target I™ Generate testbench for subsystem Generate code...

= PLC Code Generation
Comments
Optimization
Symbols
Report
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4 | Select the Generate testbench for subsystem check box.

Q Canfiguration Parameters: P CCaderDemobC [Canfigurationd {Acther) = =101 x|
Select; Genersl options -
Saher .
Target DE OMRON Sysmac St =
Data Import/Export I R |
& Optimization Target IDE Fath |
= Deagriostics
Hardware inploténtation Code Output Directary [ptesrc
Maodel
8 Siuiation Target I | Figomart wabtoch foc sy I Generate code... I|
£ PLC Code
Comments
Optimizatian
Symbals
Report
=1
9 o | cance | wep | sy |

5| Click the Apply Button.

©Q Canfiguration Parameters: P CCaderDemobC [Canfigurationd {Acther) = =101 x|
Select: Genersl options -
Soker e
Target IDE OMRON 5 Stied -
Data Import/Export I R |
& Optimization Target IDE Fath |
5 Dragnostics
Hardware inploténtation Code Output Directary [presre
Model Ref =
ki ‘M;lw:nz:r:;:;tq ¥ ‘Generote bestbench for subsystem Generate code... |
= PLC Code Generation L |
Comments
Optimization
Symbals
Report
il
@ ok | comcel | v ey 3]

B | Click the Generate Code Button.

©Q Canfiguration Parameters: P CCaderDemobC [Canfigurationd {Acther) = =100 x|
] cowomen :
Sahver et
Target IDE OMRON Sysmac Studi -4
Data Import/Export ! - |
[ Optimization Targat IDE Fath |
- Diagnustics

Hardware inploténtation Code Output Directary [presre
Model Referending

& Semwlotion Terget | ¥ Generate testbench for subsystem Generate code... . |
= PLC Code Generation

Comments
Optimization
Symbals
Report

=

Q9 o | comcel | wel | awy |

7/ | The PLCCoderDemoMC.xml file is saved into the plcsrc folder specified in Code Output
Directory.

01 x]
E- 1% % % 4le v e @@
PLCCoderDemo...

~ PLC Coder Generate Code © 1
8:29:42 AM Jan 7, 2015 Elapsed: 8 sec

(i) PLC code generation successful for 'PLCCoderDemocMC/Controller'.

Generated files:
plcsrchPLCCoderDemoMC. xml
Component: PLC Coder | Category: PLC Coder

g Additional Information

When you adjust the parameters after code generation, you generate the code as a
variable, not a constant (literal). Access the website of The MathWorks Inc. or refer to
the Simulink PLC Coder User’s Guide that is provided by The MathWorks Inc. for the
setting procedure.




3.2.2. Importing the Code into the Sysmac Studio
You import the code outputted by the Simulink PLC Coder into the Sysmac Studio.

g Additional Information

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

1| Start the Sysmac Studio and create a new project.
Set the Select Device Area as shown below.
Category: Controller
Device: NJ501-1300
Version: 1.09

E% Offline

| 5 MNew Project

Create

2 | Delete the ProgramO that is automatically created when a new project is created
because it is not used in this Guide.

Multiview Explorer

new_Controller 0w
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460

Multiview Explorer

new_Controller 0 ¥

L Configurations and Setup
b4 Programming

¥ i@ rous

3| Select Import ST Program from the Tools Menu.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

Fil= Edit WView Insert Project Controller Simulation  Tools  Help

Backup

Export Global Variables
Comments for Variables and Data Types

Update Configurations and Setup Transfer Data
EtherNet/IP Connection Settings
Option...

Yo

4 | Select the PLCCoderDemoMC.xml file that was outputted in the previous section in the
Import ST Program Dialog Box.

€9 - L) - comouner < Local Dk ) < pose K3 [ search phesrc (|
Organze *  Mew folder = x 1@
W Favontes
B Ceskten
& Conrioscs
A Recent Maces
i Litwarie
| Documents:
o Music
e Pctures
B vdeos
T Compter
& ocal Dk (23
i Dt [0}
i Netwerk
File pames [PLCCadrDemahdC.smi =] [ prorem tormat amty 7]
o |
by ol

The data is imported and the programs, functions, function blocks, data types, and
global variables in the XML file are added to the project of Sysmac Studio.
Multiview Explorer
new_Contraller 0 v

| 8 Configurations and Setup
A4 Programming

¥ il pous
vE
LB MainTB

> 3 Tacks

The Controller block whose code is outputted by the Simulink PLC Coder and its
internal blocks CommandPositionGenerator and PositionController are imported as
function blocks of Sysmac Studio.

TestBench is a function block for a test to call the Controller function block.

MainTB is a program to call the TestBench function block.

@ Additional Information

The TestBench function block and the MainTB program are outputted when the
Generate testbench for subsystem check box is selected in Step 4 of 3.2.1. Outputting
the Code using the Simulink PLC Coder.




3.2.3.
You confirm that the code has the same calculation accuracy as the Simulink (within the
acceptable error range) by a simulation.

Checking the Calculation Accuracy

Double-click Task Settings in the Multiview Explorer to display the Task Settings Tab
Page.

Multiview Explorer -~ 1

new_Controller 0 v l

bl Configurations and Setup

EtherCAT

F4 Data Trace Zietthg Task Settings

Set the task period to 1 ms in the Task Settings View on the Sysmac Studio so that the
period matches the sampling time of the Controller on the Simulink.

_Taﬂc Settings X -

| | Task Name  |Period/Execution Co|Detailed Execution CTask Period ExceedelTask Timeout Detectf

T 7 - I e~ | srsperont v |
500us

Program name Initial status

v - Run
A

Select Run from the Simulation Menu of the Sysmac Studio.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio
File Edit Wiew Insert Project Controller  Simulation  Tools  Help
[ ) . Run F5
Voo S
| B 4 B a Run in PROGRAM mode % AILHFS
Multiview Explorer

Step Execution F10
Step In F11

new_Controller_0

‘Continuous Step Execution
Execute One Scan

Breakpoint Window Alt+F9

Calibration
Run in Execution Time Estimation Made

Start NS Integrated Simulation

27



28

Double-click TestBench in the Multiview Explorer to display the program.
Multiview Explorer ~ I

new_Controller_0 m
L4 Configurations and Setup
L4 Programming

¥ i@l rous
vYE Programs
LE MainTB
L Function
¥ = Function Blocks
LB
L B Controller k
LB mandP nizenerator
LB PpositicnController
P B2 Data
[ » P Tasks

Confirm that testVerify is True and testCycleNum is the value of
TEST_CYCLE_COUNT written in the comment.

TestBench - MainTE.tbInstan... X

I
(* TEST_CYCLE_COUNT = 3001 ) -

=

=IF need_init THEN

testVerify p True CRL#TRUE;

testCycIeNum DINT#0;
need INit|p False [:=BUU 5

END_IF;

I e T O L

5

You can confirm that calculation accuracy of the output data is the same level as the
Simulink (within the acceptable error range) if testVerify is True.

You can also confirm that the simulation has been completed if testCycleNum is the
value of TEST_CYCLE_COUNT written in the comment.




3.2.4. Creating the EtherCAT Network Configuration
You register a R88D-KNA5SL-ECT Servo Drive that operates as axis 0 on the EtherCAT network
configuration.

1 | Double-click EtherCAT in the Multiview Explorer to display the EtherCAT Tab Page
where you edit the EtherCAT network configuration.

Multiview Explorer ~ 01

new_Controller_0 hd III

LA Configurations and Setup
E

P = CPU/Expans 5

< /O Map

» & Controller Setup

» 1% Motion Control Setup
& Cam Data Settings

things

ettings
b Data Trace Settings

2 | Drag the R88D-KNA5L-ECT from the Toolbox to the master.
The Servo Drive is added under the master with a node address of 1.

vork conligers
= QN
I _I_I RAED-KNASL-ECT Revid.1

@ Additional Information

To use digital I/O devices, analog I/O devices, and encoder input devices, add the
devices using the same procedure. For data access to the devices that you added,
register the device variables in the 1/0 Map.

The examples for using GX-AD0471 Analog Input Terminal and GX-DA0271 Analog
Output Terminal are provided as samples. Refer to the Sample File No. 4
PLCCoderDemoMC_ADDA.mdl and No. 5 PLCCoderDemoMC_ADDA.smc?2 that are
provided separately.
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3.2.5. Setting the Axis

You add an axis to control the Servo Drive, assign the Servo Drive to the axis, and make the
axis parameter settings.

1 | Double-click Motion Control Setup in the Multiview Explorer and right-click Axis
Settings and select Add - Axis Settings from the menu.

Multiview Explorer

new_Controller_0 v

b4 Configurations and Setup

EtherCAT

2 | Double-click MC_Axis000(0) (Axis 0) that was added under Motion Control Setup -
AXxis Settings in the Multiview Explorer to display the axis parameter setting view.

Multiview Explorer

new_Controlber_0

bl Configurations and Setup

3 | Make the Axis Basic Settings as shown below to assign the Servo Drive to the axis.
Axis type: Servo axis

Output device 1: Node: 1 R88D-KNA5L-ETC(E001)

_MC_AxisOOO 0 x -

s romber [
Uy i Used axis
iy HAods use

Axis type Servo axis

Feedback control No control loop
Input device 1 <
Input device 2
Input device 3 <
Output device 1 H BO-KNASL-ECT(EDOL) ¥
Output device 2 <Mot assigned> v
Output device 3 <Mot assigned> v

» Detailed Settings
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Make the Unit Conversion Settings according to the mechanical configuration.
Unit of display: mm
Command pulse count per motor rotation: 131072 pulse/rev
Work travel distance per motor rotation: 96 mm/rev

_MC_AxI'sOOO [0 > -
%
2 HHH

[ITTTTT] Command pulse count per motor rotation 131072 RE G
|+| T 1 Work travel distance per motor rotation Gl mmyfrev

e P (b o el

Unit: of display @ pulse Q mm ® um

e s = Command pulse count per motor rotation (UDIMT)

—_— *Tra\ <ta i enylay
! Work travel distance per motor rotation (LREAL) e S EES ] AT G e

Make the Operation Settings according to the mechanical configuration.
Maximum velocity: 50 mm/s
Maximum jog velocity: 50 mm/s

_MCfoI'sOOO i x -

w Valnrit A realaratinn Macalaratinn

S . Veloity varing vaoc )
Start velodty mm{s

—_— Acceleration waming value _ o
— e ——

Acceleration/deceleration over Use rapid acceleration/deceleration (Blending is changed to Buffered] v
Operation selection at Reversing [Deceleration stop |™v

Right-click Nodel: R88D-KNAS5SL-ECT under EtherCAT in the Multiview Explorer and
select Parameters from the menu to display the Parameter Setting Tab Page.

Multiview Explorer -1

new_Controller_0 A I

A Configurations and Setup

Set the Servo Drive parameters as shown below according to the mechanical
configuration.

Inertia Ratio: 1500 %

Operation Switch When Using Absolute Encoder: 1: Use as incremental encoder
Input Signal Selection 1 to 3: 0: Disabled — Contact A

X By g e MR

Suia bee C v Crnevihe | Dofan Bwge  |Lwm =

o
T e
T [

EHHEHEHEEE
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3.2.6. Creating Programs
You create a program for calling the function blocks whose code was outputted by the Simulink
PLC Coder and a program for outputting command values to the Servo Drive.

1| Delete TestBench and MainTB because they are used for the test to check the
calculation accuracy.
Right-click TestBench in the Multiview Explorer and select Delete from the menu.

Multiview Explorer ~ 1

new_Controller_0 v I
L4 Cenfigurations and Setup
bl Programming

¥ i@ pous
¥ = Programs
LB
L ® Functio

Insert Above
Edit
Cut

Copy

Move Down

Right-click MainTB in the Multiview Explorer and select Delete from the menu.

Multiview Explorer -~ 1

new_Controller_0 v I
4 Configurations and Setup
bl Programming

¥ i@ rous
¥ = Programs
LB

Insert Above

Edit

Cut Terator

Copy

e

Seaurity
Properties

Settings For Debugging




Create the PositionControl program for the following processing.

- Servo ON (by executing the MC_Power instruction)

- Homing (by executing the MC_Home and MC_MoveZeroPosition instructions)

- Calculation of velocity command values by the Controller function block whose
code was outputted by the Simulink PLC Coder

- Output of velocity command values to the Servo Drive (by executing the
MC_SyncMoveVelocity instruction)

- Execution of the above operations by the signals from the Programmable
Terminal

- Output of the execution status of the above operations to the Programmable
Terminal

{ssMethodType := SINTEL ActualPosition == MC_Axis000 Act Pas)
trofier CommandVeledity;

» Counter

P Data Movement

P Data Type Con

lFF“::.

| ¥ Lacklor Took:

| ¥ i
» Motion Control
i CrdBniMcde Attt

soo{Bittartiods  CommansabermS st

Double-click Task Settings in the Multiview Explorer to display the Task Settings Tab
Page.

Multiview Explorer -~ 1

new_Controller_0 hd III

L\l Configurations and Setup
e -

therCAT

Set the task period to 1ms in the Task Settings View on the Sysmac Studio so that the
period matches the sampling time of the Controller on the Simulink.

Task Settings X

|

|  TaskName  |Period/Execution Co|Detailed Execution CTask Period Exceede(Task Timeout Detectf

I i i P T T B et v | sperat v |

B | =
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5| In the Program Assignment Settings View, select the PositionControl program that you
created.
_msmngax -

7

¥ B PrimaryTask

Program name Initial status

E——————————— |
:

B | Check the program that you created.
Select Check All Programs from the Project Menu.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Insert Project Controller Simulation  Tool
Check All Programs F7
Check Selected PrograJ% Shift+F7

Build Contraller F&

Multiview Explorer
Rebuild Controller

new_Controller 0

Memory Usage
Ll Configurations and Set : :
> 7 EtherCAT Online Edit :
P =5 CPU/Expansioflltch b

M Precautions for Correct Use

The sample programming that is provided in this Guide includes only the programming
that is required to operate the Servomotors. When programming actual applications,
also program EtherCAT communications, device interlocks, /O with other devices, and
other control procedures.

@ Additional Information

® Refer to the Sample File No. 2 PLCCoderDemoMC.smc2 that is provided separately
for the above program.

® Referto 4.1. Programming in Ladder Diagram Language for programming in ladder
diagram language.
® The instruction to use differs by the command given to the Servo Drive. Use the
following instructions according to the command type.
Position command: MC_SyncMoveAbsolute
Velocity command: MC_SyncMoveVelocity
Torque command: MC_TorqueControl
If you use a MC_TorqueControl instruction, the command values are not outputted
cyclically. You need to write the program so that the command values are outputted
cyclically. Refer to the MC_mySyncTorqueControl of the Sample File No. 3
PLCCoderDemoMC_Torque.smc? that is provided separately for the program.




3.2.7.

You

Creating the Programming Terminal Screen
insert the Programmable Terminal in the Sysmac Studio project and create a

Programmable Terminal screen for the operation and display.

1 | Select HMI — NA5 from the Insert Menu of the Sysmac Studio.
File Edit View Insert Project Controller  Simulation
: y ‘J ﬁ Circuit Parts 3
Controller 3
Multiview Explorer Ll ’
Measurement Sensor - ¢
Vision Sensar L]
Slave Terminal 3
Program (3
Function ]
Function Block 3
Axis Settings
Axes Group Setlings
Cam Data Settings
Data Trace
2 | Make the settings as shown below in the Add Device Dialog Box and click the OK
Button.
Category: HMI '-ﬁﬂ Select Device
DeVICG NA5‘1 2W1 01 I:' Category HMI
Version: 1.01 Device ‘NAa5 v -1zwimid v
Version —T
| oK Cancel
3| Create a Programmable Terminal screen for the following processing.

- Servo ON/OFF operation and status display

- Homing operation

- Start/stop of movement to the command position and status display
- Status display of completion of movement to the command position
- Command position setting and display

- Current position display

- Velocity command value display

=\

Additional Information
Refer to the Sample File No. 2 PLCCoderDemoMC.smc2 that is provided separately for
the above program.
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3.2.8. Preparing the Co-simulation of Simulink and Sysmac Studio
You add the Sysmac Controller Interface block to the Simulink model and make the setting for
data exchange between Simulink and Sysmac Studio.
Also, you add the Sysmac IO Device block to link with the parameter settings of the Servo Drive
in the Sysmac Studio project.

1 | Open the Sample File No. 1 PLCCoderDemoMC.mdl that is provided separately on the

Simulink.
= 1]

Bl ESt pew Chcter Ougoen Geulsson (lves (ode ook beb :
=8 W@-E-e g e[ o—
PLCCoderDema |
& [rrccatebeme -
S >
-+ Commar APeaition
= -

ActualPosition
(o
2 - Seope
= Crommard Velocity

ActalVelosity

PéctsBasition
» i Tomus Bl Tomue  Motor
Cortraller
Machirg
Servo Driver

e
n
0 |

2| Select the Sysmac Controller Interface block from the Simulink Library Browser and

add it to the Simulink model that you opened in Step 1.
& g Simulink Library Browser 1ol =

(] IEnter search term 'I @ b i T i S @

OMRON/Sysmac Studio

- Commenly Used Blocks oo
-~ Continuous
- Discontinuities
-~ Discrete
-~ Logic and Bit Operations
- Lookup Tables
-~ Math Operations
- Model Verification
-~ Model-Wide Utilities
-~ Ports & Subsystems
- Signal Attributes
- Signal Reouting
- Sinks
- Sources
- User-Defined Functions
[#- Additional Math & Discrete
- Control System Toolbox
[+ HOL Coder
-~ Model Predictive Control Toolbox
EH OMROM
Sysmac Studio
- Simulink 3D Animation
- Simulink Coder
- Simulink Extras
-~ Stateflow
- Recently Used Blocks

=1 simulink ‘ ‘

Sysmac Controller Interface Sysmac [0 Device

=

Pp——
-
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Double-click the Sysmac Controller Interface block that you added in Step 2 and display
the dialog box where to make the setting for data exchange between Simulink and
Sysmac Studio’s Simulator.

. B e | _taae | o tete | _tem |
EET S S ) T le

e | o | e |

Select MC_Axis000.Act.Pos from the list of variables in the Sysmac Studio project and
click the Register Button for the In list to pass the actual current position calculated by
the Simulink to the Sysmac Studio’s Simulator.

Descriotion. (i Gl of iarngies e Syead Ioas pruiect B GHGAYE a

Syt 10 1 e 6t G L wewn | o Cancel

Select CommandPosition from the list of variables in the Sysmac Studio project and
click the Register Button for the Out list to pass the position command value calculated
by the Sysmac Studio’s Simulator to the Simulink.

T aioix|
Crrecton ot TR esivs e i =

DHsTREer A G o varacies e FyEras B1.0S GOt 3 Cipvee

Sy a2 i ot
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Select MC_Axis000.Cmd. Vel from the list of variables in the Sysmac Studio project and
click the Register Button for the Out list to pass the velocity command value for the
Servo Drive calculated by the Sysmac Studio’s Simulator to the Simulink.

Deserioton. [N o S B e s Gy ___
Syt 10 1 e 6t G L =

o | | oe |

7

Select Kp from the list of variables in the Sysmac Studio project and click the Register
Button for the Parameter list to pass the values from Simulink to Sysmac Studio only in
the first step,

Deserioton. [N o S B e s Gy ___
Syt 10 1 e 6t G L

Click the OK Button to close the dialog box.

‘Jewgte-_ . d
TR el -




Q| Delete the Controller block and replace it with the Sysmac Controller Interface block
that you added.

Connect the input signal line and output signal line of the Sysmac Controller Interface
block.

=l
Bl E8t yow Dulay Dogem Gmueton frefym Code ook i
R ol A= R R RN RN TR A B |
[ |
& |mnccaetema b =
]
4]
=
=
Simulator
CommandPos itien ActunlVelocity
Syemae
=3 ¥ 1Py Gontmbar
W s 000 ferPes. Gortoba
MG A 000.5 md Vel i
Sysmac Controller [nterface
Muchirs
Servo Driver
-
o
»
— ]

10| Select the Sysmac 10 Device block from the Simulink Library Browser and add it to the
Simulink model.

= & Simulink Library Browser =] 3]
< Entersearchterm @] A8, ¥ Ly (9| = (3
OMRON/Sysmac Studio
= Simuink —
Commenly Used Blocks o=
Conti
ontinuous Sysmac Controller Interface Sysmac 10 Device
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables

Math Operations
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Routing

Sinks

Sources

User-Defined Functions

[ Additional Math & Discrete
Control System Toolbox

[+ HDL Coder

~Model Predictive Control Toolbox
[+ OMRON

i Sysmac Studio

[+ Simulink 3D Animation

[+ Simulink Coder

[ Simulink Extras

- Recently Used Blocks

£

11 | Double-click the Sysmac 10 Device block added in Step 10. The setting dialog box for
selecting a device in the Sysmac Studio project is displayed.
-1

Select an 1/ device.
A Servo Drive assigned to an axis can be selected,

EthesCA
Node1:R88D-KNASL-ECT(E001)
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12 | Select the Servo Drive whose node address is 1 from the EtherCAT network
configuration in the Sysmac Studio project.

S1=TE
Select an T/O device.

A Servo Drive assignad to an axis can be selacted.
I EtherCAT I
I

Select the Servomotor to be connected to the Servo Drive.

Model Rated Power [W] | Brake | Rated Torque [N m] | Rotor Inertia [k m2] | Resolution [pulse/rev]
RE8M-K05030H(-52) .16 0.0000025

RBBM-K05030T(-52) 50 no 0.16 0.0000025 131072
RB8M-K05030H-B(52) 50 yes 0.16 0.0000027 1048576
R8BM-KO05030T-B(52) 50 ves 0.16 0.0000027 131072

13| Select R88M-K10030T from the list of servomotors that can be connected to the Servo
Drive selected in Step 12.

151
Select an T/O device.

A Servo Drive assigned to an axis can be selected.
- EtherCAT

Zeemibs Senvitsi b mncerer s b Sennone
Model  Rated Poveer [W] | Brake | Rated Torque [N m] | Rotor Inertia (ko m2] | Resolution [pulsejrex] -I
RB8M-K05030H(-52) 50 no 0.16 0.0000025 1048576
RB8M-K05030H-B(52) 50 yes 0.16 0.0000027 1048576 [%
R8BM-KO05030T-B(52) 50 ves 0.16 0.0000027 131072

Ok Cancel

14 | Click the OK Button to close the dialog box.

[5] sysmac 1/0 Device =18 x|
Select an 1/O device.

A Servo Drive assigned to an axis can be selected,
~ EtherCAT

Select the Servomotor to be connected to the Servo Drive,

Mode! Rated Power [W] | Brake | Rated Torque [N m] | Rotor Inertia [k m2] | Resolution [pulse/rev]
RBBM-KOS030H(-52) 50 no 0.16 0.0000025 1043576

2. .16 0.0000025 1.
R88M-K05030H-B(52) 50 yes, 0.16 0.0000027 1048576
REBM-K0S030T-B(S2) 50 ves 0.16 0.0000027 131072
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Delete the Servo Drive block and replace it with the Sysmac 10 Device block that you
added. Connect the input signal lines and output signal lines of the Sysmac 10 Device
block as shown below.
<Inputs>
Modes of operation: Constant (9: Cyclic synchronous velocity mode (csv))
Cmd.Pos: Ground (Not used)
Cmd.Vel: Output (MC_Axis000.Cmd.Vel) from the Sysmac Controller Interface block
Motor actual velocity: Output (MotorActualVelocity) from the Machine block
<Outputs>
Modes of operation display: Terminator (Not used)
Torque demand: Input (Torque) to the Machine block
Act.Pos: Input (MC_Axis000.Act.Pos) to the Sysmac Controller Interface block
Act.Vel: Scope
Act.Trq: Terminator (Not used)
Because the unit of input (Torque) to the Machine block is [%],convert the value to
the torque in [N m].

= (=1}
e Gdt Vew Dspley Dogram Smuston Anslyss Code Tools lelp
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@ Additional Information

Refer to the Sample File No. 6 SILSDemoMC.mdl for the Simulink model that you
created by the above operation.
You can add the following axis variable members to the In list.

Variable name (Member) | Name

Act.Pos Actual current position
Act.Vel Actual current velocity
Act.Trq Actual current torque

However, you can add only the axes whose Axis use parameter is set to Unused
axis (changeable to used axis) or Used axis and whose Axis type parameter is set to
Servo axis or Encoder axis. Like the actual access from Servo Drive or encoder to
Controller, these variables are converted to the data type for the PDO
communications (Act.Pos and Act.Vel are converted to DINT data and Act.Trq is
converted to INT data) for unit conversion of axis variables (i.e., calculation based
on the electronic gear ratio setting) using the command pulse count per motor
rotation and work travel distance per motor rotation.
The Modes of operation input to the Sysmac 10 Device block is corresponding to the
operation mode of the process data object (PDO) of the AC Servomotor/Servo
Drives G5/1S-series with built-in EtherCAT communications (6060 hex) and refers
to 8: Cyclic synchronous position mode (csp), 9: Cyclic synchronous velocity mode
(csv), or 10: Cyclic synchronous torque mode (cst).
The unit of the Toque demand output from the Sysmac 10 Device block is [%]. To
convert the value to the torque in [N m], use the rated torque to calculate it as shown
below.

Torque [N m] = Torque [%] x rated torque / 100
You can confirm the rated torque in the setting dialog box for the Sysmac IO Device
block.




3.2.9.
You debug the programs and screens that you created by the SILS (Software In the Loop
Simulation).

Debugging by Simulation

Select Run witn NA Simulator from the Simulation Menu of the Sysmac Studio.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Insert Project Conbroller Simulation Tools Help

1 = Run FS
2] [BSl  Runin PROGRAM mode Alt+FS
Multiview Explorer - 1
o e III Step Executicn F10
Step In Fl1
v
EtherCAT Continuous Step Execution
» =5 CPU/Expansion Racks Exzcuts One Scan
& /O Map
» 3 Controller Setup Breakpoint Window alt+Fe
» & Motion Control Setup
& Cam Data Settings
. Euent Sttngs cabraton
S Lke=lSE i Run in Execution Time Estimation Maode
lata Trace Settings
M Programming
¥ 8 pous Run with NA Simulator... %
v E Programs Start NS Integrated Simulation

Select the HMI that you created in 3.2.7. Creating the Programming Terminal Screen in
the Simulator Option Dialog Box and click the OK Button.

simulator Option

Please select a device to use in this Integrated Simulation.

HMI HML NAS_0

The Simulator of the Programmable Terminal is started.

Targ

Actual Position Command Velocity
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Select Run from the Simulation Menu of the Simulink.

" . SILSDemoMC

File Edit View Display Diagram | Simulation Analysis Code Tools Help ]

. Update Di ctri+D 3
] [ £ Update Diagram 3
Bz ~ = _
@ Model Configuration Parameters Cirl+E
SILSDemoMC |
Mode +
© |"a|SILSDemoMC P Data Display ¥
&)
g Enable Fast Restart
- ..
[l step Forward _
] i
Qutput 4
@’ Stepping Options
Debug o |
T T =

Click the Power ON Button on the Test Window for the Programmable Terminal.
The Servo is turned ON and the Ready Lamp is lit.

Home Run Done

® ®

Target Position 100
Actual Position Command Velocity

Click the Home Button on the Test Window for the Programmable Terminal.
The axis is returned to the home.

210 3

Command Velocity




Click the Start Button on the Test Window for the Programmable Terminal.
The axis starts moving to the Target Position and the Run Lamp is lit.
The Actual Position value and Command Velocity value change.

When the movement is completed, the Done Lamp is lit.

SRR o s o Cuntater: M) 1

Home

210

Run Done

Command Velocity

Check the simulation results (Scope) of the Simulink.

You can confirm that you got the similar results as the waveform shown in 1.2. The
Servo System Constructed in this Guide and 2.2. Designing the Control Algorithm.

Scope

ERIE NI

Use the following procedure to stop the simulation.

Select Stop from the Simulation Menu of the Simulink.

Fie Edit View Display Diagram | Simulation Analysis Code Tools Help

Ejv

SILSDemoMC |

© |[Pa|sILSDemoMC B

B U E S

3

[ 2% Update Diagram Ctrl+D

E @ Model Configuration Parameters Ctrl+E
Mode: r
Data Display 4
et e S 3

(II) Pause Ctrl+T
Step Forward
Output v
Stepping Optic
Debug b
O —

3
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Q| Select Stop from the Simulation Menu of the Sysmac Studio.

[5] PLCCoderDemoMC - new_Controller_0 - Sysmac Studio
File Edit View Insert Project Controller Simulation Tools  Help

Pause Ctrl+-Alt+Braak
Stop b Shift+F5

Ereakpoint Window Alt+F9

El Precautions for Correct Use

When the SIM_SetActPos, SIM_SetActVel, or SIM_SetActTrq simulation instruction
is used, the Simulink cannot pass the value to the Act.Pos (actual current position),
Act.Vel (actual current velocity), or Act.Trg (actual current torque) variable of the
Sysmac Studio.

Do not use the SIM_SetActPos, SIM_SetActVel, or SIM_SetActTrq simulation
instruction to pass the value from the Simulink to the Act.Pos (actual current
position), Act.Vel (actual current velocity), or Act.Trq (actual current torque) variable
of the Sysmac Studio.

When the SIM_SetVelocity simulation instruction is used for the encoder axis, the
Simulink cannot pass the value to the Act.Vel (current velocity ) variable of the
Sysmac Studio.

Do not use the SIM_SetVelocity simulation instruction to pass the value from the
Simulink to the Act.Vel (current velocity) variable of the Sysmac Studio.

Unit conversion of the axis variables (i.e., calculation based on the electronic gear
ratio setting) uses the command pulse count per motor rotation and work travel
distance per motor rotation at the simulation start of the Simulink. Therefore, if the
command pulse count per motor rotation or work travel distance per motor rotation
is changed by the MC_WriteAxisParameter instruction during the simulation, the
Simulink cannot correctly write the values to the Act.Pos (actual current position)
variable and the Act.Vel (actual current velocity) variable of the Sysmac Studio.

Do not change the command pulse count per motor rotation or work travel distance
per motor rotation when the values are written from the Simulink to the Act.Pos
(actual current position) variable and the Act.Vel (actual current velocity) variable of
the Sysmac Studio.

@ Additional Information

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

The control performance is changed by changing the gain and other parameters of
the Servo Drive. Refer to 4.2. Sysmac |0 Device Support Models and Simulation
Target Functions for the simulation target functions.




3.2.10.

Transferring the Programs to the CPU Unit and Servo Drive

You transfer the programs and parameter settings to the physical NJ-series CPU Unit and
Servo Drive.

Select Online from the Controller Menu.

[] PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

Fila Edit View Insert Project Controller Simulation Tools  Help

1 . _ Communications Setup...
v g 5 =
| ¥ @ B0 Change Device
Multiview Explorer cils % Er
new_Controller_0
Transfer... 3
bl Configurations and Setup
Mode 3
SetfReset »
Forcad Refreshing 3
MC Test Run 3
Security (3

Select Transfer - To Controller from the Controller Menu.

[3] PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Insert Project Controller Simulation Tools Help

Offline Ctrl+Shift+W
Synchronization Ctrl+M
Transfer... 3 To Controller...  Ctrl+T
From Controller... Cﬂ'|+5h\ft+‘J%
Mode 3

Stop Menitoring

SetfReset »
Forced Refreshing »
MC Test Run 3
MC Monitor Table...

5D Memory Card...

Controller Clock...

Release Access Right...

Update CPU Unit Name...

Security v

Clear the selection of the Don't transfer the following. (All items are not transferred.)
Check Box.
Click the Execute Button.

The following data will be transferred.

- Configurations and Setup
EtherCAT, CPU/Expansion Racks, IfO Map, Controller Setup
Motion Control Setup, Cam Data Settings, Event Settings
Task Settings

- Programming
POUs, Data, Library

Oplions
Clear the present values of variables with Retain attribute,
Do not transfer the program source. All data will be re-transferred when this option is changed.
Do not transfer the following. {All items are not transferre
ies Special Unit parameters and EtherCAT slave backup parameters.
lave Terminal Unit operation settings and NX Unit application data.
Do not transfer the EtherMet/IP connection settings (built-in port and Unit).

Execute| Close
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3.2.11. Transferring Screen Data to Programmable Terminal
You transfer the screen data that you created to the physical Programmable Terminal.

1 | Select Online from the HMI Menu of the Sysmac Studio.

E| PLCCoderDemoMC - HMI_MAS_0 - Sysmac Studio

File Edit View Insert Project HMI  Simulation Tools Help

Communicaticns Setup...
Change Device

lv a a
| M ‘_1 r‘

Multiview Explorer

HMI_MAS_D Synchronization

2| Select Synchronization — NA Device from the HMI Menu of the Sysmac Studio.

E PLCCoderDemoMC - HMI_NAS_D - Sysmac Studio

File Edit View Insert Project HMI  Simulation Tools Help

Change Device

Multiview Explorer
Offline Cirl+Shift+w

HMI_MAS5_0 Synchronization
HMI Clock...
Update HMI Name...

Security

Clear All Memory...
Reset HMI Device

Synchronisation

| Source Modified Date| Target Modified Date | Target |Detailed Ccmpansun‘

o a
v [
v a
o A
v a
~ A
v a
~ A
v A
v a
v A
v a
v A
v a
| A
o a
= A
o A
= A
v IS
o a

Legend: | Synchronized

B Store the HMI Project source code on the NA Device (required for uploading the project)
Relink internal devices in the project (valid for Transfer From Device)

E& Clear the present value of variables with the ‘Retain’ attribute

Ei CQear Alarm log data from memony

B Clear Data log data from memory

Transfer To Device  Transfer From Device  Recompare
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3.2.12. System Operation Check
You execute the operation according to the programs transferred to the physical device and
check the operation by comparing it with the simulation results using the function for data
acquisition from the NJ-series CPU Unit to the Simulink.
This function can be used when the data are synchronized between the Sysmac Studio and the
NJ-series CPU Unit.

M Precautions for Correct Use

The physical motor will run. Thoroughly read and understand the manuals for all devices
that make up the system to ensure that the system is used safely. Review the entire
contents of these manuals, including all safety precautions, precautions for safe use,
and precautions for correct use before the actual operation.

1 | Select Online from the Controller Menu of the Sysmac Studio.

File Edit View Insert Project Controller Simulation  Tools  Help

1 T _ Communications Setup...
| A ‘J ﬁ [} Change Device
Multiview Explorer erlv % el
Transfer... 3
»
herCAT Modz
3 CPU/Expansion Racks
" /O Map
» T Controller Setup Set/Reset 4
» {F Mation Control Setup Forcad Refreshing >
I&' Cam D:ata -bEﬂI ngs MC Test Run »
™ Event Settings
W Task Settings
1 Data Trace Settings
¥ i@l pous
¥ = Programs
¥ b4 PositionControl Security '
L < InitialOperati
| R,

2| Select Synchronization from the ContrIIer Menu of the Sysmac Studio.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Inset Project Controller Simulation Tools Help
3

Multiview Explorer

Offline Crl+Shift+w

new_Cantroller_0 ~ Synchronization Ctrl+M [%
Transfer...
| 4 Configurations and Setup
Mode 3
¥ @ pous
¥ = Programs Stop Monitoring
¥ I positionControl Set/Reset »
Forcad Refreshing 3
L Initi el

InitialOperati MC Test Run N

L 4% MainOperati
¥ ¥ Functions
L B InPosition 5D Memory Card...

MC Manitor Table...

Controller Clock...
Release Access Right...
Update CPU Unit Name...

¥ = Function Blocks
L B Controller
L B CommandPositic
L B PositionControl| eeellia] '
» M Data
> B3 Tasks
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Confirm that the data are already synchronized in the Synchronization Window and

click the Close Button.

Synchronization

Computer: Data Name

¥ NIS0L

W EtherCAT

¥ (PU/Expansicn Ra
¥ (PU Rack
Units.
¥ Controller Setup
Operation Settings

Fomputer: Update Datt{ContmllEn Update Datﬂ

Controller: Data Name

|Compare{

12/19/2014 10:17:36 Al 12/19/2014 1(17:36 Al ¥ MJ501

12/16/2014 %:36:49 AM 12/16/2014 %3645 AM

Built-in EtherNet/IP Por 1/7/2015 11:0

¥ Motion Control Setup
Axis Settings
Axes Group Settings
Cam Data Settings
Event Settings
Task Settings
¥ POUs
¥ Programs
¥ PositionControl
Variables
StateTransition
InitialOperation
MainCperation
¥ Functions
¥ InPasition
Wariables

12/16/2014 5%:36:

11/20/2013

12/16/2014 &3

12/16/2014

11/20/2015 o:!

11/20/2013

12/19/2014 10:17:37 Al 12/19/2014 10:17:37 Al
12/16/2014 30 AM 12/16/2014 9:36:30 AM
12/16/2014 9:36:31 AM 12/16/2014 9:36:31 AM
12/16/2014 32 AM 12/16/2014 9:36:32 AM
12/16/2014 %3631 AM 12/16/2014 %3631 AM
11/20/2013 42 AM|11/20/2013 9:51:42 AM
12/19/2014 10:17:37 Al 12/19/2014 10:17:37 Al
12/16/2014 9:36:30 AM 12/16/2014 9:36:30 AM

¥ EtherCAT

¥ CPU/Expansicn Radl
¥ CPU Rack
Units

¥ Controller Setup
Operation Settings
Built-in Etherhet/IP Por

¥ Motion Control Setup
Axis Settings
Axes Group Settings

Cam Data i

¥ Programs
¥ PositionControl
Variables
StateTransition
InitialOperation
MainOperation
¥ Functions
¥ [nPasition
Variables

|
|
|
i
L]
L1
L]
Ll
|
L
|
i
L1
i
L]
L1
|
Ll
L
|
i
L1
U
U

Legend: | Synchronized

‘Clear the present values of variables with Retain attribute (Valid for Transfer to Controller).
Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.
Do not transfer the following. {All items are not transferred.)
eries Special Unit parameters and EtherCAT slave backup parameters.
e Terminal Unit operation settings and NX Unit application data.
Do not transfer the EtherMet/IP connection settings (built-in port and Unit).

Transfer To Controller  Transfer From Controller

Click the E Button in the Controller Status Pane.

Ed
192.168.25C01
RUN mode

ONLINE
ERRfALM

Confirm that Synchronized is displayed in the detailed view of controller status.

Controller Status

¥ Controller Status Details (new_Controller_0)
& RIIN mnda
Synchronized

Normal communications
No Controller error
No user-defined error
IP address
Subnet mask
Operation authority
Primary periodic task execution time
Primary period 1000.000 us
EtherNet/IP Tag Data Link One or more connections are stopped, or no connection setting.
EtherCAT Process Data Communications Communicating
Serial ID RO1-29713-4218
Variable in Forced Refreshing None

W List of Controllers Connected Online

162.168.250.1
255.255.255.0
Unused
282.560 us

IP address r-defined emor ||

No user-defined errc

Controller error |
No Controller error

CPU Unit name
new_Controller_0

| Communications | Operating mode |
192.168.250.1 Mormal commun RUN mode




Open the Simulink model file that you used in 3.2.9. Debugging by Simulation or the
separately provided the Sample File No. 6 SILSDemoMC.mdI on the Simulink.

BT ~lal=
Fhe fdt vew Displey Dagram Jeuleton Analyss Code fooks fep
-8 ek SRR O RO 7 R ) - p— (022
| il d el = ——i

& ||PajsnsDemaME -
@
4]
=
]
=i

Treaater )

o o T et R R T

srracs - o t
Con (erat P[] Syrmac 5 Cuudcn.
T W Auis00. At Frog. Sonieaer S o T end N Rt 00T At P [ren
At A v o] M s 000 .
(s Mucdine
e Charh chav Iotartars. rmmlmm1 ot Tra [N] =]
Syunec|0 Cuvn it

I
H
W
i i ol

Double-click the Sysmac Controller Interface block. The setting dialog box for

exchanging the data between Simulink and Sysmac Studio is displayed.

T aioix|
Cormetontege EDTEREE Sesies e i -

o | o | oo |

Select Controller for the connection target to get the Controller data.
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e
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Q| Because the In list is not used, delete the variable in the list.

Select MC_ Axis000.Act.Pos and click the Delete Button.
[Esrme comrbor b ST

Corcesontint (TN fevsics s

toise | ox | cwed |

10| In order to pass the actual current position and actual current velocity of the NJ-series
CPU Unit to the Simulink, select MC_Axis000.Act.Pos and MC_Axis000.Act.Vel from
the list of variables in the Sysmac Studio project and click the Register Button for the

Out list.

Desronon TR Bl viaS e 7 e i ot 658 e ey
Sriee Shatita S 19 e Ot 4 =

11 | Click the OK Button to close the dialog box.

Oerster 4 of vt © e Syavid St proiedt § Eiciayed
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12

Connect the output signal lines from the Sysmac Controller Interface block to the Scope
block. By keeping MC_Axis000.Cmd.Vel connected with the Sysmac 10 Device block,
the value of the MC_Axis000.Cmd.Vel of the NJ-series CPU Unit is used in the

¥ RMCDemoMC =10l x|
File | Edt View Display Diagram Simulation Analyss Code Tools Help
- Ee@-F-edOb - B w9~
RMCDemovC |
® |[*a|rMcoemaric » -
=3
=
[T——
Contrder  QommendPosition Mixdes of coeration (TPt D b
= Censtant ot - Teraus demend [K]
5 Cimi Fos
s M s 0 il [—— 2
Contrdler J Grend Fgte Transition! REED-IABL-ECT P
et AdeomactPos imed vl ] WD Auds 000 i ] —
ine
ey | | it actual welocity [rAmin] ActTa K
T Terminatcel
Sremae Gonteler Interface
(@
»
Ready [58% odeds

13

Select Run from the Simulation Menu of the Simulink.

" 4 RMCDemoMC

File Edit View Display Diagram | Simulation Analysis Code Tools Help
e} >

RMCDemoMC |

(]

Bl E N E e

= & Update Diagram
E {8 Model Configuration Parameters

Ctrl+D
Ctrl4E

Mode

[Pa|rMcDemomc »

Data Display

Stateflow Animation

6g@ Enable Fast Restart

Step back (uninitislized)

Oler i,
>

Step Forward
Stop

Cirl45h

T

Output

3

@‘ Stepping Options
Debug

14

Click the Yes Button in the Sysmac Controller Interface Dialog Box.
The value of the Kp workspace variable of the MATLAB (10 in the Sample File No. 9) is
written to the Kp variable of the Controller.

Sysmac Controller Interface

The present values of the Controller's variables registered in the
Parameter list of the Sysmac Controller Interface blodk will be
changed to the values of the workspace variables of MATLAB. Do

1Y

you want to change the values?

=
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15

Press the Power ON Button on the physical Programmable Terminal.
The Servo is turned ON and the Ready Lamp is lit.

Ready Houme Run Done

16

Press the Home Button on the physical Programmable Terminal.
The axis is returned to the home.

Command Velocity -

17

Press the Start Button on the physical Programmable Terminal.

The axis starts moving to the Target Position and the Run Lamp is lit.
The Actual Position value and Command Velocity value change.
When the movement is completed, the Done Lamp is lit.




18| Check the simulation results (Scope) of the Simulink.

You can confirm that you got the similar results as the waveform shown in 1.2. The

Servo System Constructed in this Guide and 2.2. Designing the Control Algorithm.

Scope

R EETEOEE

19| Use the following procedure to stop the simulation (i.e. monitoring on the Simulink).

Select Stop from the Simulation Menu of the Simulink.

" & RMCDemoMC *

File Edit View Display Diagram | Simulation Analysis Code Tools Help

Pl - [ & Update Diagram crl+D
E € Model Configuration Parameters Ctrl4E

RMCDemaMC |

Mode -

@ |[*a|rMCDemoMC » Data Display v
tatefioy El v
Q _
Fas
= (1) Pause Crl+T
Step Forward
D Step Forwe
B _ m |
Cutput b
Stepping Options
Debug 4
T =T

@ Additional Information

Refer to the Sample File No. 7 RMCDemoMC.mdl for the Simulink model created
above.
Perform either of the following operations to change the value of the MATLAB
workspace variable to adjust the parameter.

<~ Set the Retain attribute for the variable on the Sysmac Studio in advance.

< After the adjustment, change the initial value of the variable to the new value

on the Sysmac Studio and send the data to the Controller again.

The present values of non-retained variables will change to their initial values when
the power supply to the CPU Unit is turned ON, when the operation mode is
changed, and after data download from the Sysmac Studio.

55




4. Appendix

I 4.1. Programming in Ladder Diagram Language

To call a function block from a program written in the ladder diagram language, the function
block must have at least one BOOL input variable and one BOOL output variable.
This section describes the procedure for adding boolean signals to the block on the Simulink.

@ Additional Information

You also can add BOOL variables on the Sysmac Studio after importing the code without
changing the block on the Simulink.

1 | Add boolean signals to the Controller block on the Simulink.

* . PLCCoderDemoMC_LD o =] 34

File Edit Wiew Display Diagram Simulation Analysis Code Tools Help

i == " —~ -
Erle - ¢ EE8-E 40P |0~ Normal 0 9-
PLCCoderDematiC_LD |
® |[Pa/PLCCoderDemaMc_LD b A
3 True =
= [
Fals= ;
Manual Switch
100 TargetPostion
Commandvelocity  ActualPosition
TargetPosition
Contraller
ControlledSystem
ActualPosition
&2 PLOCnderDematC_LD) Contralice = (=[5
Ready Flo Ed Yiew Disgley Ciogram Simubation Anshss Code Took Heb - ~ oded g
%
- &B-#< Citc Ad=1EHCHNERIOR S Ca—— T — O -
Cortreter |
& | FalPLCCum DoaC_LD b (%3] Corkratler B -
N D
Ed|  secendie l
= n
- M Tt Postion Ermbisut » 1)
ol e Ensblecut
alusition
&>’ e : "D
AdsaFosbon Y= Cormmandvalocity

»
Ready' el
¥, PLLLodestemoML_LD/Contraller/ Sabsystem =10l
Flo Gdt Vew Deplay Dagram Smustion Analyss Code Toos el )
-l e ¢ B8-E 40R - |©-F R 3 9
susymen |
& |[FRlPucCoderDenotc LD B [BaiControber b BalSubsystem b i
@
a| ([ 2
Enabie EnableCun
=
=]
@ TArGELP GaRinn oM MNP Saan e Ty
Tagetositon Commandvekuty
AT [— Contrnandelosity
PresitonControlir
AchuaPostion
»
Ry AT e
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2| When the code is imported to the Sysmac Studio, the BOOL variables are added as
shown below.

Controller

Variables
MNamespace - Using
Intemnals Name I In/Out Data Type I

sshMethadType Input SINT 1
StepEnable Input EOOL l
TargetPosition Input LREAL r
ActualPosition Input LREAL i
EnableQut Qutput BOOL |
CommandVelocity |Output LREAL |

3| The program to call the function block is written in the ladder diagram language as
shown below.

Section0 - PositionControl X

3 Pwr_Status MOVE MOVE execute_Smv
P En N
1/} ENO END
MC_AxisD0D. Details Homed LREALE#0.0—In  Out|—Smv_Vel BOOL#0—In  Ourf—Smv_Ex
—
4 nesd_init  end_init
——
5 i Controller
Controller
SINT#0— ssMethodType EnableOut]
& ity f—Smv_vel
TargetPosition— TargstPosition
MC_Axiz000-Act Pos— ActualPesition

& MOVE |
EM ENO

BOOL#0—In  OQut[—nesd_jnit

7 nd init
i_Contraller
Controller
SINT#1— ssMethodType EnableOut]
& ity f—Smv_vel

TargetPosition— TargstPosition

MC_Axiz000.Act Pos—] ActualPosition

8 MOVE |
EN ENO

BOOL#1—In  Out[—Smu_Ex

g Execute Smv
Smv
MC_SynchMoveVelocity
MC_AxisD00— Axis _ Aodis|—MC_AxisD00
Smv_Ex Sewin
| | Execute InVelocity
Smw_Vel— Velocity Busy|—Smu_Bsy

—{CmdPosMode Active[—Smv_Act

ioble—| BufferMode  CommandAborted [—5mv_Ca
Errorf—Smv_Emr

ErrorD f—Smu_EnID

@ Additional Information

Refer to the Sample File No. 8 PLCCoderDemoMC_LD.mdl that is provided separately
for the Simulink model used in this section.

Refer to the Sample File No. 9 PLCCoderDemoMC_LD.smc2 that is provided separately
for the program used in this section.
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I 4.2. Sysmac IO Device Support Models and Simulation Target Functions
The following models can be selected for Sysmac 10 Device.

No. Category Target Model

1 Servo Drive AC Servo Drives [G5-series Servo Drives with EtherCAT | R88D-KNI-ECT
communications]
AC Servo Drives [G5-series Linear Servo Drives with R88D-KNLI-ECT-L
EtherCAT communications]

2 Servo Drive AC Servo Drives [1S-series Servo Drives with EtherCAT | R88D-1SNI-ECT
communications]

3 Analog Input GX-series EtherCAT Remote I/0O Terminal GX-AD0471
NX-series EtherCAT Slave Terminals NX-ADOOOO

4 Analog Output GX-series EtherCAT Remote I/0O Terminal GX-DA0271
NX-series EtherCAT Slave Terminals NX-DAOOOO

(1) Simulation Target Functions of Servo Drives (G5-series)

The control mode is switched between position control mode and velocity control mode by specifying
8: Cyclic synchronous position mode (csp) or 9: Cyclic synchronous velocity mode (csv) in the Modes
of operation input to the Sysmac 10 Device block.

Torque control mode and control mode change during simulation are not supported.

Function No. Name

Smoothing filter
Pn222 Position Command Filter Time Constant
(first-order lag filter)

Damping Filter Selection (Only “0” is supported. Even if other value is

Pn213
set, it operates as if “0” is set.)
Pn214 Damping Frequency 1
Damping control
Pn215 Damping Filter 1 Setting
Pn216 Damping Frequency 2
Pn217 Damping Filter 2 Setting
Pn110 Speed Feed-forward Gain
Speed Feed-forward
Pn111 Speed Feed-forward Command Filter
Pn114 Gain Switching Input Operation Mode Selection

Gain switching
Switching Mode in Position Control (Only “0”, “1”, and “4” are supported.
(Only “Always gain 1" and | Pn115
If other value is set, it operates as if “0: Always gain 1” is set.)

“Always gain 2” are
Switching Mode in Speed Control (Only “0” and “1” are supported. If

supported.) Pn120
other value is set, it operates as if “0: Always gain 1” is set.)
Pn100 Position Loop Gain 1
Position control
Pn105 Position Loop Gain 2
Pn101 Speed Loop Gain 1
Pn106 Speed Loop Gain 2
Speed control Pn102 Speed Loop Integral Time Constant 1
Pn107 Speed Loop Integral Time Constant 2
Pn004 Inertia Ratio

58



Function No. Name
Pn201 Notch 1 Frequency Setting
Pn202 Notch 1 Width Setting
Pn203 Notch 1 Depth Setting
Pn204 Notch 2 Frequency Setting
Pn205 Notch 2 Width Setting
Notch filter Pn206 Notch 2 Depth Setting
Pn207 Notch 3 Frequency Setting
Pn208 Notch 3 Width Setting
Pn209 Notch 3 Depth Setting
Pn210 Notch 4 Frequency Setting
Pn211 Notch 4 Width Setting
Pn212 Notch 4 Depth Setting
Pn104 Torque (Force) Command Filter Time Constant 1
Torque (Force) filter
Pn109 Torque (Force) Command Filter Time Constant 2
Pn753 External Torque (Force) Limit 1 (PDO: 3013 hex)
Torque (Force) limit Pn754 External Torque (Force) Limit 2 (PDO: 3522 hex)
Axis setting | Positive Torque Limit (PDO: 60E0 hex)
Axis setting | Negative Torque Limit (PDO: 60E1 hex)
Axis setting | Command pulse count per motor rotation
Unit conversion settings Axis setting | Work travel distance per motor rotation
Axis setting | Unit of display
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(2) Simulation Target Functions of Servo Drives (1S-series)

The control mode is switched between position control mode, velocity control mode, and torque
control mode by specifying 8: Cyclic synchronous position mode (csp), 9: Cyclic synchronous velocity
mode (csv), or 10: Cyclic synchronous torque mode (cst) in the Modes of operation input to the
Sysmac IO Device block.

Torque control mode and control mode change during simulation are not supported.

Function oD Name
Basic Functions 3000.03 Control Method Selection
Machine 3001.01 Inertia Ratio
3011.01 FIR Filter Enable
Position Command Filter 3011.02 FIR Filter Moving Average Time
3011.03 IIR Filter Enable
3011.04 IIR Filter Cutoff Frequency
3012.01 Damping Filter 1 Selection

Damping Control
3012.02 Damping Filter 2 Selection

3013.01 1st Frequency

3013.02 1st Damping Time Coefficient
3013.03 2nd Frequency

3013.04 2nd Damping Time Coefficient
3013.05 3rd Frequency

3013.06 3rd Damping Time Coefficient
3013.07 4th Frequency

3013.08 4th Damping Time Coefficient
3014.01 1st Frequency

3014.02 1st Damping Time Coefficient
3014.03 2nd Frequency

3014.04 2nd Damping Time Coefficient
3014.05 3rd Frequency

3014.06 3rd Damping Time Coefficient
3014.07 4th Frequency

3014.08 4th Damping Time Coefficient
3021.03 IIR Filter Enable

3021.04 Filter Cutoff Frequency

Damping Filter 1

Damping Filter 2

Velocity Command Filter

Velocity Limit in Torque Control 3031.01 Velocity Limit Value
3112.01 Gain
ODF Velocity Feed-forward 3112.02 LPF Enable

3112.03 LPF Cutoff Frequency
3113.01 Gain

ODF Torque Feed-forward 3113.02 LPF Enable

3113.03 LPF Cutoff Frequency
3120.01 Command Following Gain

TDF Position Control 3120.10 Command Following Gain Selection
3120.11 Command Following Gain 2
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Function oD Name
Speed Detection Function 3B60.04 Excessive Speed Detection Level
3121.01 Command Following Gain
TDF Velocity Control 3121.10 Command Following Gain Selection
3121.11 Command Following Gain 2
TDF Velocity Feed-forward 3122.01 Gain
TDF Torque Feed-forward 3123.01 Gain
Mode Selection (Only “0” and “1” are supported. If other
Gain Switching in Position Control 3212.01 value is set, it operates as if “0: Always gain 1” is set.)
1st Position Control Gain 3213.01 Proportional Gain
2nd Position Control Gain 3214.01 Proportional Gain
Mode Selection (Only “0” and “1” are supported. If other
Gain Switching in Velocity Control 3222.01 value is set, it operates as if “0: Always gain 1”7 is set.)
3223.01 Proportional Gain
1st Velocity Control Gain
3223.02 Integral Gain
3224.01 Proportional Gain
2nd Velocity Control Gain
3224.02 Integral Gain
Mode Selection (Only “0” and “1” are supported. If other
Filter Switching in Torque Control 3232.01 value is set, it operates as if “0: Always 1st Filter” is set.)
3233.01 Enable
1st Torque Command Filter
3233.02 Cutoff Frequency
3234.01 Enable
2nd Torque Command Filter
3234.02 Cutoff Frequency
3310.01 Viscous Friction Coefficient
3310.02 Unbalanced Load Compensation
Torque Compensation
3310.03 Positive Dynamic Friction Compensation
3310.04 Negative Dynamic Friction Compensation
3321.01 Enable
3321.02 Frequency
1st Notch Filter
3321.03 Q-value
3321.04 Depth
3322.01 Enable
3322.02 Frequency
2nd Notch Filter
3322.03 Q-value
3322.04 Depth
3323.01 Enable
3323.02 Frequency
3rd Notch Filter
3323.03 Q-value
3323.04 Depth
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Function oD Name
3324.01 Enable
3324.02 Frequency
4th Notch Filter 3324.03 Q-value
3324.04 Depth
3330.01 Switching Selection (Only “0” is supported. Even if other
value is set, it operates as if “0” is set.)
Torque Limit 3330.02 Max Torque
Axis setting | Positive Torque Limit (PDO: 60E0 hex)
Axis setting | Negative Torque Limit (PDO: 60E1 hex)
Axis setting | Command pulse count per motor rotation
Unit conversion settings Axis setting | Work travel distance per motor rotation
Axis setting | Unit of display

(3) Simulation Target Functions of Analog Input
® GX-series EtherCAT Remote I/O Terminal

Function

Index

Name

Available channel

0x3100:00

Analog Input Available Channel Choice

Range

0x3101:01-04

Analog Input Range

Moving average

0x3132:01-04

Analog Input Moving Average

® NX-series EtherCAT Slave Terminals

Function

Index

Name

Available channel

0x5002:01-08

Ch1-8 Enabled/Disabled

Range

0x5003:01-08

Ch1-8 Range Setting

Moving average

0x5004:01-08

Ch1-8 Input Moving Average Time

(4) Simulation Target Functions of Analog Output
® GX-series EtherCAT Remote I/O Terminal

Function

Index

Name

Available channel

0x3200:00

Analog Output Available Channel Choice

Range

0x3201:01-02

Analog Output Range

® NX-series EtherCAT Slave Terminal

Function

Index

Name

Available channel

0x5010:01-04

Ch1-4 Enabled/Disabled

Range

0x5011:01-04

Ch1-4 Range Setting
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