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Introduction

The NJ-series Startup Guide for Simulink® PLC Coder™ and Sysmac Studio (hereinafter, may
be referred to as “this Guide”) describes the startup procedures that are required to use a
combination of Simulink® PLC Coder™ 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®
PLC Coder™ 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

Read and understand this catalog.

Please read and understand this catalog before purchasing the products. Please consult your
OMRON representative if you have any questions or comments.

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
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and limitations of use which apply to the Product. This information by itself is not sufficient for a
complete determination of the suitability of the Product in combination with the end product, machine,
system, or other application or use. Buyer shall be solely responsible for determining appropriateness
of the 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 OR IN LARGE QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE
HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL
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.




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-SE2ooo 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-oooo Learning the basic specifications An introduction to the entire NJ-series
User’s Manual NJ301-ooo0o 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 NJ501-0oo0o0 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-oooo 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

NJ501-0o00

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

NJ501-0o00

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 Gb5-series Servo Drive.

This manual explains how to install and
wire the Servo Drive, set parameters
needed to operate the 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 Gb5-series Servo Drive.

This manual explains how to install and
wire the Servo Drive, set parameters
needed to operate the 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 EtherCAT Slave Unit.




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-E1-01

T— Revision

Revision code Date Revised content

A June 2013 Original production
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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.

USB cable

NJ-PA3001 Power Supply Unit
NJ301-1200 CPU Unit

EtherCAT communications B Rs30-KNOTL-ECT
cable I:I Servo Drive
|:| Node Address 1 (Axis 0)

R88M-K10030T

Servomotor
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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

NJ301-1200 (Unit version 1.04)

NJ-series Power Supply Unit

NJ-PA3001

EtherCAT communications

cables

XS5W-T421-CMD-K

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

AC Servo Drives

R88D-KNO1L-ECT (version 2.10)

AC Servomotors

R88M-K10030L

Motor Power Cables
(for the AC Servo Drives)

R88A-CAKA003S

Encoder Cables
(for the AC Servo Drives)

R88A-CRKAO003C

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).

Manufacturer Name Version
OMRON Corporation Sysmac Studio Version 1.05
The MathWorks Inc. MATLAB/Simulink R2013a
The MathWorks Inc. Simulink PLC Coder R2013a




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
A

Travel distance: 100 mm

Maximum velocity: 50 mm/s

Maximum acceleration: 185 mm/s2

» 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

—— 1 Ball'screw pitch: 10 mm

11



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.

I 2.2. Designing the Control Algorithm

12

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 =
File Edit View Display Disgram Smulation Analysis Code Tools Help
i = ~
A IR = - A= IR O N CRCHIORAE [Norma @~
PLCCoderDemomc |
[Pl PLECoderDemame b -
E2] Targe tPosition
= TargetPosition
CortrolledSyatem
achual Pasition
»
Ready [125% oded

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 (=[5
Eie Edit View Display Diagram Simulation Analysis Code Tools Help

HrE . 0 BB AP - |o-F Cr—
Controller |

[PalPLCCoderDemoMC b [Pa|Controller b

TarzetPosition  CommandPosition

Gerrrrand PositionGeneratoe

1

TargetFPosition
TargstPesition

Comman dPesi tion

mLES| e

PosttiorControlier

7 )

] ActuslPasition
ActiaPosition

»
Ready

[125%

You will get the simulation execution results as shown below.

J Viewer: Scope (TargetPosition. GommandPosition. ActualPosition. CommandYelocity)

=101 x|
2olaw i 0RESF

TargetPositian ]
CommandPogition
ActualPosition

Commandyelocity
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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.

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

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

Coder into the Sysmac Studio.

v
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.
v
3.24 Creating the EtherCAT Network You register a R88D-KNO1L-ECT Servo Drive that
Configuration operates as axis 0 on the EtherCAT network
configuration.
v
3.25 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.
v
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.
v
3.2.7 Synchronization (Download) You transfer the programs and parameter settings to
the physical CPU Unit.
v
3.2.8 System Operation Check You execute the operation according to the programs

transferred to the physical CPU Unit and check the

operation using the data trace function.

14



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.

"« PLCCoderDemoMC -0 x|
File Edit View Display Diagram Simulation Analysis | Code Tools Help

b@ < EEe-E <

Data Objects * Generate Code for Subsystem
—

Chedk Subsystem Compatibility

PLCCoderDemaMC | - -
Automatic Importnot supported for. the selected Target IDE
® ||%a|PLCCoderDemoMC b -
Mavigate to Code
&
E Targe tPosition
Commandielacity Commandyelocity ActualPosition
= TargetPosition S
ControlledZystem
ActuslPosition
»
Ready [125% ode3 7

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

Q Configuration Parameters: PLCCoderDemoMC [Configuration5 (Active) x|
Select: _General option =
: Solver Target IDE OMROM Sysmac Studio
- Data Import/Export
[+ Optimization Target IDE Path |
[+ Diagnostics
i Hardware Implementation Code Output Directory |plesre
i~ Model Referencing
- Simulation Target [~ Generate testbench for subsystem Generate code...
=-PLC Code Generation

;- Comments

:- Optimization
- Symbols

‘- Report

=
" ] oK I Cancel Help | Apply |
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Select the Generate testbench for subsystem check box.

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

Directory.
Q' Configuration Parameters: PLCCoderDemoMC/Configuration5 (Active) il
Salect: | General options =
""" Solver Target IDE [oMRON Sysmac studio |

ata Import/Export
ptimization Target IDE Path |

iagnostics X
- Hardware Implementation Code Output Directory [ptesre
- Model Referencing - . S =
- Simulation Target 4 for Y Generate code... |
E+PLC Code
- Comments
[SYIE i PLC Coder: PLCCoderDemoliCController —of x|
i Symbols View Font Size
#Repart |Message |Soume IR.eported By |Suwunafy |

@ PLC Coder Log PLCCoderDemoMC  PLC Coder  PLC code generation successful for PL..

¢} PLCCoderDemaMC

PLC code generation successful for PLCCoderDemoMC /Controller’,

Generated files:
lcsrc\PLCCoderDemoMC xml

9 oK I 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.

17



3.2.2. Importing the Code into the Sysmac Studio

18

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.

Start the Sysmac Studio and create a new project.
Set the Select Device Area as shown below.
Category: Controller
Device: NJ301-1200
Version: 1.04

E% Offline pe
CoderDemobi

3 MNew Project

erties
& Open Project
o
ype Standard Prejert o
g Import...

"%y Select Device

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

PLCC MIC

new_Controller_ 0 v | I ‘

» Configurations and Setup
¥ Programming

¥ [f POUs
¥ = Programs
¥ | Program0
Add
Cut

—'ﬁ_

Rename

Jauopdxg maniniy

Security
Properties

Settings For Debugging »




3| Select Import ST Program from the Tools Menu.

PLCCoderDemoMC - new_Controller_0 - Sysmac Studio

File Edit View Insert Project Controller Simulation Teools Help

Backup ]

Export Global Variables 3
Comments for Wariables and Data Types »
Import ST Program... %

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.

=
D - |b - computer - LocalDek () - pse = @ [sewch s ¥
Organize v hew fider = v () @
i Favontes
B esktep
8 Conrkusds
4] esentviaces
3 Lbwaries
| Documents:
o Music
= Pctures
B vdeas
T Computer
& Locsl Disk ()
5 Dt (1)
p—
Fike games [PLCCadeDemahdC amd =[5 promrem tormat a7
i &

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.

i PLCCoderDemoMC
new_Controller_0

» Configurations and Setup

¥ Programming
a =

| Programs
B MainTB
®) Functions
¥ @) Function Blocks

B TestBench
E Controller
E CommandPositionGenerator
B PositionController

» F= Data

P [ 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.
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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 the Task Settings in the Multiview Explorer to display the Task Settings
Tab Page.

PLCCoderDemoMC

new_Controller 0 » | [ |

¥ Configurations and Setup .

g EtherCAT

» =7 CPU/Expansion Racks
«* 1/O Map

p 7 Controller Setup

- {3 Motion Control Setup
¢ Cam Data Settings
* Event Settings

X

¥ Data Trace 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.

I 3, Configurations and Setup

| Task Name

| 500us

ams

¥ B PrimaryTask
T 1
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Select Run from the Simulation Menu of the Sysmac Studio.

‘oderDemoMC - new_Controller_0 - Sysmac Studio

File Edit Wiew Insert Project Controller Simulation Tools Help
Run
Run in PROGRAM mode

PLCCoderDemoMC

Step Execution
new_Controller_0 StepIn

Continuous Step Execution

Execute One Scan
7 CPU/Expansion Racks

& /O Map

p 7 Controller Setup

P i+ Motion Control Setup
& Cam Data Settings
|* Event Settings

Breakpoint Window

Calibration
Run in Execution Time Estimation Mode

[ Data Trace Settings

v Programming Start NS Integrated Simulation

F5
Alt+F5

F10
F11

Alt+Fg

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

| PLCCoderDemohC |
new_Controller 0 | l —‘ |

¥ Configurations and Setup

7 EtherCAT

P = CPU/Expansion Racks
+* /O Map

p @ Controller Setup

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

| F# Data Trace Settings |
fvrogemmng
. i ¥ i POUs |
| ¥ = Programs
E MainTB
¥ Functions
¥ [ Function Blocks |
[m e
E Controller |
= CommandPositionGenerstd|
E PositionController
» 9 Data
] P P Tasks

Jasopdxg maingingpy

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

B Programming
TestBench %

aQ

b TargetPosition “ARRAVI0.3000]0... | [BOOL(LREAL..

]

]

RRENC-00] O S ERERLENO LS

3l'(" TEST_CYCLE COUNT = 3001 I *)

L e SO L e o e

[

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.
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@ 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) THEMN

testVerify .= BOOL#FFALSE
EMD_IF;

m REAL data: 0.0001

IF testVerify AND (ABS(out_Outl - cycle_Outl) > REAL#0.0001) THENM
testVerify 1= BOOL#FALSE;
EMD_IF;

m LREAL data: 1.0E-5

IF testVerify AND (ABS{out_Outl - cycle_Outl) > LREAL#1.0E-5) THEM
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.

| PLECoderDemoMC

.nm_lemller_U

¥ Configurations and Setup
B | 7 EtherCaT
= CPU}E:pansblkRacks
«* /O Map
p T Controller Setup
p {3+ Motion Control Setup
¢~ Cam Data Settings
™ Ewvent Settings
I, Task Settings
[+ 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.

¥ Configurations and Setup

¥ (2] Nodel :

@ Additional Information

To use digital I/0 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 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.

PLCCoderDemoMC -
oaertiemoi <, Configu

new_Controller_0 v | l |

¥ Configurations and Setup

¥ 7 EtherCAT
P [5) Model : RBBD-KNO1L-ECT (EO]
» =5 CPU/Expansion Racks
& /O Map
p 3 Controller Setup
¥ & Motion Control Setup

Axis Settings

&
| Axis Setting Table

s
F+ Data Trace Settings

=
£
E“:
2

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 v ‘ I ‘

w Configurations and Setup

W [T EtherCAT
P (5} Model : RBBD-KNO1L-ECT (E00
» = CPU/Expansion Racks
o [/O Map
p 8 Controller Setup
¥ 1%} Motion Control Setup
¥ {7 Axis Settings |
1% Axes Group Seﬂrngsk
¢ Cam Data Settings
* Event Settings
B, Task Settings
F+ Data Trace Settings

0jdxg MR

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

Axis type: Servo axis
Input device: Node: 1 Device: R88D-KNO1L-ETC

: A, Configurations and Setup

L], & 4
R e Triy Ten

AR HUIUE
Axis use

Axis type
Feedback control
Input device

Output device Channel

p 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: 1048576 pulse/rev
Work travel distance per motor rotation: 10 mm/rev

2, Configurations and Setup

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

Command pulse count per motor rotation 1048576 Fu¥lNEH
Work travel distance per motor rotation f0] mm/rev
F aferance: Linit convarsinn formula

Command pulse count per motor rotation (UDINT)

- - * Travel distance [Unit of displa
Work travel distance per motor rotation (LREAL) 2 ! playl

Number of pulses [pulse] =

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

A, Configurations and Setup

Maximum velocity | E mm/s Velocity waming value | %
Maximum jog velocity | EOl mm/s
MaxImum acCeleranon H mmys= 2 Acceleration wamning value | %

Maximum deceleration mm/s42 Deceleration waming value ” %

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

¥ Torque

Positive torque warning value - % Negative torque waming value ‘ %

¥ Monitor

In-position range 10 fulyl In-position check time 8] ms
Actual velocity filter time constant 0: ms Zero position range ile) 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.

| PLCCoderDemaMC

new_Controller 0 v ‘ l ‘

w Configurations and Setup

therCAT
> PU/Expansion Racks
&* I/O Map
» 7 Controller Setup
p {3+ Motion Control Setup
& Cam Data Settings
™ Event Settings

Settings

|

B MainTB
'®| Functions

| Filter

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

new_Controller 0 > ‘ l ‘

w Configurations and Setup

> CPU/Expansion Racks
«* I/ Map
p R Controller Setup
P 4+ Motion Control Setup
¢’ Cam Data Settings
* Event Settings
SR

Data Trace Settings

¥ Programming
1 ¥ i@ POUs
! ¥ /= Programs

Edit
T cut
e |
Copy

=
E
g
2
L
3
A

Deiete

> D.l Rename
& rET

Security
Properties
Settings For Debugging »

(Y Fiiter - =
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2| Create the PositionControl program for the following processing.

- Servo ON (by executing an MC_Power instruction)

- Home definition (by executing an MC_Home instruction)

- 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)

| MLECoderDemoM - now_Controller_8 - Sysmac Studio =lol=
Bt L8 s et Proect Lettnoier pmuaton  JodE Hed

A, 0. Details Homed=FALSE) THEN

000 Detsits Homed=TRUE) THEN

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.smc that is provided separately for
the above program written in ST language.

@ Additional Information

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

@ Additional Information

The instruction to use differs by the command type. Use the following instructions
according to the command type.

Position command: MC_SyncMoveAbsolute

Velocity command: MC_SyncMoveVelocity

Torque command: MC_TorqueControl

If you use an 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 that is
provided separately for details of the program.
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Assigning the PositionControl program that you created to a task.

3

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

| PLCCoderDemoC

new_Controller 0 v ‘ l |

¥ Configurations and Setup
-

i EtherCAT

p = CPU/Expansion Racks
& 1/O Map

p 1 Controller Setup

P £} Motion Control Setup
¢~ Cam Data Settings
™ Bvent Settings

B . W Task Settings

P [~ Data Trace Settings k

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.

| <\, Configurations and Setup 66 |
! 3 e

| Task Name |Period/ExecutionDetailed ExecutidTa

prmanTasc LR ookl

In the Program Assignment Settings View, select the PositionControl program that you
created.

¥ Im PrimaryTask

m 1

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

|:| PLCCoderDemoMC - new_Controller_0 - Sysmac Studio
Fil Edit Vi I Broject . _
Check All Programs F7 [

Check Selected Programs Shi

Build Controller F&
PLCCoderDemaohdC Rebuild Controller

new_Controller_0

Memory Usage

¥ Configurations;  Online Edit b
b 77 Ethe




3.2.7. Synchronization (Download)
You transfer the programs and parameter settings to the physical CPU Unit.

1 | Select Online from the Controller Menu.

File Edit View Insert Project <Controller Simulation Tools Help

Communications Setup..
Change Device
Online Ciri+W
PLCCoderDemoMC %
new_Controller_0
hMaode 3
¥ Configurations and Setu
p = CPU/Expansion R
L Emzs;;f i :
» 3 Controller Setup [
S MC Test Run 3
¢ Cam Data Setting
|™ Event Settings
¥ if] POUs Security 3
¥ = Programs

2| Select Synchronization from the Controller Menu.

PLCCoderDemoMC - new_Controlk
File Edit Wiew Insert Project Conftroller Simulation Teols Help

- Sysmac Studio

PLCCoderDemoMC

Offline Cirl+Shift+W
new_Controller 0 Synchrenization Cirl+M
hMaode 3

¥ Configurations and Setu
Step Menitoring

Set/Reset 3

-
-

Forced Refreshin 3
7 Controller Setup g

Motion Control SEEEEISRESEY 4
& Cam Data Setting MC Monitor Table...
|™ Event Settings SD Memaory Card...
Controller Clock...
Release Access Right...
Update CPU Unit Name...

Security 3

3| Click the Transfer to Controller Button.

[ A e v b
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3.2.8. System Operation Check
You execute the operation according to the programs transferred to the physical CPU Unit 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 | Right-click the Data Trace Settings in the Multiview Explorer and select Add - Data
Trace from the menu to add DataTraceO.

; PLCCoderDemaMC

new_Controlier 0 - ‘ ‘ ‘

|
i
¥ Configurations and Sefup ‘

P 5 EtherCAT

p =7 CPU/Expansion Racks
+* 1/O Map

P @ Controller Setup

P i Motion Control Setup
& Cam Data Settings
|* Ewent Settings
B, Task Settings

T

2 | Double-click DataTrace0 that you added.

| PLCCoderDemaMC [
' E—
new_Controller 0 o d ‘ ‘ I ‘

¥ Configurations and Setup

P 7f EtherCAT
» =7 CPU/Expansion Racks
«* 1/O Map

p R Controller Setup
P {3+ Motion Control Setup
& Cam Data Settings

|® Ewent Settings
I, Task Settings
¥ (71 Data Trace Settings

| DataTracel |
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Make the trace settings as shown below.
Trigger condition: Rising edge of PositionControl.Smv_Ex
Trace target variables:
PositionControl.i_Controller. TargetPosition

PositionControl.i_Controller.i0_PositionController. CommandPosition
PositionControl.i_Controller.ActualPosition

PositionControl.i_Controller.CommandVelocity

= 7 "% X Axis Time (ms) v )

Trace type [Single ¥ Sampling interval [Every period of task v PrimaryTask v Trace No. [0 v

Post-trigger data ratio -
. 4 Enable trigger condition [BIRENLIELIGIRS IS TRUE (rising) v
o 10000

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

Visible| 1 Name 1% ¢ ffsetlY OffsetlY Axis Min.|Y Axis Max.|Cursor
PositionControl.i_Controller.TargetPosition

PositionControli_Controller.i0_PositionController. CommandPosition |
PositionControl.i_Controller.ActualPosition |
PositionControli_Controller.Commandvelocity |

3000 4000 5000 6000 7000 8000 9000 10000
Time (ms)

3000 4000 5000 6000 7000 8000 9000 10000
Time (ms)

Close

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.

FZ] pata Trace

W XAxis Time(ms) v & A- 2 R |

Ustart Trace | Single v sampling interval Every period of task v PrimaryTask v Trace No. 0 v

Post-trigger data ratio o =
. I Enable trigger condition |ENdehievlie Ry \VE>E TRUE (rising) *
0 10000

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

Visiblel 1 Name IX Offset|Y OffsetlY Axis Min.IY Axis Max.ICursor|
PositionControli_Controller.TargetPosition |

o PositionControli_Controller.i0_PositionController.CommandPosition ]
K PositionControl.i_Controller.ActualPosition |
[ PositionControl.i_Controller.CommandVelocity |

2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (ms)

2000 3000 4000 5000 6000 7000 8000 2000 10000
Time (ms)

Close
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Double-click PositionControl in the Multiview Explorer to display the program.

| PLCCoderDemoMC

new_Controlier D o ‘ l ‘

» Configurations and Setup
¥ # POUs
¥ [=| Programs
®| Functions k
¥ @ Function Blocks
E Controller
Bl CommandPositionGenerator
B PositionController
P 2 Data

sks

Change the value of StartPg variable for execution conditions of Servo ON, home
definition, and command value output to True to start positioning.

/.f.-’r‘fi‘."f.fﬁfﬁfa’r’ﬁﬂ/ﬂ;‘f

1

2! /[ Axis Operation .
3;

4\-IF (StartPg =TRUE) THEN

5

6

7 |
s !
9

Pwr_En[ Tl = TRUE;
ELSE R

Pwr_En|p False | ‘ = FALSE:
Hm_Ex ‘.p False = FALSE
Smv_Fx|p False |:= FALSE:

| END_IR:

=
5]

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.

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.

ring tracing

PositionControli Controllés.

PasitionCentreli_C itr_PositionController.C
() PositonControli Controllér ActuaiPosition

PositionControli_Controller.Commandyelocity




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 10| =l
File Edit “igw Display Diagram Simulation Analysis Code Tools Help

B e L EBESE GOP | @ ER— O

PLCCoderDemalic_LD |

® |[Pa/PLCCoderDemamc LD b -

.

True ©

e e

Fals  Lianual Switth

100 TargetPostion

Commandvelocity ActualPosition

TargetPosition
Caortroller
ControlledSystem
o ActualPosition
PLCCnderDema_LD/Cantraller - o (=] |
Ready Fle Edt Wiew Dbglay Diogram Simdslion Andyss Code Took Hel ode3 4
%
- EBe ¢ @@-B 40k @ few = @~ .
Cortraller |
& [FalPLCCodeDenmtC_LD b (] Corkroer ¥ -
e
Ed | stepenabie l
- (D= p— | Tt Postion n Ermbisdut | » 1)
|} largau-bsmmw EnableCut
At st
€D, +2)
AduaFosbon . Cormmardvalocity
»
Ready liz5% oded
=101
Fle Cdt Wew Dupley Oibgram Sestion Anslyss Code Tooks Help .
SR -] Q-ﬂ@vg CAC N OO = <] @
Subysten |
& [FalPucCoderDemotC LD P [P Controler B Bl Subsrsten b -
oY
a| [T} »1)
Erable EnableCut
=
H Targaefos -
@- _mm Command osiion
Comm andPostion
- B Commardvelocty &B)
CormmandPusitiorisenerator Connandiacity
PesationContyclker
ActuaPostion
»
Rasdy 125 oded
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2 When the code is imported to the Sysmac Studio, the BOOL variables are added as
shown below.

'i'ﬁmgramm.i-ng

Name | In/Out i DataType )

|
| sshlethodType Input SINT |}
| StepEnable Input BOOL P
| TargetPosition Input LREAL "
| ActualPosition Input LREAL In
[ EnabicOut Output BOOL b
; CommandVeloaty [Output LREAL

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

. Prog ram min g

Initial Value

Smv

MC_SyncMoveVelocity

need_init

BOOL

True

TargetPasition

LREAL

| i_Controller

Controller

| need_init end_init

| Enter Bung Comment

i_Controller

| 100

SINT#0—

Controlier
ssMethodType

TargetPosition—

StepEnable
TargetPosition

| MC_AxisDD0.Act.Pos—

ActualPosition

EnableQut

CommandVelocity —Smv_Vel

MOVE

EN ENOD
BOOL#0—in

Qutl—need init ‘

i Controller

SINT#1—

Controller
ssMethodType
StepEnable

TargetPosition=—

TargetPosition
ActualPosition

EnableCut

CommandVelocity |—Smv_Vel

| MC_Axis0D0.Act.Pos—]

@ 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.smc that is provided separately
for the program used in this section.




I 4.1. 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.smc Sysmac Studio project file that contains Sysmac Studio programs
described in 3.2.6 Creating Programs of this Guide.

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