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——  NOTE

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form, or by any means, mechanical, photocopying, recording, or
otherwise, without the prior written permission of OMRON.

No patent liability is assumed with respect to the use of the information contained herein.
Moreover, because OMRON is constantly striving to improve its high-quality products, the
information contained in this manual is subject to change without notice. Every precaution has
been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting
from the use of the information contained in this publication.




Introduction

The Servo System 1S-Series Servo Drive with Built-in EtherCAT Communications and
SS1/SLS Safety Sub-Functions Startup Guide (hereinafter, may be referred to as “this Guide”)
describes the procedures for installation and setup of a 1S-Series Servo Drive wtih Built-in
EtherCAT Communications and SS1/SLS Safety Sub-Functions (hereinafter, may be referred
to as 1S-Series Servo Drive with SS1/SLS Safety Sub-Functions), where an

NJ/NX-series CPU Unit is used in combination with1S-series AC Servomotors/Servo Drives
with SS1/SLS Safety Sub-Functions and NX-series Safety Unit, by using the Sysmac Studio. A
simple installation model is used for the discussion. You can perform the procedures that are
presented in this Guide to quickly gain a basic understanding of a 1S-series AC
Servomotors/Servo Drives with SS1/SLS Safety Sub-Functions.

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 NJ/NX-series CPU Units

. Knowledge of NX-series Safety Units

. Knowledge of Servomotors/Drives

. Knowledge of operation procedure of Sysmac Studio

I Applicable Products

This Guide covers the following products.

. CPU Units of NJ/NX-series Machine Automation Controllers

. Automation Software Sysmac Studio

. 1S-series Servomotors/Servo Drives with SS1/SLS Safety Sub-Functions
. NX-series EtherCAT Coupler unit

. NX-series Safety controller



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

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 complete determination of the suitability of the


http://www.omron.com/global/

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.

. 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.

. Windows is either registered trademarks or trademarks of Microsoft Corporation in the USA
and other countries.

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

. 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
https://www.fa.omron.co.jp/product/tool/454/nj/index_en.html.
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Related Manuals

The following manuals are related. Use these manuals for reference.

Manual name Cat. Model Application Description
No.
1S-series AC 1696 R88D-1So-ECT- | Learning detailed Describes how to install and
Servomotors/Servo 51 specifications of a 1S- | wire the Servo Drive, set
Drives with Built-in R88M-1o series Servo Drive with | parameters needed to
EtherCAT SS1/SLS Safety Sub- |operate the Servo Drive, and
Communications Functions. remedies to be taken and
and SS1/SLS inspection methods to be
Safety Sub- used in case that problem
Functions User's occur.
Manual
Sysmac Studio W504 |SYSMAC- Learning about the Describes the operating
Version 1 Operation SE20ooo operating procedures |procedures of the Sysmac
Manual and functions of the Studio.
Sysmac Studio.
Sysmac Studio 1589 SYSMAC- Learning about the Describes the operating
Drive Functions SE20ooo operating procedures |procedures of the Sysmac
Operation Manual and functions of the Studio to setup Drives
Sysmac Studio for
Drives
NX-series CPU Unit |[W535 |NX701-0000 | Learning the basic An introduction to the entire
Hardware User’s specifications of the NX-series system is provided
Manual NX-series CPU Units, |along with the following
including introductory |information on the CPU Unit.
information, designing, |+ Features and system
installation, and configuration
maintenance. * Introduction
Mainly hardware * Part names and functions
information is * General specifications
provided. * Installation and wiring
* Maintenance and inspection
NX-series NX102 |W593 |NX102-0ooo An introduction to the entire

CPU Unit
Hardware User’s
Manual

Learning the basic
specifications of the
NX102

CPU Units, including
introductory
information,
designing, installation,
and maintenance.
Mainly hardware
information is
provided.

NX102 system is provided
along with the following
information on the CPU Unit.
* Features and system
configuration

* Introduction

* Part names and functions

» General specifications

* Installation and wiring

* Maintenance and inspection




Manual name Cat. Model Application Description
No.
NX-series NX1P2  |W578 |INX1P2-cooo Learning the basic An introduction to the entire
CPU Unit specifications of the  |NX1P2 system is provided
Hardware User's NX1P2 along with the following
Manual CPU Units, including |information on the CPU Unit.
introductory * Features and system
information, configuration
designing, installation, |+ Introduction
and maintenance. * Part names and functions
Mainly hardware « General specifications
information is . Installati d wiri
provided. ns.a ation an W|!'|ng .
» Maintenance and inspection
NX-series NX502 NX502-1000 Learning the basic An introduction to the entire
CPU Unit specifications of the | NX502 system is provided
Hardware User's NX502 along with the following
Manual CPU Units, including |information on the CPU Unit.
introductory * Features and system
information, configuration
designing, installation, |+ Introduction
and maintenance. * Part names and functions
Mainly hardware » General specifications
information is * Installation and wiring
provided. * Maintenance and inspection
NJ-series CPU Unit |W500 |NJ501-oooo Learning the basic Provides an introduction to
Hardware User’s NJ301-oooo specifications of the  |the entire NJ-series system
Manual NJ101-oo0o00 NJ-series CPU Units, |along with the following
including introductory |information on the CPU Unit.
information, . Features and system
designing, installation, | configuration
and maintenance. . Overview
Mainly hardware . Part names and functions
information is . General specifications
provided. . Installation and wiring
. Maintenance and inspection
NJ/NX-series Motion |W508 |NX701-oooo Learning about the Describes the motion control
Control Instructions NX502-1000 specifications of the  |instructions.
Reference Manual NX102-oooo motion control
NX1P2-oooo instructions that are
NJ501-oo0o0o provided by OMRON.
NJ301-oooo
NJ101-oooo
NJ/NX-series W503 |[NX701-oooo Learning about the Describes concepts on
Troubleshooting NX502-1000 errors that may be managing errors that may be
Manual NX102-oooo detected in an NJ/NX- |detected in an NJ/NX-series
NX1P2-oooo series Controller. Controller and information on
NJ501-oooo individual errors.
NJ301-oooo
NJ101-oooo




Manual name Cat. Model Application Description
No.
NX-series Safety Z930 NX-SLoooo Learning how to use |Describe the hardware, setup
Control Units User’s NX-Sloooo the NX-series Safety | methods and functions of the
Manual NX-SOoooo Control Units. NX-series Safety Control
Units.
NJ/NX-series CPU |W501 |NX701-oooo Learning how to Provides the following
Unit Software User’s NX502-1000 program and set up information on a Controller
Manual NX102-oooo an NJ/NX-series CPU |built with an NJ/NX-series
NX1P2-oooo Unit. CPU Unit.
NJ501-oo0o00 Mainly software . CPU Unit operation
NJ301-oooo information is . CPU Unit features
NJ101-oo000 provided. . Initial settings
Language specifications and
programming based on IEC
61131-3
NJ/NX-series CPU |W507 |NX701-oooo Learning about motion | Describes the settings and
Unit Motion Control NX502-1000 control settings and operation of the CPU Unit and
User's Manual NX102-oooo programming programming concepts for
NX1P2-oooo concepts. motion control.
NJ501-0ooo
NJ301-oooo
NJ101-oooo
NJ/NX-series W502 |NX701-oooo Learning detailed Describes the instructions in
Instructions NX502-1000 specifications on the |the instruction set (IEC 61131-
Reference Manual NX102-oooo basic instructions of |3 specifications).
NX1P2-oooo an NJ/NX-series CPU
NJ501-0ooo Unit.
NJ301-oooo
NJ101-oooo
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Revision History

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

Cat. No. 1926-E1-01

f

Revision code

Revision code Date Revised content

01 July 2024 Original production
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1. Servo system configuration and peripheral
products

| 1.1. Outline

The 1S-series AC Servo Drives with Built-in EtherCAT communications and SS1/SLS Safety Sub-
Functions support 100-Mbps EtherCAT.

When you use the 1S-series Servo Drive with a Machine Automation Controller NJ/NX-series CPU Unit or
CJ1W-NCu8:u EtherCAT-compatible Position Control Unit, you can construct a high-speed and
sophisticated positioning control system.

Also, you need only one communications cable to connect the Servo Drive and the Controller. Therefore,
you can realize a position control system easily with reduced wiring effort.

With auto tuning, adaptive filter, notch filter, and damping control, you can set up a system that provides
stable operation by suppressing vibration in low-rigidity machines.

The FSoE protocol, the technology for a safe communication layer supported by the 1S-series Servo
Drives and SS1/SLS Safety Sub-Functions, allows you to build the safety system that uses the
STO/SS1/SLS function from the safety controller on the EtherCAT network.

=

Additional Information

For additional information about 1S servo drive, please refer to AC Servomotors/Servo
Drives 1S-series with Built-in EtherCAT Communications and SS1/SLS Safety Sub-
Functions User's Manual (Cat. No. 1696)
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I 1.2. Servo System constructed in this guide

This Guide contains instructions from assembling the hardware that makes up a servo system to
constructing a system for safety functions and performing debugging on the system. The servo system
is built through the following steps:

B Performing Setup

Installation and Wiring

\/
System configuration with NJ and NX safety controller

v
Sysmac Studio project creation

\/
Motor, ABS Encoder and I/O Setup

v
Gain tuning

\/
m Creating a Motor Control Program

\/

B Adding a Safety Function
1 Select a safety function from below and add it.
» Adding the Safe Stop 1 (SS1) Function
* Adding the Safely-limited Speed (SLS) Function

=\

Additional Information

For information on how to set up the motion controller, refer to the Machine Automation
Controller NJ/NX-Series Startup Guide for Motion Control (Cat. No. W514).
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I 1.3. System configuration

The following figure shows the system configuration and devices that are used in this Guide.
The system configuration is shown in the following figure.

Error clear button

,’ Safety Key Selector Switch
i ! Safety-door Switch

Emergency Stop
* Pushbutton Switch

&

Safety reset button

EtherCAT

EtherCAT Coupler
Additional I/O Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Diaital Input Unit
e Configuration Devices
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-[] NJ-series CPU Unit Hardware

(Standard controller) User’'s Manual (Cat. No. W500)

NX-series EtherCAT Coupler NX-ECC20][] NX-series EtherCAT Coupler Unit User’s
Manual (Cat. No. W519)

Additional 1/0 Power Supply Unit NX-PFO[] NX-series System Units User’'s Manual
(W523)

Digital Input Unit NX-IDJ] NX-series Digital I/0 Unit User’s Manual
(W521)

NX-series Safety CPU Unit NX-SL3500 NX-series Safety Control Unit User's

(Safety controller) Manual (Z930)

NX-series Safety Input Unit NX-SID[]

Ethernet/EtherCAT Communications | XS5W-T]] -

Cable

15



AC Servo Drive R88D-1SNJ[]-51 AC Servomotors/Servo Drives 1S-series
AC Servomotor R88M-1[] with Built-in EtherCAT Communications
Power cables R88A-CA[] and SS1/SLS Safety Sub-Functions
Encoder Cables R88A-CR]] User's Manual (1696)

Error clear button A3]] -

Safety Key Selector Switch A22TK]] -

Safety-door Switch D4NSJ] -

Emergency Stop Pushbutton Switch A22[] -—-

e Automation Software

Product

Number of licenses

Model

Sysmac Studio Standard Edition
Version 1.59

None (DVD only)

SYSMAC-SE200D

From 1 license to site license SYSMAC-SE]]

16




Before You Begin

m Unpack Drive/Motor

1. | Unpack motor package. The package includes only motor and instruction sheet.
Cables are provided separately.

2. | Unpack drive package.

This product comes with the following accessories.

* INSTRUCTION MANUAL x 1 copy

« INSTRUCTION MANUAL (supplementation) x 1 copy

* Warning label x 1 sheet

» General Compliance Information and instructions for EU x 1 copy

« Attached connectors

m Install the Sysmac Studio Standard Edition
Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) for how to install.

Sysmac Studio vesion 10

© Capyright OMRON corparation 2010 AN Rights Ressrvec.

=\

Additional Information

For further details on how to handle drive and motor package, please refer to AC
Servomotors/Servo Drives 1S-series with Built-in EtherCAT Communications and
SS1/SLS Safety Sub-Functions User's Manual(Cat. No. 1696)
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3. Performing setup

This section explains from assembling the hardware that makes up the servo system to adding the
STO function via FSoE and creating a motor control program. The next section 4. Adding a Safety
Function describes how to add safety functions other than the STO function.

The operation of the servo system set up in this section is explained below.

1. When the error clear button is pressed, the errors of the standard controller and Servo Drive are
reset.

2. When the guard with the Safety-door Switch is opened, the motor torque is turned OFF.

3.  When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF.

4. When the safety reset button is pressed, the STO status is reset.

1. Error clear button
2. Safety Key Selector Switch

¢ ’ i = 3. Safety-door Switch

4. Emergency Stop Pushbutton Switch

Y

EtherCAT ™

5. Safety reset button

18



Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
Normal Run Servomotor at normal speed.

2. Safety Key Selector
Switch
s Used in Chapter 4.

operating mode

Safety active

Enable the assigned Safety Sub-Function.

mode sAssignment procedure is described in chapter 4.
3. Safety-door Switch Open Enable STO command
Close Disable STO command
4. Emergency Stop ON Enable STO command
Pushbutton Switch OFF Disable STO command
5. Safety reset button ON Enable reset STO status command
OFF Disable reset STO status command

Operation of STO Function with Motion Control
When the Servo ON command is enabled, the Servo Drive turns ON the Servo.

When the STO function is executed, the Servo Drive shifts to the STO state and turns OFF
torque.
When an operation command is enabled, the command velocity to the Servomotor is set to
1200 r/min.
Velocity
+1200[r/min]
0
Servo ON/OFF Servo OFF Servo ON | Servo OFF
Operation Command PCMD:OFF - I PCMD:OFF
@Standard Controller Q PCMD:ON .
STO Command(Status) ReselSTO | Activate STO

@Safety CPU Unit

STO Command(Status)
@Servo Drive

Normal status |

STO status

19




I 3.1. Installation and Wiring

This section describes installation and wiring using the R88D-1SNO1L-ECT-51.

For further about Installation and Wiring other than R88D-1SNO1L-ECT-51, please refer to AC
Servomotors/Servo Drives 1S-series with Built-in EtherCAT Communications and SS1/SLS
Safety Sub-Functions User's Manual (Cat. No. 1696) Chapter 4 Configuration and Wiring.

m Space Conditions around Servo Drives

Install the Servo Drive according to the following.

® Single-unit Installation ® Side-by-side Installation

i
Dimension Distance

T 100mm min.

B 100mm min.

S1 40mm min.

S2 10mm min. x1
R88D-1SNO1L-ECT-51 / R88D-1SNO2L-ECT-51/
R88D-1SNO4L-ECT-51 / R88D-1SNO1H-ECT-51/ _
R88D-1SNO2H-ECT-51 / R88D-1SNO4H-ECT-51/ 45mm min.
R88D-1SNO8H-ECT-51 / R88D-1SN10H-ECT-51

c1 R88D-1SN15H-ECT-51 / R88D-1SN20H-ECT-51/
R88D-1SN30H-ECT-51 / R88D-1SNO6F-ECT-51/ _
R88D-1SN10F-ECT-51 / R88D-1SN15F-ECT-51/ 60mm min.
R88D-1SN20F-ECT-51 / R88D-1SN30F-ECT-51

C2 50mm min.

Cs 70mm min.

*1. Limit the operating ambient temperature of Servo Drive from 0 to 45°C when the
distance is less than 10 mm.
Install the Servo Drive on the vertical metal surface.
To provide electrical conduction, remove any paint from the surface on which you
install the Servo Drives. Also, it is recommended that you apply conductive plating if
you make the mounting bracket by yourself.
The recommended tightening torque for installing the Servo Drive is 1.5 N-m. Make
sure that the threaded portion has the sufficient strength to withstand the

recommended torque.

20



m Servo driver installation

1. | In case of using the shield clamp, please fixe it in advance with the existing screw
2.
3.
l Gravity direction
Bottom of Servo Drive
4.

J Gravity direction

Bottom of Servo Drive

21
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m Motor installation (step 2, 3 order depends on your mechanical implementation)

1.

Please handle the motor carefully & do not apply heavy impacts or loads during
transport, installation, or removal of the motor.

e

2. | Please fixe and connect the motor to the mechanical system
Note: At first, please check motor operation without any load.
3. | Please attached the power and encoder cable

Please tight screws in several times in this order :1>4>3>2

=\

Additional Information

For further details about coupling method, please refer to AC Servomotors/Servo Drives
1S-series with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions
User's Manual (Cat. No. 1696) Chapter 4-1 Installation Conditions.




m Wiring

1. | Overview
B Wiring Diagram

Protection Servo Drive Servomotor
Element  Noise Filter [
] I Encoder 1 Encoder
L1
L2 U
L3 v

T 2:\/ @'1_ _‘lr‘

2. | Please remove power connector (CNA) from the drive.

ain circuit connector (CNA)

FG terminal

T-segment display ——{_ JBH TR Ses ndesiors

3. | Please wire the 24V control power supply. (stripped wires or ferrules can be used)

pa VDG )CNA L1 L2 L3 B3 B2 P/B1 N1 N2 N3+24V|¢
9+24V ODooo0oooooooo

- [ |[00000D0000Q0O0
o oV

Please connect wires with the spring opener.

Spring opener

Spring opener
l -

4. | Please wire the AC power supply.

Ll“LZ]LS B3 B2 P/B1 N1 N2 N3+24V @

I 0 By
O000O0O0OO00O0O00O0
| I—

5. | Please remove the motor connector (CNC) from the drive.

- N6
TR
Brake interlock |

connector (CN12}

| Semer——|

connector
I (CNC) I

Enceder connector (CN2)

— FG terminal
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6. Please wire U, V, W of the motor. (stripped wires)
Pin No. Name
1 U él El v
2 v OO Ve
s .
7. | Please screw the PE wir f the main power to the drive
Dterminal
7-segment LED display —{_| ; /// bl Status indicators
0 swiches [ @ ’ /// % JH USB connector (CNT7)
Status indicators ——*[_ L I/ | UH'
8. | Please plug back above connectors to the drive. (Power and Motor)
9. Please fixe the FG wire from the motor cable to the drive
Control /O H |—
safety connector (CN1)
FG terminal —j
Or
In case of using the shield clamp, please attach the cable to the clamp in order to
connect the shielded section.
10.
Al
| \\U{
X
rakcil:lé;lnw?;
Servomotor con :\éﬁtg; }

=

Additional Information

For further details about wiring method, please refer to AC Servomotors/Servo Drives
1S-series with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions

User's Manual (Cat. No. 1696) Chapter 4-2 Wiring.




m 1/0, Safety Wiring

1

By default, STO function is inhibited and bypassed with jumpers

1: EDM+P

2: EDM+

3:8F1+

4:SF1-

5:SF2+

I

C

6: 5F2-

7:SFB

L C—

9:0UTL+

10:0UT2+ ‘

11: OUT3+

12:IN1

13:IN3

14:IN5

15:IN7

16:GND

17:A+

18:B+

19:7+

20:FG

SF1+

SF2+

SF2-

NC 27

ouTL 20 Default allocation
ouT2- 30

ouT3- 31

IN2 :32 || POT
IN4 :33 || DEC
ING :34 || MON2
INg 35 |[EXT2
COMMON  :36

A =37

B :38

z- 139

FG 40

In case of using STO by hardwire, Please make the proper wiring between the safety

controller and the drive

Safety
Safety output
Controller (source) |
G9SP Series Safety Servo Drive
output 1 SF1+ 8 — ________
Safety input
Safety SF1 - I
output 2 SF2 + U
SF2 -
Test i ov
output EDM + P
Safety EDM + L !
input EDM - ! 4—{ !
T I
EDM EDM (- !
input output

i

Wire SF1 and SF2 to different safety outputs.

Servo Drive

Safety Input
EDM input
Safety | Test output 1: EDM+P
Controller S
| Safety output 1 3:SF1+
4:SF1-
| Safety output 2 5:SF2+
6: SF2-
7:SFB
8: JERR+
9: 0UT1+

EDM-

SFA 122
SF1+ 123
SF1- 24
SF2+ 25
SF2- 126
NC 127
ERR- 128
ouT1- 129

ov
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In case of using STO by hardwire for multiple servo drives, please make the proper wiring

between the safety controller and drives.

Safety
Controller

G9SP Series

Servo Drive

Safety output
(source)
(Safety outpu’H SF1 +
SF1 -
Safety output 2 SF2 +
SF2 -
o

EDM +P

[:

Test output

Safety input

EDM input

EDM

EDM + L |
EDM - | - i
T I
I ]

output

SF1+

SF1-

SF2+

SF2-

EDM +

EDM +P ||

EDM -

EDM
output

vYyov

Safety Input
EDM input

Servo Drive 1

Servo Drive 2

| I

ov

Safety Test output 1: EDM+P !@ : EDM- 21 1 EDM+P :J EDM- 21
CDner”EF 2:EDM+ I @ SFA 22 _I— 2: EDM+ i SFA 22
Safety output 1 305F1e i@ SF1e 23 3:5F1+ i SF1+ 23

4:5F1- i@ SF1- 24 4; SF1- i SF1- 24

II 5:5F2+ i@ SF2+ 25 5:5F2+ N SF2+ 25

6:SF2- ik:‘!} SF2- 26 6: SF2- i SF2- 26

7:5F8 i{@ 0 [ 27 7:5FB M NC 27

8: /ERR+ i@ f ERR- 28 8: [ERR+ M ERR- 28

9: OUT1+ T 3 ouT1- 29 9: OUT1+ M OuT1- 29

Note: When G9SP-series safety controller is used, you can connect up to four 1S-series

Servo Drives




Here is an example of latch input 1:

4. | When general I/Os are required, please make the proper wiring.

I Control /O Signal Connections and External Signal Processing

supply

supply

24 VDC£5%

Extemal power

24 VDC5% |
-

|Generalingut 2 IN2
|Gonerainput 3 IN3
|Generalinput 4 14
|Generalinput 5 IN5

General input 6 ING
[General input 6 ING )

External power __12 1o 24 VOCJICOMMON
- T ]
12 VDC28% fo | General input 1 IN1 [ St [ JERR+
St < [BAN

3: SF1+
| 4: SF1-
5: SF2+

E 6: SF2-
7: SFB

1: EDM+P

2: EDM+

8: JERR+
‘ READY 9: OUT1+
‘ R-OUT1 10: OUT2+ ‘
R-OUT2 11: OUT3+
ESTP 12: IN1
NOT 13: IN3
MON1 14: INS
EXT1 15: IN7
16: GND
17: A+
18: B+
19: 7+

20: FG

Maximum service

Maximum output

current
50 MADC

Frame ground

" Encoder puses
A Phase A output

Line Drive

" Encoder puses | cutput
B Phase Boulput | EIARS422A

compliant

Encoder pulses

¥
| 2. Phase Zoutput

Maximum service

With short-circult voltage: 30 VDG

Foe

Maximum output
current: 50 mADC
Leakage current
1mAor less
Residual voltage
3Vorless

EDM- 21
SFA 22
SF1+ 23 j
SF1- 124
SF2+ :25 ]
SF2- 126
NC 27
ERR- 28
QuT1- :29
QuTZ- 30
QuT3- 31
IN2 :32 || POT
INA :33 || DEC
IN6 :34 || MON2
IN8 :35 || EXT2.
COMMON :36
L y
A- :37
B- 38
Z- =L
FG :40

=

Additional Information

For further details about wiring method, please refer to AC Servomotors/Servo Drives
1S-series with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions

User's Manual (Cat. No. 1696) Chapter 8-2 Safe Torque OFF (STO) Function.
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I 3.2. System configuration with NJ and NX safety controller

m EtherCAT node address configuration

1. | Please configure the EtherCAT node address of the drive to 1.

Rotary switches for
node address setting

Note: You can configure the node address depending on your application

2. | In case of using NX safety, please configure the node address of the NX coupler to 2.
Note: You can configure the node address depending on your application

3. Please connect EtherCAT cables to devices

CN10 EtherCAT IN: EtherCAT cable from NJ EtherCAT Master
CN11 EtherCAT OUT: EtherCAT cable to NX coupler unit

EtherCAT Master

NX coupler unit

e = — NX safety CPU unit
NX Safety I/O unit

— (=

JL L=

CN11

1S-series Servo Drives

=

Additional Information

For further details about safety controller, please refer to the NX-series safety control
units user manual Z930

28



I 3.3. Sysmac Studio project creation

3.3.1. Creating a Network Configuration

1.

Select the NJ501-1500 Controller from the list.

=3 Project Properties

Projectname RIS

[ Open Project
& Spen Fojed Author

& Import...
Comment

Online

4 Connectto e Tpe
Version Control

W, Versien Control Explorer "8 Select Device
License Category [Frrraa———.|

[ License Device hwsor— wl-hse v

Note: When using the motor sizing tool results file, refer to the Adding a Servo Drive and
Axis from Motor Sizing Tool Results under Appendices.

Double-click EtherCAT under Configurations and Setup in the Multiview Explorer.
Multnview Explorer

new. Controlier 0| v

=

=|[=][=| [=][=(=]|=|=][=] =]

Drag a Servo Drive from the Toolbox to the Master in the EtherCAT Tab Page.

The Servo Drive with a node address of 1 is added under the Master.

Node Address|Network configuration

= Master
Master

|II R88D-1SNO1L-ECT-51 Rewi2.0
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Change the device name of the Servo Drive to E_AxisO.

Node Address|Network configuration
= .l Master
Master
‘.[l
R88D-1SNO1L-ECT-51 Rev:2.0 o = T

Product name R88D-1SNO1L-ECT-51 100V/100W Ser.

Revision

Nede Address

Enable/Disable Settings

Serial Number

Select the Servo Drive and select Edit PDO Mapping Settings.
Note1: If you want to edit the PDO mapping, please take it offline in advance.

RBED-TSNO1L-ECT-51 Rev20

Select a safety input/output. (17th)
Note1: The PDOs for safety input/output are assigned by default.

1 Size Comment
- No option

Output  1streceive PDO Mapping  Editable

Output  258th receive PDO Mapping

Output  259th receive PDO Mapping

Output  260th receive PDO Mapping

Output th receive PDO Mapping

Output

CXeX }

Output 17th receive PDO Mapping
No option
Input 15t transmit PDO Mapping  Editable
Input 256th transmit PDO Mapping
Input 259th transmmit PDO Mapping
260th transmit PDO Mapping
267th transmm Mappi

()
[
®
®
o
L

No ootion
17th transmit PDO Mapping

-  No.option
289th transmit PDO Mapps

No option

Drag and drop the NX coupler.

Node AddressiNetwork configuration
Master
Master [
" Tnapie/ U
RBBD-1SNOTL-ECT-51 Revi2 0 Serial Number

[ Frequency Inverter
= Digital 10

= Analog 10

= Encoder Input

S Measurement Sensor

I:I NX-ECC201 Revi12

I:I NX-ECC202 Rev:1.2

Ibﬁoa-pé-u‘-@

NX coupler is added to Network Configuration.

Node address is "2".
= “ Master
Master
; _I_' E_Axis0
R&8D-1SM0O1L-ECT-51 Rev:2.0

|_.] NX-ECC203 Rev:1.4




=\

Additional Information

If the physical EtherCAT network configuration is already connected, you can
automatically create the virtual network configuration on the Sysmac Studio from the
physical network configuration.

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

3.3.2. Setting an Axis
This section describes how to add the axis that is used to control the Servo Drive, assign the
Servo Drive, and set the axis parameters.

1.

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

Node Address|Network configuration
Master
Master

E_Axis0
RB8D-1SNO1L-
NX-ECC203 Rey

[new_Controller 0 v

Export

> EET

Axis Setting Table

The axis Axis0O is added to the Multiview Explorer.
This added axis is called the axis O.

Multiview Explorer

~
new_Controller 0 » ‘ l ‘

v urations and Setup
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Right-click AxisO (axis 0) in the Multiview Explorer and select Edit from the menu.

Proara

The Axis Basic Settings view is displayed on the Axis Parameter Settings Tab Page in
the Edit Pane.

Feedback control
jice 1 Channel
Channel

» Detailed Settings

Auis number

Virtual encoder axis

Axis number
Auis use

Axis type
Feedback control
Input device 1
Input device 2
Input device 3
Output device 1
Output device 2
Output device 3

¥ Detailed Settings

Auis number
Pods use:
s type
Feedback contral
Input device 1

Y Input device
Input device 3
Output device 1
Qutput device 2
- Output device 3

¥ Detailed Settings

+4




Set the parameters on the Axis Parameter Settings Tab Page.
The following figure shows the axis parameters for the unit conversion settings.

Unit of display: pulse
Command pulse count per motor rotation: 8,388,608 pulse/rev

Work travel distance per motor rotation: 8,388,608 pulse/rev

¥ Unit

Fﬂ Unit of display O pulse @ mm ® um @® nm @ degree @ inch
e ¥ Travel Distance

Command pulse count per motor rotation 8388608 R ]

ﬂ © Do not use gearbox
Work travel distance per motor rotation [EREERE] pulse/rev ——- (2)

Operation Settings
Maximum velocity: 419,430,400 pulse/s (3,000 r/min)
Maximum jog velocity: 8,388,608 pulse/s (60 r/min)

¥ Velocity/Acceleration/Deceleration

Maximum velocity 413430400 TR Velocity warning value [ NG
Start velocity [ING] oulse/s

Masimum jogvlocy b
Maximum acceleration v p 2 Acceleration warning value %
Maximum deceleration [ 2 Deceleration wamning value %

Acceleration/deceleration over [Use rapid acceleration/deceleration (Blending is chanqed to Buffered] v

Operation selection at Reversing [Deceleration siop v |

¥ Torque
Positive torque warning value [ Negative torque warning value |

¥ Monitor

In-position range pulse In-position check time ms
Actual velocity filter time constant ms Zero position range pulse

Position Count Settings
Count mode: Linear mode

Count mode ) Linear mode @ Rotary mode
Modulo Maximum POSItion ity vune meEEEETEEEs | Jlse
Modulo minimum position setting value pulse

Encoder type [Absolute encoder ¥
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3.3.3. Setting the Network Configuration

1. | Double-click NX-ECC203.

Multiview Explorer

new_Controller 0 2

v

Expansion Racks Tab Page.

Multiview Explorer

new_Controller 0 v
b4 Configurations and Setup
Eth

2. | Drag a system unit device to the location where you want to add it in the CPU and

In this example, drag the NX-PF0630 Additional I/O Power Supply Unit.

H Serial Interface Unit
H RFID Device

I Safety CPU Device

[ Safety Digital Input Device
I Safety Digital Output Device
H 10-Link

M Show all versionf
ﬂ NX-PCO010 Ver:1.0

ﬂ NX-PC0020 Ver:1.0
ﬂ NX-PC0030 Ver:1.0

ﬂ NX-PD1000 Ver:1.0

Expansion Racks Tab Page.

Vultiview Explorer

A4 Configurations and Setup

01

13- PFOGE

Sl BB rode : NX-ECC203 (E00T) X

new_Controller 0 v ‘ l ‘ 2

3. | Drag a safety CPU device to the location where you want to add it in the CPU and

In this example, drag the NX-SL3500 Safety CPU Unit.

Toolbox

1 Serial Interface Unit
H RFID Device

H System Unit Device
I Safety Digital Input Device
I Safety Digital Output Device

H 10-Link

Input Keyword
M Show all versions
I:I MNX-SL3300 Ver:1.1




Drag a safety digital input device to the location where you want to add it in the CPU
and Expansion Racks Tab Page.
In this example, drag the NX-SID800 Safety Input Unit.

I Serial Interface Unit
E RFID Device
A System Unit Device

] Safe CPU Device
Multiview Explorer [1]5 Digital Input Device

I Safety Digital Output Device
new_Controller 0 v H 10-Link
b A Configurations and Setup limput Keyword
¥ o Etl T

B Show all version:

NX-5ID&00 Ver:1.0
Safety Input Uni

Drag a digital input device to the location where you want to add it in the CPU and
Expansion Racks Tab Page.
In this example, drag the NX-ID4342 Digital Input Unit.

Toolbox ~ 1

Al groups

H Digital Input Time Stamp De
1 Digital Mix Device

H Digital Output Device

H Digital Output Time Stamp [
H Analog Input Device

F Analrn Ohitrurt Naviea

Input Keyword
B Show all versions

I] NX-1A3117 Ver:1.0

I] NX-1D3317 Ver1.0
I] NX-1D3343 Ver1.0

I] NX-1D3417 Ver1.0

Multiview Explorer A . I

new Controller 0 v ‘ l ‘

A4 Configurations and Setup

I] NX-1D3443 Ver1.0
I] NX-1D4342 Ver1.0
I] NX-1D4442 Ver1.0
I] NX-1D5142-1 Ver:1.0

I] NX-1D5142-5 Ver:1.0

I MNX-1D5342 Ver1.0

2 M It Lnit

Turn ON the power supply to all devices.
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3.3.4. Setting to Transfer Data from the Standard Controller to the Safety Controller

1

Select new_SafetyCPUO from the list.

Multiview Explorer - = R[]

new_ConlmIler_d v

new Controller 0

Unit 1:

Unit 2:

Multiview Explorer
[ new SafetyCPUG ~

A4 Configurations and Setup

v cations

Comment

Select new_Controller_0 from the list.

Open the I/0O Map and create device variables.

Port Variable name
ErrorClearFromNX ErrorClearToSafetyCPU
Input Bit 00 ErrorClearSW

Data Typ
0

Configuration; and Setup

BOO ErrorClearToSafetyCPU Global Variables

Bit 00 put Bit 00 BOO ErrorClears | Global Variables

Double-click Section0 to create a ladder program that transfers ErrorClearSW to the

safety controller.

Multniew Explorer

new_Controller_0 2 | ﬂ

[ 3 Configurations and Setup

ErrorClearToSafetyCPU

v, wawwoy buny




3.3.5. Setting the Safety Controller

This section describes how to set safety input devices.

1.

Select new_SafetyCPUOQ from the list.

Multiview Explorer wcoivioi: w

new_Controller 0 v |

new Controller 0

Double-click Parameters.

Multiview Explorer
new_SafetyCPUO

A4 Configurations and Setup

munications

NXBusMaster/Unit3 : NX-SID800 (N3 : Instance1)

Safety-door Switch for Dual Channel

si00

sio1
<1 10
P m
» s
» sios
W sios
W sios
P sios
> sio7

<Search> v

¥ Input Device: Safety Switch

Two-hand Swil

(e[ %] / oo o e e o | Gel e

Emergency Stop Switch for Dual Chaf

Emergency Stop Switch for Single Ch

Safety-door Switch for Dual Channel
Safety-door Switch for Single Chann
Safety Limit Switch for Dual Cha

Safety Limit Switch for Dual Channel

Safety Limit Switch for Single Chann

Safety Key Selector Switch for Dual C}

Safety Key Selector Switch for Dual C}

ector Switch for Single

Drag two safety key selector switches for single channel to the desired I/O terminals.
Note1: Used in Chapter 4.

<Search>

¥ Input Device: Safety Switch

Safety-door Switch for Dual Channel Equivalent]

NXBusMaster/Unit3 : NX-SID800 (N3 : Instance1)

Si00
PPy Sio1

T

T

Safety Key Selector Switch for Single Channel

ﬁ - sio2
[ 4w

Safety Key Selector Switch for Single Channel

=

P sios
P sios
P sio7

8i00,:8i01

TO T

O T

Si04;:Si05

|/ |o|ejor jem]emlexitol

Emergency Stop Switch for Dual Channel Equivalent
Emergency Stop Switch for Single Channel
Safety-door Switch for Dual Channel Equivalent
Safety-door Switch for Dual Channel Complementary
Safety-door Switch for Single Channel

afety Limit Switch for Dual Channel Equivalent

ety Limit Switch for Dual Channel Complementary

afety Limit Switch for Single Channel
Two-hand Switches
Safety Key Selector Switch for Dual Channel Equivalent

Safety Key Selector Switch for Dual Channel Complemen|
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Drag an emergency stop pushbutton switch to the desired I/0 terminal.

¥ Input Device: Safety Switch

M Emergency Stop Switch for Single Channel

Safety-door Switch for Dual Channel Equivalent INXBusMaster/Unit3 : NX-SID800 (N3 : Instance1)

Safety Key Selactor Switch for Single Channel

B

Safety Key Selector Switch for Single Channel
» = 4

Emergency Stop Switch for Dual Channel Equivalent)

g

5i00

T 500, 501

0TI

l] Safety-door Switch for Dual Channel Equivalent

l] Safety-door Switch for Dual Channel Complementary

l] Safety-door Switch for Single Channel

Switch for Dual Channel Equivalent

it Switch for Dual Channel Complementary

Safety Limit Switch for Single Channel

B - anc Swiches

Safety Key Selector Switch for Dual Channel Equivalent
Safety Key Selector Switch for Dual Channel Complemenf
Safety Key Selector Switch for Single Channel

n Enabling Switch

Drag a reset switch to the desired 1/0 terminal.

Input Device: Safety Switch
Input Device: Safety Sensor
Input Device lty Device

EDM Feedback

Safety-doar Switch for Dual Channel Equivalent

NXBusMaster/Unit3 : NX-SID800 (N3 : InstanceT)

5i00

siol

B

Safety Key Selector Switch for Single Channel

T0
il

5i02

r=——

Safety Key Selector Switch for Single Channel

T

5i03

P e —

Emergency Stap Switch for Dual Channel Equivalent)

il

$ E—

[/ Reset Switch with Test Pulse

—~ |

—

5i05
T
il

5i06
T

si07

Input Device: Standard Input Device

Reset Switch without Test
P Input Device: Generic
P Output Device: ith forcibly Guided Contact

» Output Device: Generic Device

Double-click I/O Map.

Multiview Explorer

[ new_SafetyCPUO v |

hd Configurations and Setup

v '_. Communications

» B Saf

¢ Settings
& /O Map

Create device variables for the safety input devices.

Port

Variable name

Si00 Logical Value

S|_DoorSwitch

Si02 Logical Value

SlI_KeySelectorSwitch1

Si03 Logical Value

S|_KeySelectorSwitch2

Si04 Logical Value

SI_E_Stop

Si06 Logical Value

S|_ResetSignal

Position Port
¥ & EtherCAT Network
EtherCAT | Master
Node1l »  R88D-1SNO1L-ECT-51
Node2/Ur w  NX-SIDBOO
¥ Safety Inputs

Si00 Logical Value
S5i01 Logical Value
Si02 Logical Value
5103 Logical Value
Si04 Logical Value
S5i05 Logical Value
Si06 Logical Value

RW | Data Ty; | Variable iy Variable Comment i/arlahlg;l'y;

SAFEBOOL NI

slobal Variables

SAFEBOOL

[Y123:Tle NS | KeySelectorSwitchl |Global Variables

P23 10l /S|_KeySelectorSwitch2 Global Variables

23 Tele /S| E_Stop

Slobal Variables

SAFEBOOL

L1153 Tele /S| ResetSignal

Global Variables




Double-click SRA Parameters.

10.

Deactivate safety functions except for the STO function.
Clear the selections of the Active Check Boxes for SS1 instance1 to deactivate the

unused safety functions.

-

Safety Functions Command

nd1
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3.3.6. Creating a Safety Program
Create a safety program by following the steps below:
1. Create device variables.

2. Create a safety program using the Automatic Programming function.

3. Modify the created safety program.

1. Create device variables.

Multiview Explorer

. new_SafetyCPUD v
bJl Configurations and Setup

T.# Communications

1. | Select new_SafetyCPUO from the list and double-click I/O Map.

2. | Create device variables.

Port

Variable name

Safety Connection Status for NX-SID800

N3_Safety_Connection_Status

STO Active for R88D-1SNO1L-ECT-51

E_AxisO_STO_Active

Error for RB8D-1SNO1L-ECT-51

E_AxisO_Error

Safety Connection Status for R88D-
1SNO1L-ECT-51

E_AxisO_Safety Connection_Status

STO for R88D-1SNO1L-ECT-51

E_AxisO_STO

Error Ack for R88D-1SNO1L-ECT-51

E_AxisO_Error_Ack

RT3 TeTo N 3 Safety Connection_Status

Safety Input Terminal Status R SAFEBOOL

E_Axis0_STO_Active

lobal Vaniables

TeleME AxisO_Error

(Global Vanables

£_Axis0_STO

E_AxisO_Safety_Connection_Status Global Vaniables

lobal Variables

ey y SAFEROOD | VoI o




2. Create a safety program using the Automatic Programming function.

1. | Click Automatic Programming from the Insert Menu.
1 v @ @ Controller
' Application Manager
Multiview Explorer Safety Network Controlier *
Drive
HMI
Measurement Sensor
Vision Sensor
Slave Terminal
Program
Function Block
| @ Programming
2. | Setthe reset signal to S/_ResetSignal in the Basic Settings Field.
¥ Basic Settings
M 51 ResetSignal | |
3. | Set SI_E-Stop and SI_DoorSwitch in the Input Settings Field.
¥ Input Settings
[ No. ' | Comment 1 ResetType | FunctionBlockName | ||
2 I | SL_DoorSwitch I | Manual SF_GuardMonitoring | H
4. | Set E_AxisO_STO in the Output Settings Field.
Set the Use EDM Column to TRUE.
No. | - Variable | Comment | UseEDM | I
e O
5. | Set the E_AxisO_STO Column to 0 for the SI_E-Stop and SI_DoorSwitch variables in
the Expected Value Settings Field.
¥ Expected Value Settings
Variable Comment Reset Ty e E_Axis0_STO
51_E_Stop Manual _
51_DoorSwitch Manual _
6.
Generate Register Variables
AutoProgram1 is added.
Multiview Explorer
[ new_SafetyCPUD
Y
¥ @ POUs
1 Programs
2% AutoProgrami
B5i Frogramu

3. Modify the created safety program.
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Double-click AutoProgram1.

Multiview Explorer

new_SafetyCPUD v |

g rogormine |

¥ @ POUs

AutoProgram1

i Frogramu

The program shown below appears.

1

OC_ResetSignal 0

OC ResetSignal
5I_ResetSignal Reset ResetSignal Cut —— SI_ResetSignal_Out

t#350ms |ResetPu155W1dth

5F_EmergencyStop 0

‘ SF_EmergencyStop
TRUE Activate Ready — SI_E_Stop_Out
SI_E_Stop 5_EStopIn 5_EStopOut
FALSE 5 _StartReset Error —
FALSE ‘S_Am:oREset DiagCode —
S5I_ResetSignal Cut 4Reset

SF_GuardMonitoring 0

‘ SF_GuardMonitoring

TRUE Activate Ready — SI_DoorSwitch Cut
5I_DoorSwitch 5 GuardSwitchl 5_GuardMonitoring
5I_DoorSwitch 5_GuardSwitch2 Error—

t#ls DiscrepancyTime DiagCode —

FALSE ‘S_Startlleset
FRLLSE 5_RutoReset

S5I ResetSignal Cut Reset

SI_E_Stop_Cut ‘ & E_Axis0_S5STIO_In

SI_DoorSwitch_Qut

SF_EDM 0
| SF_EDM
TRUE Activate Ready [— E_Axis0_STO
E_Axis0_S5STO_In 5_OutControl 5_EDM Cut
SF EDM 0 S EDM1 ‘sfznm Error —
SF_EDM 0 S EDM2 ‘SﬁEDMZ DiagCode
t#300ms MonitoringTime
TRUE 5 _StartReset
SF_EDM 0_Reset Reset

Add the code to assign ErrorClearFromNX to the ResetSignalFromNX local variable.

ErrorClearFromNX Reset3ignalFromWX




Add the following code.
This is used to enable the function block that uses safety functions of the Servo Drive.

e T

E Axis0D Error E Axis0 Safety Connection Status ‘ & E Axis0 Status

Set the input parameter to the Activate input variable to N3_Safety Connection_Status
in the SF_GuardMonitoring function block.

When the FSoE communications are established for the NX-SID800 Safety Input Unit,
this function block is enabled.

SF_GuardMonitoring_0
SF_GuardMonitoring

l N3_Safery_ Connection Status Activate Ready — 5I_DoorSwitch_out
SI_DoorSwitch |5_GuardSwitchl 5_GuardMonitoring
5I_DoorSwitch 5_GuardSwitch2 Error—
tfls DiscrepancyTime DiagCode —

FALSE 5_StartReaset
FALSE 5_AutoReset

SI_RezetSignal_Out —Reset

Change the output variable from E_AxisO_STO_IN to E_AxisO_STO_IN1.

S
SI_DoorSwitch Out & E Axis0_ST0_Inl

SI_E_Stop_Out

Add the following code.

The STO command is enabled by the emergency stop input or a Safety-door Switch,
and sometimes by another device such as a robot. When the other device enables the
STO command, assign the STO signal from the other device to TRUE.

AND
E_Axis0_STO_Inl & E_Axis0_STO_In_ALL

TRUE
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Set the input parameter to the Activate input variable to E_AxisO_Status and the input
parameter to the Reset input variable to SI_ResetSignal_Out and the input parameter
to the S_EDM1/S_EDM?2 input variable to E_AxisO_STO_Active in the SF_EDM
function block

When the FSoE communications are established between the safety controller and
Servo Drive and there is no error of safety functions in the Servo Drive, this function
block is enabled.

SF_EDM 0
i SF_EDM
LWW_'&M Ready - £ Axis_STO
E_Axis0_STO In ALL 5_OutControl 5_EDM Out

E_Axis0_STQ Active

E 5_EDM1 Error —
i e L DiagCode —

t$#300ms MonitoringTime

TRUE 5_StartReset

Add the code to reset errors of safety functions in the Servo Drive.

QC_SF_ResetSafetyError_0

0OC_SF_ResetSalfetyError
E_Axis0_Safety Connection_Status Activate Ready — E_Axi=0 Error Ack

ResetSignal FromNX Reset ErrorAck

t#350ms |ResetPulSEW1dth




Check that the created program is the same as shown below.

1

OC_ResetSignal 0

0C_ResetSignal
SI ResetSignal — Reset ResetSignal Out —— SI ResetSignal Out

t#350ms |ResetPulaeIi‘idth

ErrorClearFromNX —— ResetSignalFromNX

= =

E Axis0 Error E Axis0 Safety Connection Status | & E Axis0 Status

| E—

SF_EmergencyStop_0

| SF_EmergencyStop
TRUE — Activate Ready — SI_E_Stop Out
S5I_E Stop |57E51:op1n 5_EStopQut
FALSE |575tul‘tR.EEEt Error—
FALSE 5_AutoReset DiagCode —
S5I_ResetSignal Out «‘Reset
SF_GuardMenitoring_0
SF_GuardMonitoring
N3_Safecy Connection Status — Activate Ready — SI_DoorSwitch Out
5I DeorSwitch |5 GuardSwitchl 5_GuardMonitoring
5I_DoorSwitch 5_GuardSwitch2 Error—

t#ls — DiscrepancyTime DiagCode —

FALSE —|S_StartReset

FALSE |3_AutoReset

SI_ResetSignal_Out —Reset

SI_DeorSwitch_Out E_Axis0_STO_Inl

SI_E_Stop_Out

E_Axis0_STO_Inl & E_Axis0_STO_In ALL

TRUE

E_Axis0_Status E_Axis0_STO

E Axiz0 STC In ALL |570u1:Cnm:rcl 5_EDM Out

E_RAxis0_STO Active |5_F_]]Ml Error

E Axiz0 STC Active |57EDH2 DiagCode [
t#300ms IMDnltnrlnngme

TRUE 5_StartReset

SI_ResetSignal_Out —Reset

0C_SF ResetSafetyError 0

OC_SF_ResetSafetyError
E_Bxis0_Safety Connection_Status —Activate Ready E_Bxis0_Error Ack
ResetSignalFromN¥ — Reset ErrorAck

ResetPulseWidth

t$350ms
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10.

Delete ProgramO.

Multiview Explorer

| 3 Configurations and Setup
A\l Programming

ograms

AutoProgrami

11. | Connect to the standard controller.
Change the connection method.
sject  Controller  Simulabon Tooks  Help
e
Test the connection.
'lcnmm\lnmmsnup
USHIBHIV.AIIL‘-"L Text Ethermet C k et
Confirm that Test OK is displayed and connect to the standard controller.
k=
&
Lk
12. | Transfer to the standard controller.

Click the Synchronization Button to synchronize with the standard controller.

Transfer to the standard controller.

Il be re-transferred when this option is changed.

and NX Unit application data.

i <., tag data link settings).

m All' data will be transferred because the proj the computer and the controller are different.

Transfer To Controller | | Transfer From Controller




13.

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0 v

moass Cmmbenllas N

new_saretyLPUl g
W i ktherCAl Lo ¥

Click the PROGRAM Mode Button to switch to PROGRAM mode.
|

B "‘g

PROGRAM Mode

Click the DEBUG Mode Button to enter DEBUG mode.

.

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

e ———————
i
’ tw
. Start Debugging .

Click the Safety Validation Button.

Safety Validation

The safety application is now ready to run.

| Safety Validation
| -

Safety CPU Unit will start in RUN mode on next startup

[“on |
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14.

The FSoE communications are now established.

The FS indicator is lit in green.

MRS AC SERVO

0 Etheraifg—"

RBB0—-1SA8] =rwm
CIH-ECT =ERR

—
[Displays FSoE | [ON" | FSoE slave connection established |
Flashing FSoE slave connection establshment in
status. progress
Flashing Safety Parameter Emor, Safety
Communications Timeout, or other
emors
OFF The safety functions are disabled by

FSoE, the power is not supplied, or a
fatal emor including Self-diagnosis Emor




3.3.7. Checking Operation of the STO Function

B Checking operation of the STO function using the Emergency Stop Pushbutton Switch

1. | Press the safety rest button.

L

2. | Press the Emergency Stop Pushbutton Switch.

&

Check that the 7-segment LED display shows ‘st’.

— o
-

3. | Release the Emergency Stop Pushbutton Switch and press the safety rest button.

¢

Check that STO is released and the 7-segment LED display shows *--".
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B Checking operation of STO function using Safety-door Switch

1.

Press the safety rest button.

o

Open the guard with the Safety-door Switch.

Close the guard and press the safety reset switch.

Check that STO is released and the 7-segment LED display shows ‘--'.




I 3.4. Motor, ABS Encoder and I/O Setup

B Quick Parameter Setup and I/O Monitor Wizard

1.

Right-click the Servo Drive and select Setup and Tuning from the menu.

Motor and Encoder

Test Run
Damping Control
Initiakize

Properties

= Direct Connection (USB)

Click the Quick Parameter Setup and I/0O Monitor Button.
Setup and Tuning Portal

You can do Quick Parameter Setup, /O Monitoring and Tuning easily.

¥ Quick Parameter Setup and I/O Monitor

Quick Parameter Setup and I/O Monitor

Setup basic parameters quickly and monitor /O signals.

¥ Tuning (Single Drive)

Chaose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability

Tune based on simple steps. analysis results.

Tune based on setting the machine rigidity.

Select whether or not an OMRON Controller is connected.

When using 1/O features of the Servo Drive in the motion control (MC) function module
of the OMRON Controller, select Use for the recommended settings. (Related inputs:
IN2: POT, IN3: NOT, IN4: DEC, IN7: EXT1, IN8: EXT2, How to Use Absolute Encoder:
Use as absolute encoder but ignore multi-rotation counter overflow)

Only if you are using a motor with absolute encoder, Selects the operating method for
the absolute encoder.
~How to Use Absolute Encoder —

@ Use as absolute encoder

@ Use as incremental encoder

O Use as absolute encoder but ignore multi-rotation counter ovarflow

Transfer To Drave

ting changes 4510.01 hex 'Operation Selection when Using Absolute Encoder’.

Absolute encoder can be used as an incremental encoder if needed. When the OMRON
Controller is used, it is recommended to keep the default value ‘Use as absolute
encoder but ignore multi-rotation counter overflow’ (as described in step 3).
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5. | Set up the absolute encoder (if required).

~Satup Absolute Encoder

Launch Mator and Encoder view

Servomotor in the actual machine.
Resetting multiple rotation data

Click the Clear system Button.
—

=N

¥ Encod:

K Encoder -
E  Encoder - nooder Unit
E tations

E
]
]

¥ Operations

l:l Multiple rotation data will be cleared, and the machi stem will change to a new position data system

The following message appears: Restart the drive to complete the operation.
Click the Yes Button.
CiEE

E Encoder - Enc

Restart the drive to complete the operation.

¥ Operations Do you want to restart the drive now?

Clear system A Yes No system will change to a new position data system.
~CumentAlarm ————————————————
Event Name | Eror Code
Absolute Value Cleared ~ 27.01

Reset alarm

Reset Communications Error Count

Reset Motor Replacement Detection error

Multiple rotation data of the encoder has been cleared.

Encoder - Resolution per Rotation 8388608

Encoder - One-rotation Data 459902 Encoder Unit
Encoder - Multi-rotation Data 0 Rotations.

ENCOQET - CIECITIC ANgle w5 oegree

Encoder - Mechanical Angle 19 degree

Encoder - Encoder Temperature 42°C

¥ Operations

Clear system A Multiple rotation data will be cleared, and the machine g

~Current Alarm
Event Name | Emor Code

Reset alarm
Reset Communications Error Count

Reset Motor Replacement Detection error

Use this function when clearing the multiple rotation data or when replacing a

52



Select the motor rotation direction and transfer the settings to the Servo Drive.

Perform a test run to check the behavior of the Servomotor.
Click the Apply Button in the Test Run tab page and then click the Servo ON Button to
start the test run.

~Configuration
Operation Direction
]

Target Speed

Acceleration/Deceleration Time

Step Distance

m Command Unit
m shaft revolutions

Number of Cycles

Dwwell Time

ICE

Apply

~ Motion

: Actual Current Position
~Motion

Actual Current Position 17381 2 |8 Tu= e
1758140500 ReluLELL RN Actual Current Speed

Actual Current Speed ‘ rpm
I

Servo ONM

Servo OFF

4 B

Note: When the Error Stop Input (ESTP) (Error No. 87.00) occurs, check wiring
connection or turn OFF the Error Stop Input (IN1) as explained in the next step.

Click the Next Button.
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Set input signals and transfer the settings to the Servo Drive. Perform a test run to
confirm that the settings are correct.

The Error Stop Input (ESTP) is ON by default. Turn it OFF as follows if necessary.
When ESTP is ON, the Error No. 87.00 is displayed on the Servo Drive.

» Input Signals setting p [y 4]

~Input Signals
Signal active Physi
condition _signal s

® High

O Low

IR~ @ M
O Low

e s il
O Low
O High

lome Proximity Input - Port Selec v
® low

peE T PorSekean ] @ Hiah

@ Low
O High
@ low

el R g T Porsaea v & Hioh

® low

Monitor Inp - Port Selection (M v

Il ek 2 Porsde v © Hiah
@ Low

Return to Factory Setfing

Back to Portal

Set output signals if necessary and transfer the settings to the Servo Drive. Perform a
test run to confirm that the settings are correct.

10.

Click the Finish Button.




I 3.5. Gain tuning

The 1S series provides two auto-tuning functions. For details on the procedures, refer to Easy
Tuning and Advanced Auto-Tuning respectively.

3.5.1. Easy Tuning
This function adjusts the gain automatically while the Servomotor is actually operated based on
commands from the Controller or operation conditions that are set on the Sysmac Studio. It is
possible to select the single drive or multiple drives tuning method. In the system with the
synchronized axes, you can adjust the gain at the same time in a short time by the use of the
easy tuning for multiple drives. For the setup and tuning of multiple axes, refer to the AC Servo
System Startup Guide for Multi-axis Setup and Tuning (Cat. No. 1827).

1. | Right-click the Servo Drive and select Setup and Tuning from the menu.

<t Connection (USE)

2. | Click the Easy Tuning Button.
Setup and Tuning Portal

You can do Quick Parameter Setup, I/O Monitoring and Tuning easily.

¥ Quick Parameter Setup and I/C Monitor

Quick Parameter Setup and 1/O Monitor

Setup basic parameters quickly and monitor 1/O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability

i =
une based on simple steps. Snhmnl

Tune based on setting the machine rigidity.

3. | Select Simple for the tuning method and click the Next Button.

x|
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Profile and Criteria
Set the motion profile generator.

Configure auto tuning behavior and criteria of finishing auto tuning.

‘¥ Moation Profile Generator

@ The Motion Controller will perform the motion profile

© Sysmac Studio (ot the Motion Controller] will perform a Cyclic
Note: Drive Prohibition function (3810.01 hex) and Software Position Limit function (3811.01 hex) are disabled by default. n
Direction

Step Distance [l @ FEICEE O Command Unit

o EXV I <haft revolutions
25165824 [RTHERY
69905060.6607 JRIEEIE

Acceleration/Deceleration Time ms

Reset to default settings

'w Criteria for finishing Auto Tune

Stabilization Time @ Manual © Best Effort
50 -

Vibration detection level %

Position window EEErgE] Command Unit
B pulse
Respansiveness () Focus on tracking @ Focus on overshoot suppression
Movement interpolation Q) Smooth @

Reset to default setti

Set the criteria for finishing auto tuning.
Click the Next Button.

w Criteria for finishina Auto Tune

Stabilization Time @ Manual © Best Effort

Vibration detection level %

Position window 2000 * Command Unit
2000 g

Responsiveness ) Focus on tracking @ Focus on overshoot suppression

Mavement interpolation ) Smooth @ Linear

Reset to default settings

« When you select Manual for stabilization time, gain will be increased gradually until
the stabilization time reaches the specified time. Specify the following error for the
position window to determine that the positioning is completed. If a vibration above
the vibration detection level is detected during tuning, an adjustment failure will
occur.

« When you select Best Effort for the stabilization time, gain will be increased
gradually so that the vibration does not exceed the vibration detection level. Set the
vibration detection level so that the machine does not vibrate. The lower the
vibration detection level, the less likely it is to generate vibration, but the gain is
less likely to increase.




Click the Start Button.
Be careful because the Servomotor will start running.

3 3 to Tune Monitor p n 3 B

A\ Click Start button to start tuning.

Start Force Axis Stop
Note: Navigating away from this view when tuning is in progress will stop the operation.

Trial Number [Times]

Stabilization Time [ms]

Easy Tuning has been completed.
1

2 3
o=

16.0
Tuning has been completed successfully.

Stabilization time: 33 ms (target: 50 ms).
The gain and other settings are restored as per trial number 3.

Click the Next Button.

Click the Start Trace Button. The Servomotor will run, and the traced data will be
displayed in the graph area.

button will make the motor move cyclically.

ELLL e gFE B
evice Name | Name | Uniits ; num|Maximum|Average|X Offset|Y Offset|¥ Axis Min.[¥ Aois Ma Comment
Velocity Detection - Present |[OTG] 508 219.83 |y 0 0 3221.82
Position Command - Motor iG] 3 500 219.78 |y 0 0 0.84
Torque demand (16 bit) % -2 2 1.5954 [ 0 0 OD: 0x6074.00
0 0

Position Command - Followit| OD: 0x3010.92

0
0
0
0

Time (ms)

Back to Portal

Click the Next Button.

< Back MNext
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Check the tuning results of the gain parameters.
Click the Save to EEPROM Button to save the gain parameters.

Description ¥ | Drive Value ¥ | Default ¥ | Range ¥ Units

= 3001.01 Machine - Inertia Ratio
3011.03 Pasition Command Filter - IIR Filter Enable
3011.04 Position Command Filter - IIR Filter Cutoff Frequ.
301201  Damping Control - Damping Filter 1 Selection 02 Disabled
3012.02 Damping Control - Damping Filter 2 Selection 0: Disabled
301201  Damping Filter 1 - 1st Frequency 3000
3013.02 Damping Filter 1 - 1st Damping Time Coefficient 100
3013.03 Damping Filter 1 - 2nd Frequency 3000
3013.04 Damping Filter 1 - 2nd Damping Time Coefficient 100
3013.05 Damping Filter 1 - 3rd Frequency 3000
301306  Damping Filter 1 - 3rd Damping Time Coefficient 100
3013.07 Damping Filter 1 - 4th Frequency 3000
3013.08 Damping Filter 1 - 4th Damping Time Coefficient 100
3014.01 Damping Filter 2 - 1st Frequency 300.0
3014.02 Damping Filter 2 - 1st Damping Time Coefficient 100
3014.03 Damping Filter 2 - 2nd Frequency 300.0
301404  Damping Filter 2 - 2nd Damping Time Coefficient 100
301405  Damping Filter 2 - 3rd Frequency 3000

= 3014.06 Damping Filter 2 - 3rd Damping Time Coefficient 100

—Apply Changes
Save to EEPROM  Save the results to the drive EEPROM.

Copy Settings Apply current settings to other drive(s).

Back to Portal

Click the Finish Button.

Finish

250

1

219

L]

1]

100

100

100

100

100

100

100

0 to 30000
Oto1

1.0 to 5000.0
Dtod
Otod

0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200
0.5 to 300.0
50 to 200




3.5.2. Advanced Auto-Tuning

This function uses FFT measurement data-based simulation to adjust the gain and filter settings
automatically. Repeating actual Servomotor operation is not necessary, and a fine adjustment

is possible in a short period of time.

B How to Perform Advanced Auto-Tuning

Over
view | | seryooN

SERVO OFF

| SERVO ON

trial with actual machine.

Estimate inertia
FFT analysys

Adiust:- gains,
filters, maps

Simulate in
frequency domain

Simulate in time

Below example explain the way to tune a 1S servo drive and motor with Advanced
Auto-Tuning. This method of tuning decrease dramatically the number of tests and

Check
behaviour

1. Please right click to the drive and select “setup and tuning”

You can do Quick Parameter Setup, I/O Monitoring and Tuning easily.

¥ Quick Parameter Setup and I/0O Monitor

Quick Parameter Setup and 1/O Monitor

Setup basic parameters quickly and monitor /O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

2. Please select Advanced Auto-Tuning

Setup and Tuning Portal

Easy Tuning Advanced Auto-Tuning

Tune based on simple steps. Auto-/Manual tuning based on FFT stability Tune based on setting the machine rigidity.
analysis results.

Manual Tuning
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Configuration (Wizard Step 1)

Please select your control mode

Configuration p

¥ Select Control Type
Control Mode

Please estimate the load characteristics by pushing start (the motor will move)
If Easy Tuning has been performed already, please select “‘use present setting”

Contral Type

¥ Load Character

Load characteristics have been updated

v Load Characteristic Settings
© Estimate load characteristics of the mechanical system before tuning operation @ Use present setting
Sysmac Studio (not the Motion Gontroller) will perform a Cyclic Step Note: If the settings do not match with current load characteristics,
. the accuracy of tuning will be lower.
Direction G i
Current setfings on the drive:
Step Distance [ @ EERCEEEYI Command Unit Inertia Ratic [N %
(o) EREE st revolutions Viscous Friction Coefficien
StepJog Speed w (IR .
Acceleration/Deceleration Time ms Dynamic Friction Compensation (Positive [JIIE
Resel to default settings Dynamic Friction Compensation (Negative [JIIEN] %

A\ Click Start button to start estimation. CAUTION: The motor will be started.

Start
Load characteristics settings estimated successfully.
Note: Drive Prohibition function (3810.01 hex) and Software Position Limit function (381

Mote: Parameters will be overwritten with current drive parameters,

Click Next

Advanced Auto-Tuning (Wizard Step 2)
Set the tuning finish criteria and the tuning level.
Click Start to start auto tuning.

(The Servomotor rotates, and the cycle of measuring FFT characteristics and adjusting
gains and filters is repeated.)

Operation area

Tuning criteria ) Focus on positioning @ Focus on following
Tuning level @ High O Middle @ Low

Tuning control Start Click Start button to start tuning. 4} CAUTION: The motor will move and vibrate.

® Although vibrations may occur when Advanced Auto-Tuning is being executed, the
tuning process will be completed successfully.




Advanced Auto-Tuning has been completed.

Tuning Area

Peak gain of Speed Closed Loop

¥ Torque Filter

Sr e Tuning has been completed successfully.

13

Frequency [

Peak gain of Position Closed Loop Qualue
Depth dB

» Notch Filter 2

» Notch Filter 3

» Notch Filter 4

Frequency response simulation (Wizard Step 3)

The Advanced Auto-Tuning results will be displayed in Bode diagrams.

32 7
Speed Proportional (Hz)

Gain (dB)

Coupled

Speed Proportional H: — —

Speed Integral g

Position Proportional Il z

4 Enable Coupled

Torque Filter % Hz

¥ Torque Filter

¥ Notch Fiter 1
EiEnable  Frequency [JIB

oo BRI = — —

» Notch Filtar 5

100 Transfer To Drive
Frequency (Hz)

Check the result. If you are satisfied with it, proceed to step 12 (Wizard step 5). If you
need more tuning, perform step 6.

FFT measurement

Please start the trace (FFT measurement will be performed, the motor will move slightly)

Reference Speed Amplitude r/min  Speed Offset _ r/min Speed Amplitude Gain % Sampling Cycle I

Acceleration/Deceleration Time ms Swept Start Waiting Time ms Moving Average Number

FFT measurement and simulated values are displayed (Gain and Phase)
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Adjust gain and simulate
Adjust the gain to a proper value and push “refresh simulation”

Peak gain for Speed Closed Loop

100
Decrease Steady State Error .
40

Decrease Stabilization Time

32 79 199 500
Speed Proportional (Hz)

2 E - 5 dB

% SpEEd proponm Hz

Speed Integral (Hz)

Peak gain for 5

Legend

1000 1000
Pink curve is the measured value
Red curve is the simulated value




Adjust notch filters and simulate

After increasing gains, the gain simulation shows a peak near 0dB. This peak shows a
resonance frequency:

Gain (dB)

T ] |
100 1000
Frequency (Hz)

¥ Motch Filter 1

E Enable Frequency 2411

1000
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Increase gain with Maps and simulate

After activating the notch filter, gain can be increased and performance improved

FROM Peak gain for Spe

Before notch filter adjustment

1000 1000

Click Next

Transfer To Drive

10.

Time response simulation (Wizard step 4)

In time response simulation, the motion profile can be simulated.
Please push “Simulate Motion Profile”

~Motion Profile

25165824 © HEES Sl Speed
-m shaft revolutior N Time

Simulate Motion Profile
(8

X Axis Time [ms) + ‘—‘ 4> IIEp <0~

Visible! | Name | Units 1X Offset!Y Offset
[ | == sition Command - Positicn  command unit [

The chart is updated and shows:
- The speed command, speed detection simulation

simulation.
If necessary, please adjust gains:

and following

error




25165824
3000

v Torque and Position Com
% Enable

0
0
0
0
0
o

v Feed-Forward Gain
@@ Position Command - Motor Vel @@ @ » Position Command - Following Eror After Inerpolation C @)J@)@ _ Velociy Detection - resent Motor Ve

Gan |
Torque FF LPF (1] | EEKN +=

Transfer To Drive

Back to Portal

If your application required a small tracking error, here is an example of position
following gain adjustment:

¥ Fead-Forward Gain ¥ Fead-Forward Gain

Torque FF Gain

Torque FF LPF

Following error has been reduced.

1. When satisfied with the simulation result, please transfer parameters to the drive
Click Next
12. | Check behavior (Wizard step 5)

Push start trace (the motor will move following the previous configuration in Wizard
step 3)

Force s Stop 4k CAUTION: Start Trace button will make the motor move cyclically.

g EFE B

(motion profile in Wizard step 3)

The chart is updated and shows:

- The speed command, speed detection, following error and torque.
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S e P ——

EE|¥ DNIRREE NG SEE BE @ - EEEF)

C1 1 Decetome | Name
o - imin

o= min 20
o & EN T ¢ 5 a1 m

=—— ErnEn [EF

| Units Minimum{Maximum| AveragelX OffselY OffsetY As Min.Y Axis Max|
0 506

1022 (O CHN [N [ 000522
o CHNN N O [ 00 0301034
4ot ENCHN [N VN 00 0-60740

o |&) T R CommandUnit 220 | -2 107831 47150. OO O [N 00 0301052

If satisfied, please click next

Data Source:
Captured
Captured
Captured
Captured

Time (ms)

Next >
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Results (Wizard step 6)

~ Related Parameters

|®| oo ¥ Description
> =m0
= 300101  Machine - Inertia Ratio
3011.03  Position Command Filter - IR Filter Enable
3011.04  Position Command Filter - IIR Filter Cutoff Frequ.
311201  ODF Velocity Feed-forward - Gain
311202 ODF Velocity Feed-forward - LPF Enable

311203 ODF Velocity Feed-forward - LPF Cutoff Frequen...

3113.01 ODF Torque Feed-forward - Gain
3113.02 ODF Torque Feed-forward - LPF Enable

3113.03 ODF Torque Feed-forward - LPF Cutoff Frequency

312001  TDF Position Control - Command Following Gain
312010 TDF Position Control - Command Following Gai...
312011 TDF Position Control - Command Following Gai.
TDF Velocity Control - Command Fellowing Gain
1st Pasition Control Gain - Proportional Gain
1st Velocity Contral Gain - Propertional Gain
1st Velocity Contral Gain - Integral Gain
15t Torque Command Filter - Enable
15t Torque Command Filter - Cutoff Frequency
Torque Compensation - Viscous Friction Coeff
Torque Compensation - Unbalanced Load Com
Torque Compensation - Positive Dynamic Frictio
Torque Compensation - Negative Dynamic Frict
15t Notch Filter - Enable
15t Notch Filter - Frequency

Save to EEPROM

~Apply Changes

Save to CEPROM  Save the results to the drive EEPROM.

0: Disabled

5000.0

00

0: Disabled

5000.0

1

10 : Use the Command Following Gain.
219

100

1: Enabled
1

00

00

0: Disabled
5000.0

Finish

0 to 30000
Oto1

1.0 to 5000.0
0.0 to 100.0
Oto1

1.0 to 5000.0
0.0 to 100.0
Oto1

1.0 to 5000.0
10 to 5000
QOto1

0.1 to 5000.0
10 to 5000
0.0 to 500.0
0.0 to 30000
0.0 to 1600.0
QOto1

1.0 to 5000.0
0.0 to 1000.0
-100.0 to 1...
0.0 to 100.0
0.0 to 100.0
QOto1

50.0 to 500...

port Export the results parameters into a .drvp file.

PP PrPrPrrPrPLrprPrLrrPFFrEFrrPFPLREPDRFEPDRDFERFD
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I 3.6. Creating a Motor Control Program

68

B Creating a Standard Program

1

Open the I/0 Map and create a device variable.

Port

Variable name

ECT-51

STO command active for R88D-1SNO1L-

E_AxisO_STO_command_active

» Digital inputs
P Mirror Safety controlword
W Mirror Safety statusword

STO command active
Mirror Safety Statusword 1

Mirror Safety Statusword 3

Digital inputs. 3
Mirror Safety controlword R
Mirror Safety statusword R
Mirror Safety Statusword 0 R
Mirror Safety Statusword 1 R

Mirror Safety Statusword 3 R

|
|

%obal Vanables

[E_Axis0_STO_command _active

Create the following

code:

1. The Servo is turned ON or OFF.

1

PWR

Axisl— Axis
CmdSmvOn pys Variable
Enable

TAC_Power

Axisf—AxisD
Ais Ve

Statu.

Busy |—Enter Variable

Error

ErroriD|

2. The Servomotor is run.
Set the velocity in the command unit specified in the Setting an Axis.

SrvOnStatus CmdVelStart  ayic varable

167772160

WEL

MC_MoveVelocity
AxisD— Axis

Execute

167772160~ Velocity

167772160— Acceleration

ble—Jerk

Continuous

Varigble— BufferMode

Invelocity|

Deceleration CommandAborted

Axis —AxisD

Busy f=Eni:

Active|

Error

Direction ErroriD —Eni:

3. The Servomotor is stopped.

3

CmdStep  ayis Variable

Axis0— Axis

Enter Variable—]

STOR

MC_Stop

Execute

83886080— Deceleration

Enter Variable=— Jerk

Auis —Axis0
Axis Vi
Done
Busy [—Enfer Variable

Active [=Enter Variable

BufferMode CommandAborted | Enfer Variabie

Errorf—Er

ErrorlD—Er

4. The errors of the Servo Drive are reset.

4

Error](lE?FSW Axis Variable

AnisD—{ Axis

RESET
MC_Reset
Axis = Axis0
Ais W
Execute Done
Busy [—Enter Variable
Failure —Enter Variable
Error
ErroriD

5. The errors of the standard controller are reset.




5 ResethC
ErrorClearSw ResetMCError

Execute  Don

Busy [=Enfer Variable

Failure

Errar|

ErrorlD

ResetEtherCAT
ResetECError
Execute  Doni

Busy
Error|

ErroriD

6. When the Servo Drive goes into the STO state, the Servo ON command and the motor
start command are turned OFF.

5 1{Elif E_Axis0_STO_command_active =TRUE THEN

2|  CmdSrvOn:=FALSE =
5/ CmdVelStart:=FALSE:
a}| END_IF;
|
| o |

Transfer to the standard controller.
Click the Transfer To Controller Button.

Transfer to the standard controller.

Legend: nchronized
B Clear the present values of varia vith Retain attribute (

B Do not trans t Nogra 0 e (Valid for Transfer to Contr sferred when this is changed.

Transfer To Controller | | Transfer From Controller
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B Checking Operation

1.

Press the safety rest button.

o

2. | Double-click Section0 to display the section.
3.
Check that the 7-segment LED display shows ‘oE.’.
o E.
4. | Right-click CmdVelStart and select Set/Reset — Set.

Check that the Servomotor rotates at about 1200 r/min.




Press the Emergency Stop Pushbutton Switch.

Check that the 7-segment LED display shows ‘st’.

~
Y

Release the Emergency Stop Pushbutton Switch and press the safety rest button.

¢

Check that STO is released and the 7-segment LED display shows *--".
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4. Adding a Safety Function

This section describes how to add a safety function to the servo system built in 3. Performing setup.
Refer to the section of the safety function to add.

I 4.1. Adding the Safe Stop 1 (SS1) Function

This section describes how to add the SS1 function to the project created in 3. Performing setup.

The operation of the servo system set up in this section is explained below.

1. When the error clear button is pressed, the errors of the standard controller and Servo Drive are
reset.

2. When the Safety Key Selector Switch is operated to switch to safety active mode, the standard
controller lets the Servomotor decelerate to a stop.
The Servo Drive activates the STO function using the SS1 function to turn OFF the motor
torque.

3.  When the safety reset button is pressed, the STO status is reset.

1. Error clear button

{’ 2. Safety Key Selector Switch

3. Safety-door Switch

4. Emergency Stop
Pushbutton Switch

EtherCAT. ™

5. Safety reset button

EtherCAT Coupler
Additional I/0 Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Diaital Input Unit
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Input device State Operation

. Error clear button ON Enable error reset command
OFF Disable error reset command
. Safety Key Selector Normal Run Servomotor at normal velocity.
Switch operating mode
Safety active Make Servomotor decelerate to a stop and activate STO
mode function using SS1 function.
. Safety-door Switch Open SS1 function deactivated: Enable STO command

SS1 function activated (during deceleration): Enable STO
command

SS1 function activated (after STO activation from SS1):
Disable STO command

Close Disable STO command
. Emergency Stop ON Enable STO command
Pushbutton Switch OFF Disable STO command
. Safety reset button ON Enable reset STO status command
OFF Disable reset STO status command

B Operation of SS1 Function Interlocked with Motion Control

When the Servo ON command is enabled, the Servo Drive turns ON the Servo.

When an operation command is enabled, the command velocity to the Servomotor is set to
1200 r/min.

The standard controller lets the Servomotor decelerate to a stop.

When the SS1 function is executed, the Servo Drive shifts to the STO state after the wait time
(SS1 time to STO 1) and turns OFF torque.

Velocity
B4 1 ) [ B e —
° ]
1500ms
ServoON/OFF
@Standard Controller ServoOFF ServoON l ServoOFF
Operation Command
@Safety Controller PCMD OFF PCMD ON | PCMD OFF
581 Command )
@Safety Controller Reset SS1 Active 351
$S1 Command(Status)
@Servo Drive Normal Status SS1Status [ Normal Status
STO Comgggggtgﬁf; Normal Status STO Status
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4.1.1. Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.
Multiview Explorer BEA T

hnew_Controﬂer_O‘ v

new Controller 0

W S5 FTherL 4l

Double-click SRA Parameters and click the Safety Function Assignment Settings
Button.

Multiview Explorer

[ new_SafetyCPUO v

A4 Configurations and Setup

Lommu ons

Check the No. 1 checkbox and assign ‘SS1 instance1’ to No. 8.

Click the Button to display the SS1 Detailed Settings view.
You can also use the (IR Button to display the SS1 Detailed Settings view.

=
(5]

2 | Active | Safety Functions Details Command
) tancel ) mmand1

R

R

R

R

R

R
R
R
R
R
=
[

ancel & mmand1 Active
5LS instanced mmand 1 mmand1 /

]
1
2
4
5
7]
7
3
9

-
=1

5LS instancef mmandb mmandé /

-

551 instanced command4 command4 Ac

-
ra

5LS instanced mmandd mmand4 Activ:




Set SS1 parameters.

In this guide, set them as follows.
Name Value Unit

SS1 time to STO 1 1500 ms

SS1

ss1 e — ,
6651.01 SS1 time to STO 1 1500
Lo B
Open the I/0O Map and create device variables.

Port Variable name
SS1 command1 Active for R88D-1SNO1L- E_AxisO_SS1_command1_Active
ECT-51
SS1 command1 for R88D-1SNO1L-ECT-51 E_AxisO_SS1_command1

A Configurations and Setup EtherCAT | Master
v Nodel ¥ R8BD-1SNOTL-ECT-51
¥ Safety Inputs
STO Active ERVIO TR Axis0_STO Active
Error sareeool NI

Global Vanables
Global Vanables

551 command Active [N 1S TRlE Ai<0_SS1_command _Active Global Variables
Not Assigned Bit 09 SAFEBOOL
Not Assigned Bit 10 SAFEBOOL
Not Assigned Bit 11 SAFEBOOL
Not Assigned Bit 12 SAFEBOOL
Not Assigned Bit 13 SAFEBCOL
Not Assigned Bit 14 R SAFEBOOL
Safety Connection Status FIY2 T el 2is0_Safety_Connection_Status Global Variables

¥ Safety Outputs
STO S Global Variables
S s = |Gicbal Varabies

551 command B o farizbles
Error Ack S X Global Variables
Not Assigned Bit 08 SAFEBOOL |

Create a safety program.
Add the following code to AutoProgram1.

OC_ResetSignal_0
OC_ResetSignal
SI_ResetSignal  Reset ResetSignal_Out — SI_ResetSignal_Out

t#350ms ResetPulseWidth

ErrorClearFromNX —— ResetSignalFromNX

FOT AND ‘

E_Axis0_Error E_Axis0_Safety Connection_Status i &

SF_EmergencyStop_0
| SF_EmergencyStop

E_Axis0D_Status

TRUE — Activate Ready — SI_E_Stop_Out
SI_E_Stop S_EStopIn 5_EStopQut
FALSE S_StartReset Error —

DiagCode —

FALSE | S_AutoReset
SI_ResetSignal Out *‘ Reset
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o

N3_Safety Connection Status

SI_DeorSwitch

SI_DoorSwitch

téls

FALSE

FALSE

SF_GuardMonitoring 0

SP_GuardHunibaring
Activate

‘ S_GuardSwitchl

S_GuardSwitch2

DiscrepancyTime

‘S_Startueae:

S_RutoReset

SI_ResetSignal_Out —‘Reaet

‘ &

SI_DoorSwitch_Out

SI_E Stop_Out

AND
E_Axis0_STO_Inl &

TRUE

5_GuardMonitoring

Ready —

Error—

DiagCode —

|~ E_Axis0_STO_Inl

L |

E_Rxis0_STO_In_ALL

SI_DoorSwitch_Out

SF_NModeSelector 0

SF_ModeSelector
N3_Safety Connection 3Jtatus Activate &_NModeO3el Runlode
SI_FKeyfelectorswitchl S _ModeO _Modeldel - 55lActive StopMode
5I_KeySelectorSwitchz |5 Model
TRUE 5_Unlock
FALSE 5_SetMode
TRUE AutoSetMode
t#zs |MDdEMDn1tD[T1mE
oc_sF_S51_0
HOT ‘ 0C_SF_S51
SSlhctive StopMode E_AxisO_Status —— Activate Ready — E_ixisO_S51 commandl
F_551_In S5_551_Cowmmancd

Set the input to the
STO function here.

E_hxisO_STO_In_ALL

E _axisD_STO Active

F_8T0_In S_8TO_Cowmmand

§_STO_State

E_Axis0_5TO

OC_3F_ReserSafetyError_0

0C_SF_ResetSafetyError

E_Axis0_Safety Connection Status Activate Ready
ResetSignalFromlii Reset Errorick
t#350ms ResetPulselidth

— E Axis0O Error_Ack




4.1.2. Setting the Standard Controller

1. | Select new_Controller_0 from the list.

L new_SafetyCPUO
TN i

la TITILEL

2. | Double-click I/O Map.

Multiview Explorer
.new_Controlier_O 2

A4 Configurations and Setup
p 8 EtherCAT

3. | Create device variables.

Port Variable name
SS1 command1 for R88D-1SNO1L-ECT-51 E_Axis0_SS1_command_1
SS1 command1 active for R88D-1SNO1L- E_Axis0_SS1_command_1_active
ECT-51

¥ Mirror Safety controlword
STO command

Mirror Safety controlword R UINT
Mirror Safety Controlword | R BOOL

E_Axis0 STO command
Axis0_SS1_command_1

Mirror Safety Controlword 2 Mirror Safe Controlword . R BOOL

¥ Mirror Safety statusword

STO command active
Mirror Safety Statusword 1

Mirror Safety Statusword 2
Mirror Safety Statusword 3
Mirror Safety Statusword 4
Mirror Safety Statusword 5
Mirror Safety Statusword 6
error acknowledge active

Mirror Safety statusword

Mirror Safety Statusword 0
Mirror Safety Statusword 1
Mirror Safety Statusword 2
Mirror Safety Statusword 3
Mirror Safety Statusword 4
Mirror Safety Statusword 5
Mirror Safety Statusword 6
Mirror Safety Statusword 7

E_Axis0_STO_command_active
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Create code for the standard program.
Add the code to change the command velocity.
* When the SS1 function is active, reduce the command velocity to O r/min.

0 ErrorClearSW ErrorClearToSafetyCPU
|

1 PWR
MC_Power

AxisD—| Axis Axis|— AxisD
CmASrvON uyis Variable Auis Variable
Enable Stat

SrvOnStatus

Busy|— Enter Variable
Errorf— Enter Variable

ErroriD = Enter Variable

2 VEL
MC_MoveVelocity
AxisD— Axis Axis|—Axis0
SrvOnStatus CmdVelStart . yaraple Muis Variable
Execute InVelocity
167772160~ Velocity Busy [—Enter Variable
167772160— Acceleration Activef—Enter Variable

167772160— Deceleration CommandAborted [—Enter Variable

iable—Jerk Error|—Enter Variable

r Var

r Variable— Direction ErrorlD [—Enter Variable

Enter Variable— Continuous

Enter Vart

ble— BufferMode

3 1j=IIF E_Axis0_SS1_command_1 = FALSE OR E_AxisO_SS1_command_1_active = TRUE THEN .
2| Axis0_VelFactor := 0;
3; ELSE
4l AxisO_VelFactor := 100;
5/ END_IF;
L]
4 SET_OV
MC_SetOverride
AxisD— Axis ——— Auxis |- AxisO
Axis Variable Axis Ve
Enabl En
AxisO_VelFactor—{ VelFactor Busyl—£
Er AccFactor Error|—Enter Variable
En JerkFactor  ErmoriD ab

5 STOP
o MC_Stop -
Axi AXS  — Axis f AXi: . .
Crosior acsvarave | pone] 225 Vetaie When the SS1 function is
83886080— Deceleration Busy|

active, reduce the command

Jerk Active,

BuerMade Commandaberied|~£rier Veriasi velocity to 0 [r/min] (0% of

o J/

command velocity).

ErmroriD|

6 RESET
MC_Reset

st ascs Axis | Auvis0
ErmorClearSW s variable Auls Variable
Execute Do

Busy|— Enter Variable

Failure(—Enter Variable

Error|

ErroriD[—Enter Va

7 ResetMC
ErrorClearSW ResetMCErmor
I Execute  Dan

Busy|—Enter Variable

Failure[—Enter Variable

Error] Variable

EmorlD|—Enter Varigble

ResetEtherCAT
ResetECError
Execute  Don

Busy|— Enter Variable

Error|— Enter Variable

ErreriD r Variable

8 1=IF E_Axis0_STO_command_active = TRUE THEN
2 CmdSrvOn := FALSE

3| CmdVelStart := FALSE;

4| END_IF;




Transfer to the standard controller.
Select new_Controller_0 from the list.

new_SafetyCPUO

‘ 1 Er er_L |
new_datetyLFuu k
¥ "_# Communications
.

Connect to the standard controller.

Legend: | Synchronized || !
H Clear the present values of vaniabl

transfer the program sourc

‘ E} All data will be transferred because the in the computer and the controller are different.

Transfer To Controller Transfer From Controller
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Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0
———

‘ |

PROGRAM Mode

Click the DEBUG Mode Button to enter DEBUG mode.

Start Debugging

Click the Safety Validation Button.

Safety Validation

Click the OK Button.

LhSafety Validation

Safety CPU Unit will start in RUN mode on next startup

Iy

Click the Run Button.

The FSoE communications are now established.
The FS indicator is lit in green.

DisplaysFSgE Green | ON FSOE slave connection established l

communioations Flashing FSOE SIave Cconnecton £stabhshment in
status. s

Red | Flashing Safety Parameter Emor, Safety
Communications Timeout, or other
emors

-— OFF The safety functions are disabled by
FSoE, the power is not supplied, or a
fatal emor including Self-diagnosis Emor




4.1.3. Checking Operation of the SBC Function Interlocked with the SS1 Function

1.

Check that the Safety Key Selector Switch is in normal operating mode.

SAFETYACTIVE RUN

Press the safety reset button.

=

Double-click Section0 to display the section.

Right-click CmdSrvOn and select Set/Reset — Set.

Check that the 7-segment LED display shows ‘oE.’.

o L.

Right-click CmdVelStart and select Set/Reset — Set.

Check that the Servomotor rotates at about 1200 r/min.
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Operate the Safety Key Selector Switch to switch to safety active mode.

| saFeTyacTive | RuN

The Servomotor decelerates to a stop and the Servo Drive goes into STO state.
Check that the brake is applied.

(Make sure that no SBC stuck-at-high error is detected.)

Check that the 7-segment LED display shows ‘st’.

—

_
-




I 4.2. Adding the Safely-limited Speed (SLS) Function

This section describes how to add the SLS function to the project created in 3. Performing setup.

The operation of the servo system set up in this section is explained below.

1. When the error clear button is pressed, the errors of the standard controller and Servo Drive are
reset.

2.  When the Safety Key Selector Switch is operated to switch to safety active mode, the standard
controller changes the velocity command value to low speed. The Servo Drive activates the SLS
function and monitors the motor velocity.

3.  When the guard with the Safety-door Switch is opened while the SLS function is inactive, the
motor torque is turned OFF.

4. When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF.

5.  When the safety reset button is pressed, the STO status is reset.

1. Error clear button 2. Safety Key Selector Switch

3. Safety-door Switch

4. Emergency Stop
Pushbutton Switch

EtherCAT ™

5. Safety reset button

ﬁ “.9

AC Servo Drive
AC Servomotor

EtherCAT Coupler
Additional I/0 Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Diaital Input Unit
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Input device State Operation
. Error clear button ON Enable error reset command
OFF Disable error reset command
2. Safety Key Normal Run Servomotor at 1200 [r/min] and deactivate SLS function.
Selector Switch operating
mode

Safety active

Run Servomotor at 300 [r/min] and activate SLS function.

mode When velocity exceeds SLS velocity limit, Servo Drive goes into
STO state and Excessive Limit Value Error occurs.
3. Safety-door Open SLS function deactivated: Enable STO command
Switch SLS function activated: Disable STO command
Close Disable STO command
4. Emergency Stop ON Enable STO command
Pushbutton -
Switch OFF Disable STO command
5. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command

84

B Operation of SLS Function with Motion Control
When the Servo ON command is enabled, the Servo Drive turns ON the Servo.
When an operation command is enabled, the command velocity to the Servomotor is set to

1200 r/min.

When the SLS function is executed, the Servo Drive shifts to the SLS state after the wait time
(SLS time to velocity monitoring 1) and monitors the motor velocity.

The standard controller sets the command velocity to the Servomotor to 300 r/min.

When the SLS function is released, the Servo Drive goes into the normal state and stops

monitoring the motor velocity.
The standard controller sets the command velocity to the Servomotor to 1200 r/min.

+1200[r/min]

+300[r/min]

Velocity

SLS time to velocity monitoring

H

VDN

0

Servo ON/OFF
@Standard CPU Unit

Operation Command
@ Standard CPU Unit

SLS Command
@Safety CPU Unit

SLS (Status)
@Servo Drive

Normal Status

) 1

1 L

1 1 1

LN '

/ ! | SLS Velocity

i : Limit |

1 1 :

J ! +

| i |

Servo OFF Servo ON ! |
1 1 1

1 I 1

1 1 |

Disable | Cdmmand Enable i
Reset SLS | | Activate 5LS|

SLS Status

Reset SLS

Normal Status




IE' Precautions for Correct Use

While using the SLS function, errors may occur during normal operation depending on
the operating conditions and operating environment.

For further details, please refer to AC Servomotors/Servo Drives 1S-series with Built-in
EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat.
No. 1696) Chapter 8-4 Safely Limited Speed (SLS) Function.
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4.21.

Setting the Safety Controller

1. | Select new_SafetyCPUO from the list.
lnew,Controller,O v
new Controller 0
NOT
v : 3
L Unit1: NX-PF06:
2.
Multiview Explorer
new_SafetyCPUQ v
A4 Configurations and Setup
v ." l: ommunications
SNO1L-ECT-51 (E_Axis0: Instance0)
3.
-ﬂ SLS instance
9 Not Assigned
4. | Click the E& Button or the [N Button to display the SLS Detailed Settings view.
No. | Active | Safety Functions ‘ Details ‘
0
L L
2
s
5
[
7
8




Set SLS parameters.

In this Guide, set as follows:
Name Value Unit

SLS time to velocity monitoring 1 1000 ms
SLS velocity limit 1 500 r/min

Error Detection Activate In SLS Activate -
Deactivate(SLS1)

SLS instancel Manual

¥ Instance Settings
oD I Name | Value | Unit | Reference Information |

6691.01 SLS time to velocity monitoring 1 1000 ns
osot | S ety bt 1ED rin 13981013333 sl

4F16.01 Error Detection Activate In SLS Deactivate (SL 1 Activate i

¥ Timing Chart

Open the I/0O Map and create device variables.

Port Variable name
SLS command1 Active for R88D-1SNO1L- E_AxisO_SLS command1_Active
ECT-51
SLS command1 for R88D-1SNO1L-ECT-51 E_AxisO_SLS command1

M Expl - T 2 [3
new_SafetyCPUO + Position S N—MF.:: Y r Variable Comment Variable Type
v EhecAT | Master
v munications Nodel w  R8SD-1SNO1L-ECT-51
¥ Safety Inputs
STO Active R BLU 2ol e 2050 STO Active Global Vanables
Error sareecoL  SETEGE
SLS command1 Active SV ToTs TRl 0 SLS_command_Active
Not Assigned Bit 09 SAFEBOOL
ot As: SAFEBOOL
it SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEROOL
Safety Connection Status SET.V5 o s THllE /xi<D_Safety Connection Status Global Variables
¥ Safety Cutputs
sTo SAFEBOOL lobal Variables
$51 command 1 SAFEBOOL
Error Ack £ Aois0_Ervor_Ack
SLS command1 s [E_Axis0_SLS _command1 Global Variables
Not Assigned Bit 09
Not Assigned Bit 10

Global Variables

Not Assigned Bit 12

Not Assigned Bit 13
Not Assigned Bit 14
Not Assigned Bit 15
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Create a safety program.
Add the following code to AutoProgram1.

1

OC_ResgetSignal 0

‘ OC_ResetSignal
5I ResetSignal Reset ResetSignal Out —— 5I_ResetSignal Cut
t#350ms ‘ResetPulseﬁidth
2
ErrorClearFromNX ResetSignalFromNX

E_Awis0_Error

4 FERB L R A v F DL

T
[

E_Axis0_Safety Connection_Status ‘ &

SF_EmergencyStop_0

| SF_EmergencyStop
TRUE Activate Ready — SI_E_Stop_Out
SI_E_Stop 5_EStopln 5_EStoplut
FRLSE 5_StartReset Error —
FALSE S_RutoReset DiagCode —
S5I_ResetSignal_Qut Reset

SF_GuardMonitering_0

‘ SF_GuardMonitoring
N3_Safety_Connection_Status — Activate Ready — SI_DoorSwitch_Out
5I_DcorSwitch S_GuardSwitchl 5_GuardMonitoring
5I_DeorSwitch ‘S_Gunzdswitch2 Error -
©#1000ms — DiscrepancyTime DiagCode —
FALSE —S_StartReset
FALSE ‘Sj\utnkaser.
SI_ResetSignal_Out —‘Reset
/ SF_ModeSelector_0
/ ‘ SF_ModeSelector
N3_safety_Connection_Status — Activate 5_ModeDSel RunMode
SI_KeySelectorSwitchl S_Mode0 5_ModelSel - SLSActive RunMode
S5I_KeySelectorSwitch2 ‘S_Hodel 5_AnyModeSel —
TRUE ‘S_Unlcck
FALSE 5_SetMode
TRUE AutoSetMode
t§2s — ModeMonitorTime
SI_ResetSignal Out — Reset

SLSActive_RunMode

N

SF_SafetyRequest 0

\activated.

E_Axis0_Status

When change of the operating
mode of the Safety Key Selector
Switch to safety active mode is
detected, the SLS function is

J

‘ SF_SafetyRequest

E_Axis0_Status Activate

‘S_O'pnode

E_Axis0_SLS_commandl_Active —|S_Acknowledge

T#1000ms MonitoringTime
—laese:

SI_ResetSignal_Qut

S_safetyActive

S_SafetyRequest

DiagCode ‘—

Ready — SLS_Active

E_Axis0_SLS_commandl

Error —




- ts::m::xu: | =t ‘ | & ‘ T
- 1
Add the code to deactivate the
S soim | g | Ehaie0STotan STO function activated by the

Safety-door Switch when the SLS
function is active.

SF_EDM 0
| SF_EIM
E_Axis0_Status  Aetivate Ready — E_Axis0_STO
E_Axis0_STO_In_ALL | 5_OutContzol S_EDM_Out
E_Axis0_STO Aetive |s_xm Errer =
E_Axis0_STO_Active |s_zmz DisgCode —
t$300ms |Hcmi=,or..inqrm

TRUE |5_Stlrtlh et

SI_ResecSignal _Out = Reset

OC_SF_ResetSafetyError_0
OC_SF_ResetSafetyError
E_Axis0_Safety_Connection_Status — Activate Ready — E_hxis0_Error_hck

ResetSignalFrosii — Reset Errorick

t#350ms ResetPulseWidth
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Setting the Standard Controller

Select new_Controller_0 from the list

, new_Controller 0 v

] new_Controller_0

E
p (&) Nodel:R

Unit 2 : N

Multiview Explorer

new_Controller_0 2

A4 Configurations and Setup
> EtherCAT
» =1 CPU/Expansion Racks

Double-click I/O Map.

Create device variables.

Port

Variable name

SLS command 1 for R88D-1SNO1L-ECT-51

E_AxisO_SLS command_1

ECT-51

¥ Mirror Safety controlword
STO command
551 command 1
Mirror Safety Controlword 2

Mirror Safety Controlword 3
Mirror Safety Controlword 4
Mirror Safety Controlword 5
Mirror Safety Controlword 6
error acknowledge

Mirror Safety Controlword 9
Mirror Safety Controlword 10
Mirror Safety Controlword 11
Mirror Safety Controlword 12
Mirror Safety Controlword 13
Mirror Safety Controlword 14
Mirror Safety Controlword 15
¥ Mirror Safety statusword
STO command active
Mirror Safety Statusword 1
Mirror Safety Statusword 2
Mirror Safety Statusword 3
Mirror Safety Statusword 4
Mirror Safety Statusword 5
Mirror Safety Statusword 6
error acknowledge active
SLS command 1 active
Mirror Safety Statusword 9
Mirror Safety Statusword 10
Mirror Safety Statusword 11
Mirror Safety Statusword 12
Mirror Safety Statusword 13
Mirror Safety Statusword 14

 Mirror Safety Controlword '

SLS command 1 active for R88D-1SNO1L-

Mirror Safety controlword R
Mirror Safety Controlword | R
Mirror Safety Controlword R
Mirror Safety Controlword . R
Mirror Safety Controlword . R
Mirror Safety Controlword - R
Mirror Safety Controlword R
Mirror Safety Controlword ' R

R

Mirror Safety Controlword
| s

Mirror Safety Controlword
Mirror Safety Controlword
Mirror Safety Controlword
Mirror Safety Controlword
Mirror Safety Controlword
Mirror Safety Controlword
Mirror Safety statusword
Mirror Safety Statusword 0
Mirror Safety Statusword 1
Mirror Safety Statusword 2
Mirror Safety Statusword 3
Mirror Safety Statusword 4
Mirror Safety Statusword 5
Mirror Safety Statusword 6
Mirror Safety Statusword 7
Mirror Safety Statusword 8
Mirror Safety Statusword 9
Mirror Safety Statusword 1(
Mirror Safety Statusword 1
Mirror Safety Statusword 1;
Mirror Safety Statusword 1:
Mirror Safety Statusword 1.

E_AxisO_SLS command_1_active

E_AxisO_STO_command

[Global Variables

[E_AxisO_error_acknowledge

[Global Variables

[€_AxisO_STO_command_active

|Giobal Variabies

E_AxisO_error_acknowledge_active

[Global Variables

_Axis0_SLS_command_1_active

[Global Variables

mxxwxwxzxzmrwzwnxrw:nxn:ﬂxi

Mirror Safety Statusword 1! E_Axis0_Safety_Connection_Status_ac F}‘Iobal Variables

Safety Connection Status active

Sysmac Error Status I




Create a standard program.
Add the code to change the command velocity.

» When the SLS function is active, reduce the command velocity to 300 r/min.

* When the SLS function is inactive, increase the command velocity to 1200 r/min.

0 ErrorClearSW ErrorClearToSafetyCPU
|
I
1 PWR
MC_Power
AxisD— Axis Axis|—AxisD
CmasmvOn sy variable Auds Variable Srvnstatus
Enable Statu:
Busy [—Ente
Error,
ErroriD)|
2 VEL
MC_MoveVelocity
Axis0— Asxis Auis —Aais0
SrOnStatus CmdVelStar ¢ yarisble Auis Variable

Execute InVelocity
167772160 Velocity Busy
167772160—{Acceleration Active

167772160 Deceleration CommandAborted

Jerk Error

Direction ErrorlD |—Enter
Continuous

ie— BufferMode

Add the code to change the
command velocity here.

Axis0_VelFactor := 25;

1

2

3/ | ELSE

4 Axis0_VelFactor := 100;
5| | END_IF;

=IF E_Axis0_SLS_command_1 = FALSE OR E_AxisO_SLS_command_1_active = TRUE THEN

le—| AccFactor Error|

le—{JerkFactor ErroriD—Ent

P SET_OV.
MC_Setoverride
o s .
Axis Variable Axis Variable
AxisQ_VelFactor—{ VelFactor Busy = Enter Variable

S oo
MC_Stop

AxisD

-
€maStop  ayis varisbie

~

300[r/min] (25% of command
velocity) when the SLS function is

1200[r/min] (100% of command
velocity) when the SLS function is

)

Axis Variable
Execute Dony
£63866080— Deceleration Busy|—E7
e—ylerk Active|
[
o active.
ErvoriD - Ente
3 RESET
MC_Reset
——— Budsld Ay e A5 = Ais0
rorClearsW o varisbie Auxis Varistie i i
frecute Den inactive.
Busy|—
Failure (—
Ermorf—
ErroriDf—
7 ResethC
EmorClearSW ResetMCErer
b Execute Con
Busy|—nte
Fallure|—£
Error|—E
ErroriD}—Enter Variable
ResetEtherCAT
ResetECError
Execute D
Busy|—Enter variobie
Error|—E£
ErroriDj—£
& 1=IF E_Axis0_STO_command_active = TRUE THEN B
2 CmdSrvOn := FALSE:
3 CrdVelStart := FALSE:
4| END_IF:
-0 nm
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Transfer to the standard controller.
Select new_Controller_0 from the list.

new_SafetyCPUD

il= ntrolier_uv s
¥ hew_SafetyCPUO b

¥ 1_® Communications

Connect to the standard controller.

Il be re-transferred when this option is changed.
al Unit operal and NX Unit application data.

i Do not transfer the EtherN settings (i.e., tag data link s

m All data will be transferred be proj the computer and the controller are different.

Transfer To Controller Transfer From Controller

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0
nesar Cantrallar 1
| new_SafetyCPUO I_k

1t

AD-1SNO2] -

Click the PROGRAM Mode Button to switch to PROGRAM mode.

DERUG Mode

Click the Start Debugging Button to start DEBUG mode.




Start Debugging

Click the Safety Validation Button.

The FSoE communications are now established.
The FS indicator is lit in green.

FS Displays FSoE Green | ON FS0E slave connection established ]

cammur Flashing FSoE slave connection establishment in
) progress

Red | Flashing Safety Parameter Emor, Safety
Communications Timeout, or other
emors

— OFF The safety functions are disabled by
FSoE, the power is not supplied, ora
fatal emor including Self-diagnosis Emor

93




94

4.2.3. Checking Operation of the SLS Function

1.

Check that the Safety Key Selector Switch is in normal operating mode.

SAFETYACTIVE

Press the safety rest button.

e

Double-click SectionO0 to display the section.

Right-click CmdVelStart and select Set/Reset — Set.

Check that the Servomotor rotates at about 1200 r/min.

Operate the Safety Key Selector Switch to switch to safety active mode.

| SAFETYACTIVE | RUN

Check that the Servomotor rotates at about 300 r/min.
Check that the 7-segment LED display shows ‘SF’.

5F




Open the guard with the Safety-door

Switch.

Check that the 7-segment LED display still shows ‘SF’.

Close the guard and press the safety reset switch.

Operate the Safety key Selector Switch to switch to normal operating mode.

SAFETYACTIVE

RUN

Check that the Servomotor rotates at about 1200 r/min.

Check that the 7-segment LED display shows ‘oE.’.

o L.
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ANNEX

I Adding a Servo Drive and Axis from Motor Sizing Tool Results

1.

in | Tools Window Help

Event Log Viewe..
EtherCAT Diagnosis/Statistics Information Viewer.

Backup v
Export Global Variables ’
Comments for Variables and Data Types (For switching) *
Import ST Program..

IEC 61131-10 XML ’

SYSMAC Gateway

Update Configurations and Setup Transfer Data

EtherNet/IP Connection Settings
Launch Exteral Application
Automation Playback
Customize Shorteut Keys..

SLS instance:
SLS instance8

create sizing results.

Import the motor sizing tool results file.

Note: Refer to the Motor Sizing Tool Startup Guide (Cat. No. 1820) for learning how to

Multiview Explorer

new_Controller 0 v

b4 Configurations and Setup

[ e

Devices were imported successfully.

tput

Information

Information
Information

[Aodis name:E_Axis0] [
Import of the Motor si

is number:0] The axis setting was ad
g tool results completed.

new_Controller 0 ¥
A4 Configurations and Setup
F EtherCAT

Ethi

»

ro
a8

Cl’,":‘

B
B
B
El
B

(=}
BEB

All parameters ¥

- | ¥ | Drive Value ¥

| oo

Description

500101 Machine-nertakato I -

Machine - Backlash Compensation Selection 0: Disabled
o
Machine - Backlash Compensation Time Constant 0.00

Machine - Backlash Compens. Amount

Machine - Motor Revolutions 1

De

new_Cantroller 0+

v

Configurations and Setup

@mm @un @ nm @ degree @ inch

Unit of display © pulse

 Travel Distance
Command pulse count per motor rofation EEEENE pulse/rev - (1)

© Do not use gearbox
Work travel distance per motor rotation EEEER pulse/rev —

Reference; Unit conversion formula
Command unt per motor rotation [UDINT]

* Travel distance [Unit of
nce per motor rotation [(REAL] "2/ distance [Unit of dispizy]

Mumber of pulses [pulse]

@ Use gearbox
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I Test run and data trace

Please right click to the drive and select “test run”

b Configurations and Setup
¥ CAT

o
‘Deceleration Time ms
- s pukse

(o] shaft revolutions
Foreard > Reverse v

Dwell Time :

Activate the servo ON

Divive Statuis
Actual Current Position 426708262 gulled
fctual Current Speed n rpm

Target Spesd

Multiview Explorer

new_Controller 0

\J

Chose cyclic mode

Trace Type Single
Post-trigges Single

% MLl

Adjust the sampling interval

Sampling Interval Time » Interv
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Adjust the trigger condition

[ELTR LTI O T (51 S B R LTSl Position Command - Motor Velocity (16 bit) [P 0

Tngger 2

r/min No Filter v

No Filter

Push record button

Sysmac Studio is now waiting for the trigger

(5 Output 4, Build

Waiting fo

[new_Cantroller 0 4 |
R4 Configurations and Setup o EE

ion[Trgger1 v | Tr

(00 osteo 2 Q10B ¢ oz BIOB o o 3250 )

Aam

@ Range Limit

+ IR -
J -710212678 g

697077931




I Manual tuning

m Manual tuning guide

1.

Please right click to the drive and select “setup and tuning”

Please select Manual Tuning
Setup and Tuning Portal

You can do Quick Parameter Setup, I/O Monitoring and Tuning easily.

¥ Quick Parameter Setup and 17O Monitor

Quick Parameter Setup and 1/0 Monitor

Setup basic parameters quickly and monitor /O signals

ning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability

Tune based on simple steps. analysis results.

Tune based on setting the machine rigidity.

Manual tuning window is displayed
It includes rigidity settings, gain parameters and drive test run

Machine Settings

Monitoring
Rigicity XN Respor

Stabilzation Time
ot Level
~Parameters
Description ¥ | Drive Value ¥ Default ¥ | Range | nits ¥ Data Attribut Target Speed
P
I ouise/s
Acceleration/Deceleration Time
EE

Step Distance B

P3G Command Unit
EX <haft revolutions

103 Position Command Fifter - I Fiter Enable 4 - oto1 B s
104 Position Command Fifter - IR iter Cutoff Frequ = 1040 50000 Hz [o——

33
Dwell Time
Help

Comment: Sets the ratio of load inertia to mator rotor inertia.
Inertia ratio = (Load inertia = Rotor inertia) x 100%

Motion

Actual Current Position
PIOEEER] Command Unit

Actual Current

I

[ o

Servo ON

I Update drive settings with estimated values before transfer to.drive.

Show Block Diograms | [TDI Control Transfer to Drive
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In order to check the behavior of the motor,
Please right click to the “data trace settings” and add a new trace

Multiview Explorer -1 E

new_Controller 0 v | I |

b4 Configurations and Setup

¥ = CPU/Exg

Chose cyclic mode

Trace Type Single
Post-trigger Single

% LN,

Adjust the sampling interval

Sampling Interval Time v Intery

Adjust the trigger condition

[LELER GG ITLR LTS B MR LG LTSl Position Command - Motor Velocity (16 bit) [FSIEE O r/min No Filter v

Tngger 2

Disable parameters reading

B AT A
. H= <m e T. L A R MNE B

= LE
QEERey Transfer Parameters from Drive After Trace z' I
gct-tHoge ata Ratio nable Tnond

Push record button

Sysmac Studio is now waiting for the trigger

(=i Output 4 Build

Waiting for trigger...

Place the Test run and Manual tuning windows side-by-side with docking window feature




Configure the motion profile and click Apply

~Configuration
Operation Direction
Step Forward > Reverse v
Target Speed
500 5 s
Acceleration/Deceleration Time

7y
il Ms

step Distance [

PISCEL P2 Command Unit
Xl shaft revolutions
Number of Cycles
17

Dwell Time

10

~Motion

Actual Current Position

-113485803 feslylnthll

Be careful, the motor will move in the forward and reverse direction.

11.

The data trace is now triggered and result displayed.

(i Output 4 Build

Sampling...

9] Sorpingy el [ Total Trace Time EXEII ms
_ Enable Trigger Condition|Trigger 1 ¥ | Trigger 1 NI T Rn R Aol | | ~Parameters

1474 Trigger 2
|»| op Description

Name Units ICursor|Minimum| Maximum | Average| X Offset|¥ Offset|Y
Velocity Detection - Present (R4 0 506 21981 0 E
Position Command - Motor \IZZGTY 2 21978 g 0 c
Torque demand (16 bit) % -0.1 -22 6. 24765 g 0 E
0

E

Position Command - Followi e TT U Sie= 47140, g

301103 Position Command Filter - IIR Filter Enable
301104 Position Command Fitter - IIR Filter Cutoff Fres

=
E
=
=
E
=
E
=
El
=

~Help
Comment: Sets the ratio of load inertia to motor rotor inertia.
Inertia ratio = (Load inertia = Rotor inertia) x 100%.

-fore transfer to drive.
g Show Block Diagrams Transfer to Drive
E
Time (ms) Back to Portal

Monitoring

Stabilization Time 0 ms
Overshoot 12

p——
Target Speed
59305066.6667 =1

Acceleration/Deceleration Time

50 - g

Step Distance [

FREEErRE Command Un
EXTRR <haft revolutic
25165524 0

Duwell Time

Motion
Actual Current Position
EREEIELER] Command Un

Actual Current Speed

Servo OFF

[
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12. | Itis possible to increase gain values by changing the rigidity settings
Rigidity Responsiveness © Focus ontracking @ Focus on overshoot suppression
Description L |
B
E
B
El
E
B
B
El
= 3011.03 Position Command Filter - lIR Filter Enable
= 3011.04 Position Command Filter - IR Filter Cutoff Frequ
El
E
Help
Comment: Sets the ratio of load inertia to motor rotor inertia.
Inertia ratio = (Load inertia = Rotor inertia) x 100%
E Update drive settings with fore transfer to drive.
Show Block Diagrams Transfer to Drive
Push transfer to send the gain parameters to the drive.
13. | Please repeat step 10,11 and 12 until achieving the desired performance

If vibrations appear, please reduce the rigidity settings.
If required, it is possible to increase responsiveness by applying notch filters in
Advanced Auto-Tuning mode and adjusting gains. Please refer to 3.5.2 Advanced Auto-

Tuning.




Note: Do not use this document to operate the Unit.
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