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Introduction

The NJ-series 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 NJ-series CPU Unit 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 NJ-series CPU Unit.

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 NJ-series CPU Units

» Knowledge of operation procedure of Sysmac Studio

I Applicable Products
This guide covers the following products.
¢ CPU Units of NJ-series Machine Automation Controllers
* 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.

IE' 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 CPU Units of NJ-series Machine Automation Controllers

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. 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-series CPU Units and 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-series Controllers. Use these manuals for reference.

Manual name Cat. No. Model numbers Application Description
Sysmac Studio Version 1 W504 SYSMAC-SE20oo Learning about the operating The operating procedures of the Sysmac
Operation Manual procedures and functions of the Studio are described.
Sysmac Studio.
NJ-series CPU Unit Hardware W500 NJ501-0o00 Learning the basic specifications An introduction to the entire NJ-series
User’s Manual NJ301-oooo of the NJ-series CPU Units, system is provided along with the following
including introductory information, | information on a Controller built with an
designing, installation, and NJ501 CPU Unit.
maintenance. Features and system configuration
Mainly hardware information is -Introduction -Part names and functions
provided. -General specifications -Installation and
wiring
*Maintenance and inspection
Use this manual together with the
NJ-series CPU Unit Software User's
Manual (Cat. No. W501).
NJ-series CPU Unit Software w501 NJ501-0o0o0 Learning how to program The following information is provided on a
User’s Manual NJ301-oooo and set up an NJ-series CPU Unit. | Controller built with an NJ-series CPU Unit.
Mainly software information is *CPU Unit operation
provided. -CPU Unit features
+Initial settings
*Programming based on IEC 61131-3
language specifications
Use this manual together with the
NJ-series CPU Unit Hardware User’s
Manual (Cat. No.W500).
NJ-series CPU Unit Motion W507 NJ501-0o0o0 Learning about motion control The settings and operation of the CPU Unit
Control USER'S MANUAL NJ301-oooo settings and programming and programming concepts for motion

concepts.

control are described. Use this manual
together with the NJ-series CPU Unit
Hardware User's Manual (Cat. No. W500)
and NJ-series CPU Unit Software User's

Manual (Cat. No. W501).




Manual name

Cat. No.

Model numbers

Application

Description

NJ-series Instructions

Reference Manual

W502

NJ501-oooo

NJ301-oooo

Learning detailed specifications
on the basic instructions of an

NJ-series CPU Unit.

The instructions in the instruction set
(IEC61131-3 specifications) are
described. When programming, use this
manual together with the NJ-series CPU
Unit Hardware User’s Manual (Cat. No.
W500) and NJ-series CPU Unit Software

User's Manual (Cat. No. W501).

NJ-series Motion Control

Instructions Reference

Manual

W508

NJ501-oooo

NJ301-oooo

Learning about the specifications
of the motion control instructions

that are provided by OMRON.

The motion control instructions are
described.

When programming, use this manual
together with the NJ-series CPU Unit
Hardware User’s Manual (Cat. No.
W500), NJ-series CPU Unit Software
User’s Manual (Cat. No. W501) and
NJ-series CPU Unit Motion Control

User's Manual (Cat. No. W507).

NJ-series Troubleshooting

Manual

W503

NJ501-oooo

NJ301-oooo

Learning about the errors that
may be detected in an NJ-series

Controller.

Concepts on managing errors that may
be detected in an NJ-series Controller
and information on individual errors are
described.

Use this manual together with the
NJ-series CPU Unit Hardware User’s
Manual (Cat. No.W500) and NJ-series
CPU Unit Software User’s Manual (Cat.

No. W501).

AC Servomotors/Servo Drives
(Built-in EtherCAT
Communications) User's

Manual

1576

R88D-KNo-ECT/

R88M-K

Learning detailed specifications

of a G5-series Servo Drive.

This manual explains how to install and
wire the G5 Series Servo Drive, set
parameters needed to operate the G5
Series Servo Drive, and remedies to be
taken and inspection methods to be used

in case that problems occur.

AC Servomotors/Servo Drives
EtherCAT Communications
Linear Motor Type User's

Manual

1577

R88D-KNo-ECT-L/R88L-EC

Learning detailed specifications

of a G5-series Servo Drive.

This manual explains how to install and
wire the G5 Series Servo Drive, set
parameters needed to operate the G5
Series Servo Drive, and remedies to be
taken and inspection methods to be used

in case that problems occur.

EtherCAT Slave Units User's

Manual

w488

GX-ooooooo

Learning detailed specifications
of a GX-series EtherCAT Slave

Unit.

This manual contains information you
need to know to use the GX-series

EtherCAT Slave Unit.




Manual name

Cat. No.

Model numbers

Application

Description

NS-series Programmable

Terminals Setup Manual

V072

NS15/NS12/NS10/NS8/NS5

Learning detailed specifications

of NS-series.

This manual describes installation and
connection procedures, general
specifications, and other hardware
information for NS-series PTs.

Use this manual together with the NS5,
NS8, NS10, NS12, NS15 Programmable
Terminals Programming Manual (Cat.

No. V073).

NS-Series Programmable
Terminals Programming

Manual

V073

NS15/NS12/NS10/NS8/NS5

Learning about the operation of

the PT or the setting methods.

This manual describes using NS-series
PT functions and application methods. It
also provides troubleshooting methods in
the event that problems occur with the

PT.

CX-Designer User’s Manual

V099

NS-CXDC1-V3

Learning about the functions and

performance of the CX-Designer.

The CX-Designer is software to create
screen data for NS-series Programmable
Terminals (PTs). This manual describes
how to install the CX-Designer and the
user interface. It also describes
characteristic functions and application

methods.




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-E1-02

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.
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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.

NS8-TV01-V2

USB cable Programmable Terminal

EtherNet/IP communications

cable
EtherCAT communications - R88D-KNO1L-ECT
cable I:I Servo Drive

|:| Node Address 1 (Axis 0)

R88M-K10030T

Servomotor

11
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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

NJ501-1500 (Unit version 1.07)

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

NS8-TV01-V2

NS-Series Programmable
Terminals Programming Manual
(Cat. No. V073)

AC Servo Drives

R88D-KNO1L-ECT (version 2.10)

AC Servomotors

R88M-K10030L

Motor Power Cables
(for the AC Servo Drives)

R88A-CAKAQ003S

Encoder Cables
(for the AC Servo Drives)

R88A-CRKAQ003C

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 1.09
OMRON Corporation CX-Designer Version 3.54
The MathWorks Inc. MATLAB/Simulink R2013b
The MathWorks Inc. Simulink PLC Coder R2013b




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/s?

» Time

The mechanical configuration is as shown below.

Servomotor
Rated speed: 3,000 r/min
Command pulse count per motor rotation:

20 bits = 1,048,576 10 mm Ball screw 1 rotation

|—|I Ball screw pitch: 10 mm

13



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.

@ Additional Information

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

@ Additional Information

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 performing the SILS (Software In the Loop
Simulation) using 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.)

) HATLAB R2013b = =10l x|

{5 BT A B B P & ] f“}::\:.:" llij:\::: &8 (& (G premrences W1 3;::::““

o e M o B O O AR AL 11 1 L ) O

:‘1___.]_‘;:‘__‘_“_’*_0“1'16.«“_;] * W:{”L;Iw‘ll Sysmac Shudo b M‘l'-LAL' 13 - — — . — = : i~ )-'.

P ;:-::“mwmm | :::-p-c: = [ é:

@ b we §
Bscnn :

[|L |
Ready g
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2 | Right-click Setup.p and select Run from the menu.

J MATLAE R2013b

.,\_,m % e -ﬂ= E.-,] {5 Preferences \;"J &
{5 Open Varatie = L Ren saa Tme 0 s 7% Reguest Support
Wiorkspace |- Clewr Workspece = | CenrConmands v Loary v =2 ¥ L Aeen v

VARIABLE _ 0 cooe  [swumki oweower | Resoueces |

*|p
Command Window @ || warkspaer wle
Mame L [ el i
3
2
Delete.
S
Compare Aganst 13
Suis L Corllrid *
Cut ey
Cooy Cuhe
[
 Indeatr Fies Not on Path
Setup.p (Poode ¥.
N detsin avaiable
. | sl
Ready

Confirm that Sysmac Studio interface setup has been completed successfully is
displayed in the Command Window.

J MATLAB R2013b

b - T B =
B S | L Fna Fies &.. mr ”m gmmm &8 E—,] ) preterences W1/ Ez
Mew  Mew  Open || |compare iwort ¢ "‘3 Siemibeh  Layoul | Set Paih Hele —
seret = 20 | Dik Mroditeds @Mmm &= ‘:ﬂ:meu:wu -..‘_uﬂt_y R = Qm-

FUE == === VARUBLE = cooe IE VT T B — T —
5 M (2] Gl | kv oooo» Programdes (ES) b OMRON b SysmacStuda & MATLAD b

g
Command Window ) || warkspace = o
Sysmae Scudin incerface secup has been eomplened suesesafully Mame L |W i
f 3s :
Setup.p (Pcode ¥.
No detals avalable
. | 3
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I 2.2. Designing the Control Algorithm

16

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.

@ Additional Information

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 -0l x|
File Edit View Display Disgram Smulation Analysis Code Tools Help
i = - ‘el 3
e~ H R M= C N SICNIOR Y e foma x| (@~
PLCCoderDemaMC |
® |[*alPLccaderDemomc b -
3
=
=
ActuaslPosition Commandyelocity P Commandielocity ActualPosition —
CmdVel ActualPosition
Controller ControlledSystem
»
Ready [175% oded5




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.

PLCCoderDemoMC/Controller

- O x|
Eile Edit View Display Diagram 5 tion  Analysis  Code Tools Help
hrE e ¢ #eB I AOP - |o-F Era—c O
Controller |
[a|FLCCoderDemoMC b [Pa|Controller b A
Ed
=+
=l
Targetfos Tarest Position CommardPosition CommandPosition
CammandVelocity }
TarzetPes CorrerardPcsit briGererster Oarnmandyelocity
PresitionController
1 !
ActualPosition
ActualPosition
»
Ready [129% odeds 7
You will get the simulation execution results as shown below.
J Viewer: Scope (TargetPosition, GommandPosition, ActualPosition, CommandVelocity) —10] x|
EEEEEEEE R

TareetPosition
CommandPosition
ActualPosition

mmandelocity
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3. Setting up the System

I 3.1. System Setup Procedures

18

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

3.21

3.2.2

3.2.3

3.24

3.2.8

3.2.9

3.2.10

Outputting the Code using the Simulink PLC  You make a setting for outputting the code for the

Coder
v
Importing the Code into the Sysmac Studio

v

Checking the Calculation Accuracy

v
Creating the EtherCAT Network

Configuration

v
Setting the Axis

v

Creating Programs

v

Creating the Programming Terminal Screen

v
Preparing the SILS (Software In the Loop

Simulation)
v

Debugging by Simulation

v
Transferring the Programs to the CPU Unit

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 create a Programmable Terminal screen with the

CX-Designer.

You add the Sysmac Controller Interface block to the
Simulink model and make the setting for data

exchange between Simulink and Sysmac Studio.

You debug the programs and screens that you
created by the SILS (Software In the Loop

Simulation).

You transfer the programs and parameter settings to
the physical CPU Unit.



3.2.11

3.2.12

Transferring Screen Data to Programmable
Terminal

v

System Operation Check

You transfer the screen data created with the

CX-Designer to the physical Programmable Terminal.
You execute the operation according to the programs

transferred to the physical CPU Unit and check the

operation using the data trace function.
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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.

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

Code Menu.
inixd
File Edit View Display Diagram Simulation Analysis | Code Tools Help
i =] Check Subsystem Compatibili
-8 <« g & -E- Y patbity v
Data Objects  * Generate Code for Subsystem
PLCCoderDemoMC | — 3 L
Automatic Impertrot supported for: the selected Terget IDE
[a|PLcCoderDemoMc b A
Navigate to Code
a Eaa—re—
Ed
=
ActualPosition Commandyelocity P Commandyelocity ActualPosition —
CmdWel ActualPosition
Controller ControlledSystem
»
Ready [176% odess

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

{3 Configuration Parameters: PLCCoderDemoMC/Configuration5 (Active) x|
Select: i—General option =
|~ Solver ITarget IDE
i Data Import/Export
Optimization Target IDE Path |
Diagnostics X
i Hardware Implementation Code Output Directory IP'CS"C

-~ Model Referencing r
Simulation Target Generate testbench for subsystem Generate code...

[ PLC Code Generation
- Comments
- Optimization
i Symbols
i Report

|

Q o | concel | mew | apoy |

20



Select the Generate testbench for subsystem check box.

Click the Apply Button.

Click the Generate Code Button.
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"/ | The PLCCoderDemoMC.xml file is saved into the plcsrc folder specified in Code Output
Directory.
{& Configuration Parameters: PLCCoderDemoMC/Configuration5 (Active) x|
| General options =
Target IDE |OMRON Sysmac studio =l
Target IDE Path |
Code Output Directory | plesre
i~ Model Referencing - " _—
#- Simulation Target I for Generate code...
[=-PLC Code Generation
i G 1t
| Gptmicaton 0/
i symbols View Font Size
" Report |Message |Sourr:e |P.epo(bed EylSummary |
@ PLCCoderlog PLCCoderDemoMC PLC Coder  PLC code generation successful for PL...
) PLCCoderDemoMC
PLC code generation successful for 'PLCCoderDemoMC/Controller’.
Generated files:
lcsrePLCCoderDemoMC . xml
Qpen Help Close
A
&
9 ’TI Cancel Help | Apply |

@ 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.

@ 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: NJ501-1500
Version: 1.07

E% Offline

| & INew Project

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

new Controller 0 I
p Configurations and Setup
¥ Programming

¥ i POUs
¥ = Programs

¥ Program0

Rename

Sequrity
Properties

Settings For Debugging »

23
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Select Import ST Program from the Tools Menu.

3] PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

| HE Backup r
Export Global Variables b
Comments for \:’larjatl:lles qru:l Data Types ¢
Import ST Progrom... [\
Option...

PLCCoderDemoMC

new Controller 0 ¥

4

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

=
KB )| - comut « taclbk ) « g @i E

Organze *  Mew folder = x 1@

W Favontes
B Ceskten
8 Cowriosds
Al Recentiisces
4 Linaries
*| Documents
o Music
) Pctures.
B vdeos
T Computer
&, Local sk 03

s Dt (0c)

[ pr—

File pames [PLCCadrDemahdC.smi =] [ prorem tormat amty 7]

cned_|
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.

Fi

PLCCoderDemoMC

new_Controller 0 v

p Configurations and Setup
¥ 8 POUs
¥ & Programs
B MainTB
¥ Functions
‘¥ @) Function Blocks
B} TestBench
B Controller
B CommandPositionGenerator
B PositionController
» B2 Data
P A Tasks

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.

Checking the Calculation Accuracy

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

1

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

new Controller 0 v

¥ Configurations and Setup
% EtherCAT
P =7 CPU/Expansion Racks

& LJO Map

P J Controller Setup

P {3} Motion Control Setup
& Cam Data Settings
|™ Event Settings

B | W Task Settings k

FH Data Trace Sethrtgs

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.

‘\ Configurations and Setup
Task Settings X

7/
| e P e S T I e~ | smperoa e~ |08 N
O

Select the MainTB program in the Program Assignment Settings View.

9, Configurations and Setup 4. |

Select Run from the Simulation Menu of the Sysmac Studio.

File Edit View Insert Project Controller Simulation Tools Help

i Run in PROGRAM mode Alt+F5
PLCCoderDemoMC
Step Execution F10
new_Controller 0 ¥ Step In F11
¥ Configurations and Setup Continuous Step Execution
herCAT Exacute One Scan
P = CPU/Expansion Racks
-
SEOLIES Breakpoint Window Blt+Fg
p 3 Controller Setup
P i} Motion Control Setup
& Cam Data Settings
Calibration

|* Event Settings
Run in Execution Time Estimation Mode

FH Data Trace Settings

¥ Programming Start NS Integrated Simulation
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Double-click TestBench in the Multiview Explorer to display the program.

new_Controlier 0 v

» Configurations and Setup
¥ Programming
¥ & POUs

¥ & Programs
B MainTB

¥ Functions

W T, Function Blocks
B Controller
B CommandPositionGenerator
B PositionController
P = Data
P FA Tasks

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

Bl Programming — Qa

testVerify | p True := BOOLHTRUE;
testCycleNum | p 3001 = BINT#H0;

END_IF;

1
2
3
4|-IIF need _init THEN
5
6
7
8

11-IIF testVerify | p True |THEN

13{-1 IF testCycleNum |p 3001 < DINT#3001 THEN

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.

@ Additional Information

The initial value of the acceptable error depends on the data type as shown below. Set
an appropriate value according to the actual application.

m Integer data: 0 (Match)

IF testVerify AND {out_Outl <> cycle_Outl) THEN

testVerify 1= BOOL#FALSE;
EMND_IF;

m REAL data: 0.0001

IF testVerify AND (ABS{out_Outl - cycle_Outl) > REAL#0.0001) THEM
testVerify .= BOOL#FALSE
EMD_IF;

m LREAL data: 1.0E-5

IF testVerify AND (ABS{out_Outl - cycle_Outl) > LREAL#1.0E-5) THENM
testVerify .= BOOL#FALSE
EMD_IF:




3.2.4. Creating the EtherCAT Network Configuration
You register a R88D-KNO1L-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.

new Controller 0 III

¥ Configurations and Setup

P =5 CPU/Expant®n Racks
& IfO Map

p @ Controller Setup

P £ Motion Control Setup
¢~ Cam Data Settings
| Event Settings
I, Task Settings
FH Data Trace Settings

2 | Drag the R88D-KNO1L-ECT from the Toolbox to the master.
The Servo Drive is added under the master with a node address of 1.

7] PLECoste el - meve_Cond roller_0 - Sysmis: Studio

- ') = ‘oolbao.
BRI -\, Configurations and Setup .I\n vendons ¥
ke [ Eonerca” x| ————
= ode Address| el k config -
¥ Configurations and Setup = l. Master -
- 0

[ _'_I REACHENALL-ECT Aevid.d

|§ 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 I/O 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.smc2 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.

new_Controller 0 v

W 75 EtherCAT
P (=) Nodel : RESD-KNO
P =7 CPU/Expansion Racks
«* /O Map
» [ Controller Setup
¥ {3t Motion Control Setup
| I )
Add ]

Axis Settings

Axis Setting Table

o) EME 1G0T ISR Y

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

new_Controller_0

W o EtherCAT
P [©) Model : REED-KMO1L-ECT (E0OC
P =5 OPU/Expansion Racks

«* 1fO Map

» @ Controller Setup
¥ &% Motion Control Setup
¥ % Axis Settings
£} Axes Group Settings k

¢ Cam Data Settings

* Event Settings

I, Task Settings

F# Data Trace Settings

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-KNO1L-ETC(EO01)

<, Configurations and Setup

_MC_AxisOOO 0 x =

s number
Axis use Used axis v
Axis type Servo axis v
Feedback control No confrolloop v
v

Input device 1 <Mot assigned=
m Input device 2 <Mot assigned>
Input device 3 <Mot assigned=
Output device 1
Output device 2 <Mot assigned> v
Output device 3 <Mot assigned> A

» Detailed Settings




Make the Unit Conversion Settings according to the mechanical configuration.
Unit of display: mm
Command pulse count per motor rotation: 1048576 pulse/rev
Work travel distance per motor rotation: 10 mm/rev

<\, Configurations and Setup
_Mc_Axrsooo @ x -

m

) HHH
[ITITTT) Command pulse count per motor rotation 1048575 [T EN
|+| |+| Work travel distance per motor rotation hi} mm/rav

~Reference: Unit conversion formula

Unit of display @ pulse QO mm @ um @ nm @ degree @ inch

L1131 U U LU I T UL ULGLIE (UL 1)
Number of pulses [pulse] = ———>~w— ==~ "=

' ~ Work travel distance per motor rotation (LREAL) T T N LT G e

Make the Operation Settings according to the mechanical configuration.
Maximum velocity: 500 mm/s
Maximum jog velocity: 50 mm/s

9, Configurations and Setup
_MC_AxisOOO 0) % -

¥ Velocitv/Arceleration/Meceleration

Maximum velocity m mimys Velocity waming value ‘ %

Start velodity mmys

Maximum jog velodty mmyfs
MEXIMUM ACCEISATNON || TS "L Acceleration warning value _ %
Maximum deceleration _ mimys™2 Deceleration warning value _ %

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

¥ Torque

Positive torque warming value [ NN Negative torque warning value | RN -

¥ Monitor

- —— L

Actual velodty filter time constant _ ms Zero position range mm
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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.

new_Controller_0

¥ i POUs
¥ & Programs
B MainTB
¥, Functions
¥ 1 Function Blocks
Edit
Cut asitionGenerator
Copy itroller

|
S oo |

Rename

new_Controller_0

» Configurations and Setup
¥ Frogramming

! ¥ i POUs

1 ¥ = Programs

!
Edit
Cut
Copy

Security

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

7] PLECoste el - meve_Cond roller_0 - Sysmis: Studio

> ¥ e Tookba:
gl B -rcarenming NS er—
_Mm’ cri - PestianConiral X | - o o

¥ Data Movemant

¥ Data Type Comversion
rHS

* Ladder Tooks

» Mih

¥ Mation Control

* Other

» S0 Mesnory Card

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, I/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.

Additional Information

Refer to 4.1. Programming in Ladder Diagram Language for programming in ladder
diagram language.
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=

Additional Information

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.

Assigning the PositionControl program that you created to a task.

3| Double-click Task Settings in the Multiview Explorer to display the Task Settings Tab
Page.
PLCCoderDemoMC
new_Controller_0 v
¥ Configurations and Setup
i EtherCAT
P =5 CPUfExpansion Racks
& LJO Map
¢ R Controller Setup
P & Motion Control Setup
¢ Cam Data Settings
* Event Settings
P [+ Data Trace Settingd
4 | 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.
_TaﬂcSe‘Itings X -
| |  Task Name |Period/Execution Co|Detailed Execution (Task Period Exceede(Task Timeout DetectExedvar
5 N e L -~ | e~ |[smsiPerod tin v |[EH{[E]
500us
< +
5| In the Program Assignment Settings View, select the PositionControl program that you

created.

| %, Configurations and Setup
¥ I PrimaryTask

Program name Initial status
ﬁ 1 [Posi Run




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

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

Fil= Edit View Insert Project Controller  Simulation  Tool

1 Check All Pragrams F
i Check Selected Programs Shift+
Build Controller Fa3
PLCCoderDemoMC Rebuild Controller
new_Controller_0
Memory Usage
¥ Configurations and £ Online Edit 3
F F,"-: EtherCAT Ubraw [
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3.2.7. Creating the Programming Terminal Screen
You create a Programmable Terminal screen with the CX-Designer.

@ Additional Information

Refer to the CX-Designer User’s Manual (Cat. No. V099) or online help of the
CX-Designer for how to use the CX-Designer.

1 | 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

& O(-Designer - SILSDemoM( - [0000:5creen Page0000] -0l x|
Ch Fle Edit Find View PT Functional Objects Fixed Objects Tools Window Help .- 5[
ODES@ DEH B BE hhhRA DRSS 22 & BB XE o -l ety BB SE| xR & m]
TEECRRBEEE 0o~ 4 X e o [ B E = e Fy— -1 © o[ & m o
< | = =i = F|B rlse=s==== = Seumgl

Contents No. |0 3: No. of contents |1 =1 | Address for switching contsrts Setting I Edt Contents...| - <Cf \vl e

Project Workspace - x|

~[] Sheet Read | Run
EI[:I Screen Category y | Done
e e - = | .

= B
a5 &A
=

, Target Position - 9953
2,
Property 1=t - *‘l é BE Actual F'osi‘cion I -EEHH Command Velocity | = QBHB

e o
|

N [E=E] [E=3]

|

item | indire| Value

e
L~ JjC ~

General { Text } LayoutiFrame } Adtion } Maco }

Ready X=036Y= 4 Ns3Tvo[ V2 System Verg.6 NOT
VA

@ Additional Information

Refer to the Sample File No. 8 SILSDemoMC.zip that is provided separately for the
above program.
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3.2.8. Preparing the SILS (Software In the Loop Simulation)
You add the Sysmac Controller Interface block to the Simulink model and make the setting for
data exchange between Simulink and Sysmac Studio.

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

Simulink.
lgixi
Fle Edit View Display Diagram Simulation Analyss Code Tools Help
%-8 EO-B- 40P - |0 3 O~
PLCCoderDemaMC |
® |[FalrLccoderDemamc b -
«Q
£l
=
(=}
ActualPosition Commandyelocity P Commandielocity ActualPosition —
CrmdVel ActualPosition
Controller Controlledsystem
»
Ready [176% odeds 7/

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.

- ;Simulink Library Browser ;lglﬁl

File Edit View Help

P 13 »| | Enter search term =l el

Libraries Library: OMROM/Sysmac Studio | Search Results: (none) I Frequent| ‘l 4
(%3] Simulink
- Commonly Used Blocks S

troller Interface

- Continuous

- Discontinuities

- Discrete

- Logic and Bit Operations
- Lookup Tables

- Math Operations

- Model Verification

- Model-Wide Utilties

- Ports & Subsystems

- Signal Attributes

- Signal Routing

- Sinks

- SOUrCes

- User-Defined Functions
[#- Additienal Math & Discrete
OMRON

smac Studio
Simulink 30 Animation

Showing: OMRON/Sysmac Studio .
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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.

|.7] Sysmac Controller Interface

R | I I |

4

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

[5] sysmac Controller Interface

4AYYVYVYYYY

(3
>
IS

[ ]| oo | [ = [ [omee | [ [odee |




Select MC_Axis000.Cmd.Vel from the list of variables in the Sysmac Studio project and
click the Add 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.

[5] sysmac Controller Interface

Click the OK Button to close the dialog box.

[Z] sysmac Controller Interface
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"/ | 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.
=0l

e [Edt Vew Deolay Disgram muaton Anslyms Gode Tooks el :

z-@ PR Az Ml SO RONICR S o o — | (OF

AlCederbemote |

& | ralPcCoderDemats ¥ o

&

+]

=

=] c

MC.Axis00. At Fos ﬁ%ﬁ'};i' MC AxigC md Ve Crrdvel Conmaniaboly . AckalPostin ActusPosition
’-' Sysrac Controller Imerface
:ldr 1% wdeds

@ Additional Information

Refer to the Sample File No. 9 SILSDemoMC.mdlI for the Simulink model that you
created by the above operation.

@ Additional Information

You can use the Variant Subsystem to make the same Simulink model for the simulation
using the Simulink only (MILS: Model In the Loop Simulation) and the simulation using
Simulink and Sysmac Studio (SILS: Software In the Loop Simulation).

Refer to the Sample File No. 10 MILS_SILS_DemoMC.mdl.

@ Additional Information

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.Trqg 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.

@ Additional Information

Add the variable whose value is passed from Simulink to Sysmac Studio only in the first
step to the Parameter list.




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

1 | Select Start NS Integrated Simulation from the Simulation Menu of the Sysmac
Studio.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit Wiew Insert Project Controller Simulation Tools Help

I Run ]
. Run in PROGRAM mode Alt+F5
1
PLCCoderDemoMC
Step Execution F10
new_Controller_0 v Step In F1i
¥ Configurations and Setup Continuous Step Exacution
P i EtherCAT Execute One 5can
P =5 CPU/Expansion Racks
=+ 1[0 M
10 Map Breakpoint Window Alt+Fo
P R Controller Setup
P & Motion Control Setup
¢~ Cam Data Settings e
|* Event Settings Calibration
_ Run in Execution Time Estimation Mode
P [ Data Trace Settings
¥ Programming Start NS Integrated Simulation k

2 | Select the CX-Designer file that you created in 3.2.7 Creating the Programming
Terminal Screen and the host name in the Start NS Integrated Simulation Dialog Box
and click the Run Button.

Start NS Integrated Simulation

Starting NS Integrated Simulation with the current CX-Designer project "SILSDemobdC'. Please
select a host name.

File Mame C:Asimulink\SILSDemoMC.IPP

Host Name HOST3 v

3| Select Run from the Simulation Menu of the Simulink.

" . SILSDemoMC

File Edit View Display Diagram | Simulation Analysis Code Tools Help

@ - [ 2% Update Diagram Crl+D
h |

. {08 Model Configuration Parameters Ctrl+E

SILSDemoMC |

Mode E
@ |[*a|sILSDemoMc B Data Display '
Q Step back (Uninitizlized)
€3 (i[> step Forward
= Stop Cirl+Shift+T)
Output D

ﬁ-" Stepping Options
Debug *

39



40

4

Right-click Data Trace Settings in the Multiview Explorer and select Add - Data Trace
from the menu to add DataTraceO.

PLCCoderDemoMC - 1

new_Controller_0

P 7} EtherCAT

P = CPU/Expansion Racks
= /O Map

P 3 Controller Setup

P {5+ Motion Control Setup
¢ Cam Data Settings
* Event Settings
I, Task Settings
| S

Add  » Data Trace
m ———

Double-click DataTraceO that you added.

PLCCoderDemoMC ~ 1

new_Controller_0

P 5 EtherCAT
¢ = CPU/Expansion Racks
« [f0 Map

¢ 3 Controller Setup
P {5 Motion Control Setup
& Cam Data Settings

™ Event Settings
I, Task Settings
¥ [+ Data Trace Settings

W Dronramminn &

Make the trace settings as shown below.
Trigger condition: Rising edge of PositionControl.StartPg
Trace target variables:
PositionControl.i_Controller. TargetPos
PositionControl.i_Controller.i0_CommandPositionGenerator.CommandPosition
PositionControl.i_Controller.ActualPosition
PositionControl.i_Controller.CommandVelocity

9, Configurations and Setup

= = X Axis [Time(ms) v

"u = I |=||=|

»
")
pe |[Single ¥ Sampling interval |Every period of task ¥ [PrimaryTask ¥ Trace No. 0 hd
iger data ratio 5 _ - -
) | ISR GG SR GGG PositionControl.StartPg TRUE (rising] =
100 10000

B Start tracing at switching from PROGRAM mode to RUM mode B Refresh charts during tracing

Visible! 1X Offset! Y Offset!Y Axis Min.|Y Axis Max.|Cursor|Minimum|Maxi
E PositionControl.i_Controller.TargetPos

E PositionControl.i_Controller.i0_CommandPositionGenerator.CommandPosition
E PositionControl.i_Controller.ActualPosition
o . . -

+




Click the Start Trace Button (with red filled circle icon) on the upper left part of the
window to start data tracing.
The data trace function is started and waits for the trigger.

9, Configurations and Setup

W= HE‘E = P9 Xads Timems) v S
A\
BRI Start Trace [ ¥ Sampling interval [Every period of task ¥ |Primarylask ¥ Trace No. [0

Post-triggerdataratio | ==
E: Enable trigger condition [l ie kg e-utas] TRUE (rising] v
%

0 10000
W Start tracing at switching from PROGRAM mode to RUN mode Il Refresh charts during tracing

Visible! | Name 1X Offset!Y Offset! Y Axis Min.|Y Axis Max. | Cursor|Minimum | Maxi
PositionContrel.i_Controller. TargetPos 0 0 0

PositionControl.i_Controller.i0_CommandFositionGenerator.CommandPosition

PositionCoentroli_Controller.Actual Position

PositionCentroli_Controller.CommandVelocity

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

= ' TFST MODE-511 SDemaMC-000:5creen Pageliii

iReady | Run | Done I

| Actual Posttion| ﬁ | Command Veloclty m

| |

9

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

® [ IES 1 MODE-SILSDemoMG-UBlScreen FazelUll

| Ready || Rrun || Done

n
e B¢

| Target Position HHH
Actual Position ﬁ Command Velclciiy W

| .<
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10

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.

Ready | Run | Done
i Target Position |,”Jaﬂ
Actual Position I ,'ﬂaﬂ Command Velocity

L Q[ ]

11

When you click the Stop Button (with write square icon) or the trace data becomes full,
the data trace operation will stop and the results will be displayed.

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

*\, Lonfigurations and setup Haq

manyiesk ¥ | Trace No. [ ™

Pest-trigger data ratio
o 5 cnank mgger onaton oz
0 10000
W Start trocing ot switching from PROGRAM mode te RUN mede W Refresh charts during tracing
Visible| | Name 1X Offs=tlY OffsatlY Aods Min.|Y Axis Max.| Cursor [Minimum|Maxim
PositionControld_Controlier.TargetPos [ 100 100 100
PrdtinnCantmli_Contraliee il CommandPadiinnGensrainr CommanaPacitinn [’ 0.0005 0.0005( oa

MositionContrali_Controlicr.ActualMosition ) -0.007: -0.00
PosimorContiol._Controler.Commandaveiocty 0 0.080% 9.5367

400 1600
lime {ms)




12

Select Stop from the Simulation Menu of the Simulink.

. SILSDemoMC *

File Edit View Display Diagram | Simulation Analysis Code Tools Help

2l v [* &% Update Diagram Cirl+D
. {0 Model Configuration Parameters Ctrl+E

SILSDemoMC | - i
® ||Pg|SIL5DemoMC P Data Display v
Q ”Ea-_'n El= gl dlized
(1) Pause Cirl+T
El Step Forward
= Olsoo |, crishi |
i

Output b

Stepping Options

Debug r

13

Click the Close Button ([x] button) on the Test Window for the Programmable Terminal
to finish the test function.

| Ready | Run | Done |
\ - ."| —
i Target Position W
i Actual Position ﬂ .

14

Select Stop from the Simulation Menu of the Sysmac Studio.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Insert Project Controller Simulation Tools Help

I Pause Ctrl+alt+Braak
PLCCoderDemoMC Stop [«\5 Shift+F5

new_Controlier 0

¥ Configurations and Setup

P 7 EtherCAT

P =7 CPU/Expansion Racks
«* 110 Map

» 3 Controller Setup

B {5 Motion Control Setup
¢ Cam Data Settings
| Event Settings
I, Task Settings

'W [ Data Trace Settings

Breakpoint Window Alt+F3

Start NS Integratad Simulation
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IE' Precautions for Correct Use

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.

IEI Precautions for Correct Use

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.



3.2.10. Transferring the Programs to the CPU Unit
You transfer the programs and parameter settings to the physical NJ-series CPU Unit.

1 | Select Online from the Controller Menu.

File Edit View Insert Project Controller Simulation Tools Help
1 Communications Setup...
Change Device

| |
Online Chrl+W
PLCCoderDemoMC %
new_Controller_0
= = Transfer... r
¥ Configurations and Setup Mode 3
EtherCAT
P =1 CPU/Expansion Rad
= /O M
S BOUED Set/Reset »
p [ Controller Setup REneshing "
Motion Control Se
MC Test Run 3

& Cam Data Settings

I, Task Settings
Data Trace Settings

¥ Programming
¥ i# POUs Security 3

W = Programs
¥ [~ PositionConti

2 | Select Transfer - To Controller from the Controller Menu.

oderDemoMC Offline

Synchronization — .
From Controller... Cori+Shifi+

new_Lontralier 0
¥ Configurations and Setup Mods

i CtherCAT t
P =1 CPU/Expansion Racks Shop Menitoring

«* /0 Map etk

| = | Eon?rc-llcr Setup Forced Refreshing
P % Motion Control Setup

& Cam Data Settings A test
b Evont Scttings MC Monitor Table...
B, 1ask Sethings S0 Memory Lard...

Data Trace Settings Controller Clock...
Relrass Arrpss Right...
Update CMU Unit Name...

¥ Programming
v B PoUs Carvrity
¥ = Programs

PositionControl

3| Click the Execute Button.

The following data will be transferred.

- Configurations and Setup
EtherCAT, CPU{Expansion Racks, I/O Map, Controller Setup
Motion Control Setup, Cam Data Settings, Event Settings
Task Ssttings

- Programming
POlUs, Data, Library

Clear the present values of variables with Retain attribute,

Do not transfer the program rce. All data will be re-transferred when this option is changed.
Do not transfer the following. {All items are not transferred.

- CJ-series Special Unit parameters and EtherCAT slave backup parameters.

- Slave Terminal Unit operation settings and NX Unit application data.

Execute  Close
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3.2.11.

You transfer the screen data created with the CX-Designer to the physical Programmable
Terminal.

46

Transferring Screen Data to Programmable Terminal

1

Select Transfer - Transfer[To PT] from the PT Menu of the CX-Designer.

-Designer - SILSDemoMC - [0000:5creen Page0000]

=101

Dhfie Edit Find Yiew |PT| Functional Objects Fixed Objects Tooks Window Help

0o 0O = |[| Transfer & Quick Transfer[To PT]... cul+qQ 5;‘;5- lm A g: = & % = ){
[y TensferfopPr].. . cvl |

;LE [@ B ap system setting... ) = |G E S D [ addes s a B | lﬁ

=181 x|
xF) |

< l— B! Project Properties... :‘E Transfer[From PT]... Ctrl+5hift4B I ﬂl
EE' Communication Setting... =
Contents No. m £3) Compare[With PT]... Ctrl+shift+C Sefting | Edit Corteis I < _|'| _\'I
[Project Workspace @) Alarm/Event Setting...
[-03 Shest % DataLog Setting... [ Trarsfer Setting,..  Ctri+Al+8

E-(7] Screen Category = Broken-ine Graph Group Setting. ..
[ 0000:Screen P55 Data Block Setting. .. Transfer Program... Ctrl+

B ») .

£ String Table Setting. .. N

TQ Deyice Data Transfer Setting

/i Troubleshooter Setting(X)...

Sor=eniSheet [ Common !

Target Position = QQQQ
(= Password...
Eippaty L ik Unit/Scale... Actual Position = HHHE Command Velocity - EEHH
[™] Dialog Setting...

Item m Flicker...

Calor Transparent. ..
Show Operation Log Setting...

Screen/Sheet Properties...
Change Input Order. ..
Edit Contents...

General [ Text } LayoutiFrame ) Action }, Macro }
Transfer[To PT]

X=153Y= 0 NS3-TVO[-V2 System Vers.s IF| nur

Setting

Click the Yes Button.

X

Do you want to star transfeming?

Transfer Setting (Commaon)

LUSB

Setting |

[T Do not show this dialog again.




3.2.12. System Operation Check
You execute the operation according to the programs transferred to the physical device and
check the operation using the data trace function.

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 | Double-click DataTraceO.

PLCCoderDemoMC - 1

new_Controller 0

B 7 EtherCAT

P = CPU/Expansion Racks
« LJO Map

P 3 Controller Setup

¢ & Motion Control Setup
& Cam Data Settings
| Event Settings
I, Taczk Settings

¥ [ Data Trace Settings

| I pH DataTraced 5

W Dronrammina i

2 | Click the Start Trace Button (with red filled circle icon) on the upper left part of the
window to start data tracing.

The data trace function is started and waits for the trigger.

4, Configurations and Setup Oa e
DataTraced X

KI 1 =

jylotart Trace RS ¥ Sampling interval [Every period of task ¥ | [Primarylask ¥ Trace No. [0 v

|=|""-=| M I=|I-.I = X Axis Time (ms) v

Post-trigger data ratio

. [ VIS E R gl Sl il Bl PositionControl.StartPg TRUE (rising) " v
100 10000

B Start tracing at switching from PROGRAM mode to RUM mode B Refresh charts during tracing

Visiblel | Name IX Offset|Y Offset]Y Axis Min.| Y Axis Max.|Cursor|Minimum | Maxim
E PositionControl.i_Controller.TargetPos

E PositionControli_Controllerid_CommandPositionGenerator.CommandPosition
[+ PasitionControl.i_Controller.ActualPosition
E

PositionCentrol.i_Controller.CommandVelocity

+

a7
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3| Press the Power ON Button on the physical Programmable Terminal.

The Servo is turned ON and the Ready Lamp is lit.

[ Target Positiu:un H
.Aclual Position m | Command Velocity ﬁ

[N (=]

-
[ [

4 | Press the Home Button on the physical Programmable Terminal.
The axis is returned to the home.
| Target Position W
.Aclual Position m | Command Yelocity m
5| 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.

. Ready | Run | Done |
3 — | —

| Target Position W
Actual Position m |Command‘i’elociiy m

| |
—




When you click the Stop Button (with write square icon) or the trace data becomes full,
the data trace operation will stop and the results will be displayed.

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

<\, Configurations and Setup odaa

Agis Time (ms) *
77" Sampling interval [EVEN period of task ¥ | [Primarylask ¥ | Trace No. [ ™
£ Enable trigger condition  QReHlra it A E Tl ] TRUE [rising]

ng from PROGRAM maode to RUN mode B Refresh charts during

10000

MName X Offs 3 sor | Minimum | Madm
PositionControli_Controller.TargetPos (0 | 100 100 100

PositionCaontrol_Controller.id CommandPositionGenerator.CommandPasition 0.0005 00005
PositionControld_Controlier.ActualPosition 16293 6.6757:
PasitionCentral_Contrafer.Commandveioity 3 | 0.0042 -0.1737

Time (ms)
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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 18] =l
File Edt View Display Diagram Simulation Analysis Code Tools Help
= id = » (@)
B 0 EeE EOP 2 |OF Era—— O
PLCCoderDemaMC_LD |
@ |[PalPLCCoderDemoMc_LD B A
3] True ©
= |
Fal== N
Manual Switth
EnableCul
100 TargetP osition
Comm andYelocity ActualPosition
TargetPosition
Cartroller
ControlledSystemn
ActualPosition
»»
PLCCoderDematic_LD, Cantralice P [= 7
Ready ST N 08 D e A B T M e S e TR - ode3
. S———cd
R JE= T =l B RO RERIOR 4D [Meema =l @~
cortrater |
& | FalFUCCodeiDemalC_LD P [P Corkroder ¥ -
N D
Ed |  smeendle l
o . M Pt Postion i ErmbieOut
= |argeu-bsmm“”wm EnableCut
alustion
(D, = 1)
AdsaFosbon oy Cormmandyalocity
»
Heady el
=10l
Fls Ede Ven Duplry  Obgram  Srudtion Anshysis Code Tooks Hel .
H- <« - S= IRTHC I ON [CR e - m— (12
Sumysen |
B [FlPucCoderDemotds LD b By Controler b ) Subsystem b d
@
| [T} »(1)
Enable Enableut
=
]
@ ‘- -
e
T abositio Commandekaity
CommandPositonGenaator g Comrmandvelity
Presitordonirelke
ActuaPostion
.
Ry T ode3 &
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2 | When the code is imported to the Sysmac Studio, the BOOL variables are added as
shown below.

B Programming
Controller X

Variables

MNamespace - Using
Internals Name | In/Cut | Data Type
ssMethodType SINT
StepEnable Input BOOL
TargetPosition Input LREAL
ActualPosition Input LREAL
EnableQut Output BOOL
CommandVelocity |[Qutput LREAL

Input

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

B Programming

Sectiond - PositionContral X

Variables

MC_Axis000. Details. Homed | . M & BOOL’OMS"‘L& .
/1
4 ne=d_init end_init
|
I/\
5 i_Controller
Controller
SINT#0— sshethodType EnableOut

CommandVelocity = Smv_Vel
TargetPosition— TargetPosition

MC_Axi=000 Act Pos—] ActualPosition

6 MOVE |
EMN ENO

BOOL#0—In  Out[—need_jnit

7 nd_init
i_Controller
Cantroller
SINT#1— sshMethodType EnableOut|
[ delocity = Srv_Vel

TargetPosition— TargetPosition

MC_Axi=D00 Act Pos—] ActualPosition

8 MOVE |
EN ENOC

BOOL#1—{In  Out{—Smv_Ex

g execute Smv
S
MC_SynchoveVelocity
MC_Axi=D00— Axis _ Agis —MC_Axis000
Srv_Ex S%_In
] | -
1 1 Execute InVelocity ),
Smv_Vel—Velocity Busy — Snnv_Bsy
e—{CmdPosMode Adctive [—Smv_Act
te—|BufferMode  CommandAborted —Smv_Ca

@ Additional Information

Refer to the Sample File No. 6 PLCCoderDemoMC_LD.mdl that is provided separately
for the Simulink model used in this section.

Refer to the Sample File No. 7 PLCCoderDemoMC_LD.smc2 that is provided separately
for the program used in this section.

51



I 4.2. Sample File List

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 Output

Terminal.

6 PLCCoderDemoMC_LD.mdl

File that contains the Simulink model described in 4.1. Programming in

Ladder Diagram Language of this Guide.

7 PLCCoderDemoMC_LD.smc2

Sysmac Studio project file that contains Sysmac Studio programs
described in 4.1. Programming in Ladder Diagram Language of this

Guide.

8 SILSDemoMC.zip

CX-Designer project file that is described in 3.2.7 Creating the

Programming Terminal Screen of this Guide.

9 SILSDemoMC.mdl

File that contains the Simulink model described in 3.2.8 Preparing the
SILS (Software In the Loop Simulation) of this Guide.

10 MILS_SILS_DemoMC.mdl

File that contains the Simulink model that shows the usage example of

Variant Subsystem.
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