OMRON

AC Servo System 1S-series with safety functionality

Startup Guide

R88M-1AL[]/-1AM[] (AC Servomotors)
R88D-1SAN[]-ECT (AC Servo Drives)

Startup

Guide

SYYSInAaL SE9E10a
always in control



—— 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 AC Servo System 1S-Series with Built-in EtherCAT Communications and Safety
Functionality Startup Guide (hereinafter, may be referred to as "this Guide") describes the
procedures for installation and setup of a 1S-series Servo Drive with Built-in EtherCAT
Communications and Safety Functionality (hereinafter referred to as “1S-series Servo Drive
Advance Type”), where an NJ/NX-series CPU Unit is used in combination with1S-series AC
Servomotors/Servo Drives Advance Type and NX-series Safety Control 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 Advance Type.

The safety circuits described in this Guide are not safety certified. The described usage
examples of safety components and safety circuits may differ from your usage. 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 AC Servomotors/Drives

. Knowledge of operation procedure of Sysmac Studio

I Applicable Products

This Guide covers the following products.

. Machine Automation Controller NJ/NX-series CPU Unit
. Automation Software Sysmac Studio

. 1S-series Servomotor/Servo Drive Advance Type

. NX-series EtherCAT Coupler Unit

. NX-series Safety Control Unit



I Special Information

Special information in this Guide is classified as follows:

IE' Precautions for Correct Use

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

=

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


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

information by itself is not sufficient for a complete determination of the suitability of the
Product in combination with the end product, machine, system, or other application or use.
Buyer shall be solely responsible for determining appropriateness of the particular Product with
respect to Buyer’s application, product or system. Buyer shall take application responsibility in
all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE
OR PROPERTY 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
http://www.fa.omron.co.jp/nj_info_e/.



Related Manuals

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

Manual name Cat. No. Model Application Description

1S-Series AC 1621 R88D-1SAN-ECT Learning detailed Describes how to install and wire the
Servomotors/Servo Drives R88M-1Ao specifications of a 1S-series | Servo Drive, set parameters needed to
with Built-in EtherCAT Servo Drive Advance Type. operate the Servo Drive, and remedies
Communications and to be taken and inspection methods to
Safety Functionality User’s be used in case that problem occur.
Manual
Sysmac Studio Version 1 | W504 SYSMAC-SE2ooo Learning about the operating | Describes the operating procedures of
Operation Manual procedures and functions of |the Sysmac Studio.

the Sysmac Studio.
Sysmac Studio Drive 1589 SYSMAC-SE2ooo Learning how to set up and Describes the operating procedures of
Functions Operation adjust the Servo Drives. the Sysmac Studio.
Manual
NX-series CPU Unit W535 NX701-oooo Learning the basic Provides an introduction to the entire
Hardware User’s Manual specifications of the NX- NX-series system along with the

series CPU Units, including | following information on the CPU Unit.

introductory information, « Features and system configuration

designing, installation, and « Introduction

maintenance. Mainly « Part names and functions

hardware information is « General specifications

provided. « Installation and wiring

« Maintenance and inspection

NX-series W593 NX102-oooo Learning the basic Provides an introduction to the entire
NX102 CPU unit specifications of the NX102 | NX102 system along with the following
Hardware User’s Manual CPU Units, including information on the CPU Unit.

introductory information, « Features and system configuration

designing, installation, and « Introduction

maintenance. Mainly « Part names and functions

hardware information is « General specifications

provided. « Installation and wiring

« Maintenance and inspection

NX-series W578 NX1P2-oooo Learning the basic Provides an introduction to the entire

NX1P2 CPU unit
Hardware User’s Manual

specifications of the NX1P2
CPU Units, including
introductory information,
designing, installation, and
maintenance. Mainly
hardware information is
provided.

NX1P2 system 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. No. Model Application Description
NJ-series CPU Unit W500 NJ501-oooo Learning the basic Provides an introduction to the entire
Hardware User’s Manual NJ301-oooo specifications of the NJ- NJ-series system along with the
NJ101-0o0oo series CPU Units, including | following information on the CPU Unit.
introductory information, « Features and system configuration
designing, installation, and « Introduction
maintenance. Mainly « Part names and functions
hardware information is « General specifications
provided. « Installation and wiring
« Maintenance and inspection
NJ/NX-series CPU Unit W501 NX701-oooo Learning how to program and | Provides the following information on a
Software User’'s Manual NX102-oooo set up an NJ/NX-series CPU | Controller built with an NJ/NX-series
NX1P2-oooo Unit. Mainly software CPU Unit.
NJ501-oooo information is provided. « CPU Unit operation
NJ301-oooo « CPU Unit features
NJ101-oooo « Initial settings
« Language specifications and
programming based on IEC 61131-3
NJ/NX-series CPU Unit W507 NX701-oooo Learning about motion Describes the settings and operation of
Motion Control User's NX102-oooo control settings and the CPU Unit and programming
Manual NX1P2-oooo programming concepts. concepts for motion control.
NJ501-oooo
NJ301-oooo
NJ101-oooo
NJ/NX-series W502 NX701-oooo Learning detailed Describes the instructions in the
Instructions Reference NX102-oooo specifications on the basic instruction set (IEC 61131-3
Manual NX1P2-oooo instructions of an NJ/ NX specifications).
NJ501-oooo CPU Unit.
NJ301-oooo
NJ101-oooo
NJ/NX-series W508 NX701-oooo Learning about the Describes the motion control
Motion Control Instructions NX102-oooo specifications of the motion instructions.
Reference Manual NX1P2-oooo control instructions that are
NJ501-0o00o0 provided by OMRON.
NJ301-oooo
NJ101-oooo
NJ/NX-series W503 NX701-oooo Learning about the errors Describes concepts on managing errors
Troubleshooting Manual NX102-oooo that may be detected in an that may be detected in an NJ/NX-
NX1P2-oooo NJ/NX-series Controller. series Controller and information on
NJ501-oooo individual errors.
NJ301-oooo
NJ101-oooo
NX-series 7930 NX-SLoooo Learning how to use the NX- | Describes the hardware, setup methods
Safety Control Units NX-Sloooo series Safety Control Units. and functions of the NX-series Safety
User's Manual NX-SOoooo Control Units.




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.

1859-E1-04

-

Revision code

Revision code Date Revised content

01 December 2020 Original production

02 March 2021 Added safety functions (Sections 4.1, 4.2, 4.4, 4.6, and
4.7 added)

03 June 2021 + Added recovery procedure for SLP function.
* Added Section 4.8.
+ Corrected mistakes.

04 September 2023 + Made changes accompanying addition of the gain

tuning function (addition of Advanced Auto-Tuning)
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1. Servo System Configuration and Peripheral
Products

| 1.1. Outline

The 1S-series Servo Drives Advance Type support 100-Mbps EtherCAT.

When you use the 1S-series Servo Drive Advance Type with a Machine Automation Controller
NJ/NX-series CPU Unit or CJ1W-NCo8o Position Control Unit with EtherCAT interface, you can
construct a high-speed and sophisticated positioning control system.

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

The 1S-series Servo Drives Advance Type support the FSoE (Safety over EtherCAT) protocol as the
safety communications. You can build the safety system that uses safety functions from the safety
CPU unit on the EtherCAT network.

=

Additional Information

For further details on the 1S-series Servo Drives Advance Type, refer to the 1S-Series AC
Servomotors/Servo Drives with Built-in EtherCAT Communications and Safety Functionality User’s
Manual (Cat. No. 1621).

12



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

v

System Configuration with Standard and Safety Controllers
v

Sysmac Studio Project Creation
v

Motor, ABS Encoder and I/O Setup
v

Gain tuning (Easy Tuning, Advanced Auto-Tuning)
v

Creating a Motor Control Program
v

B Adding a Safety Function

-

=

Select a safety function from below and add it.
+ Adding the Safe Brake Control (SBC) Function to the STO Function
» Adding the Safe Stop 1 (SS1) Function
* Adding the Safe Stop 2 (SS2) Function
* Adding the Safe Operating Stop (SOS) Function
* Adding the Safely-limited Speed (SLS) Function
+ Adding the Safely-limited Position (SLP) Function
* Adding the Safe Direction (SDI) Function
* Adding Multiple Safety Functions (SS2 + SLS)

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).

13



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.

NX-series NX1 CPU Unit
Additional /0O Power Supply Unit
Digital Input Unit

NX-series Safety CPU Unit
NX-series Safety

Input Unit

EtherCAT

AC Servo Drive

AC Servomotor

® Configuration Devices

Error clear button

4

Safety Key Selector Switch

Safety-door Switch

Emergency Stop Pushbutton

Switch ' )

Safety reset button

N (.v

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

NX-series NX1 CPU Unit NX102-[] NX-series NX102 CPU Unit Hardware

(Standard controller) User's Manual (W593)

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

Digital Input Unit NX-I1DJ] NX-series Digital I/O Unit User’s Manual
(W521)

NX-series Safety CPU Unit NX-SL3300 NX-series Safety Control Unit User's

(Safety controller) Manual (Z930)

NX-series Safety Input Unit NX-SID[]

Ethernet/EtherCAT Communications | XS5W-TJ] -

Cable

AC Servo Drive R88D-1SAN(] 1S-series AC Servomotors/Servo Drives

AC Servomotor R88M-1A[] with Built-in EtherCAT Communications

Integrated Cable R88A-CX1[] and Safety Functionality User’s Manual
(1621)

Error clear button A3[] -

Safety Key Selector Switch A22TK]] -

Safety-door Switch D4NSJ] -

Emergency Stop Pushbutton Switch A22[] -

14




® Automation Software

Product Number of licenses Model

Sysmac Studio Standard Edition | None (DVD only) SYSMAC-SE200D

Version 1.27 From 1 license to site license SYSMAC-SE]]




2. Before You Begin

B Unpacking

1. | Unpack the motor package.
The package includes only one Servomotor and the instruction sheet. Cables are

provided separately.

2. | Unpack the drive package.
The Servo Drive comes with the following accessories.
* INSTRUCTION MANUAL x 1 copy
* Warning label x 1 sheet
* General Compliance Information and instructions for EU x 1 copy
+ Attached connector

M Installing the Sysmac Studio Standard Edition Version 1.27 or higher

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

- R
Sysmac StUdiO Version 1.0

© Copyrigit OMRON corporation 2010 Al Rights Roserved.
s program us. n the About box.

@ Additional Information
For further details on how to handle the drive and motor packages, refer to the ltems to Check After

Unpacking in the 1S-Series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and

Safety Functionality User’s Manual (Cat. No. 1621).

16



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-door Switch
‘\ B

3. Emergency Stop Pushbutton Switch

EtherCAT ' v

4. Safety reset button

o

Input device State Operation

1. Error clear button ON Enable error reset command

OFF Disable error reset command

2. Safety-door Switch Open | Enable STO command

Close | Disable STO command

3. Emergency Stop ON Enable STO command
Pushbutton Switch OFF | Disable STO command
4. Safety reset button ON Enable reset STO status command

OFF | Disable reset STO status command

17



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 600
r/min.

Velocity
+600[r/min]
0
Servo ON/OFF Servo OFF Servo ON | Servo OFF
Operation Command PCMD:OFF : | PCMD-OFF
@Standard Controller Q PCMD:ON :
STO Command(Status) i
@Safety CPU Unit Reset STO | Activate STO

S§TO Command(Status) Normal status | STO status

@Servo Drive



I 3.1. Installation and Wiring

B Space Conditions around Servo Drives

Install the Servo Drive according to the following instructions.

® single-unit Installation

@ Side-by-side Installation

3 |

=

L

giia)

N
Eront view
D::::l“" Distance

T 100 mim min.

B R88D-1SAN0D2H-ECT/-1SAND4H-ECT/-1SANDBH-ECT 150 mm min.
R88D-1SANTOH-ECT/-1SAN15H-ECT/-1SAN20H-ECT/-1SAN30H-ECT/ 180 mm min.
-1SAN10F-ECT/-1SAN1SF-ECT/-1SANZ0F-ECT/-1SAN30F-ECT

Si1 40 mm min.

Sz 10 mm min.

C1 R88D-1SAND2H-ECT/-1SAND4H-ECT/-1SANOBH-ECT/-1SANT0H-ECT 45 mm min.
R88D-1SAN1T5H-ECT/-1SAN20H-ECT/-15AN30H-ECT/-1SAN1T0F-ECT/ 60 mm min.
-1SAN15F-ECT/~1SAN20F-ECT/-1SAN30F-ECT

Cz 50 mm min.

Ca 80 mm min.

- 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.

- You can install Servo Drives without the clearance of S; if the operating ambient
temperature is from 0 to 45°C.

- When mounting the shield clamp, use the threads included in the Servo Drive or
specified standard threads.

- Before installing the Servo Drive on the control panel, mount the shield clamp to the
Servo Drive. Then connect the cable and fix the cable to the shield clamp.

- When you connect PC to the USB connector of the Servo Drive, separate the USB cable
from other cables such as the main circuit power supply cable.

19
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B Mounting the Servo Drive

1.

Put the Servo Drive in place and secure the top first and then the bottom.
Temporarily tighten the screw to attach the lower part of the Servo Drive and slide the
Servo Drive from top to bottom to put the U-groove of the Servo Drive on the screw.

ANE I

l(}laviy directon

%
'S4 N

—— |
T\
\\
\\
1

o

Tighten the screw at the upper part.

B i

l Gravity drecton

Mount a shield clamp bracket to the Servo Drive.

Tightening torque: 1.5 N+m

(It comes with a Servo d?ll". @ ()
\

Vg )
Shield clamp bracket I"ﬁ




Mount the shield clamp plate to the shield clamp bracket.
Tightening torque: 1.5 N*m
+ Do not cut cable ties.

Shield clamp
plate

M4 x 12 Screw
(It comes with a shield clamp bracket.)

B Mounting the Servomotor (The order of step 2 and step 3 depends on your mechanical

implementation.)

1. | Handle the Servomotor carefully and do not apply heavy impacts or loads
during transport, installation, or removal of the Servomotor.

2. | Fix and connect the Servomotor to the mechanical system.
First, check motor operation without any load.

3. | Connect the integrated cable.

Turn the knurling nut of a cable plug to counterclockwise direction.
Alignment mark of cable plug

-,

3 i l.."' ~
e A
Knuring nut /4 & T
e

Cable plug

e

Type M23 Connector

Align a mark of the motor receptacle with the printed “open” on the knurling nut.

Insert the knurling nut into the receptacle as far as it goes.

» Type M17 Connector

Motor receptacle
Color-ring
Knuring nut

State of a knuring nut inserted to a
Alignment mark of S motor receptacle firmly
motor receptacle H'a}.

21




» Type M23 Connector

Motor receptacle
Color-ring
Knuring nut

State of a knurling nut inserted to a

Alignment mark of motor receptacle firmly

motor receptacle

Turn the knurling nut to clockwise direction until it stops.

B

Additional Information

For further details on how to mount the Servomotor, refer to the 1S-series AC Servomotors/Servo

Drives with Built-in EtherCAT Communications and Safety Functionality User’s Manual (Cat. No. 1621).

M Wiring
1. | Overview
M Wiring Diagram
Protection Servo Drive Servomotor
Element Noise Filter [
] Encoder I 1 Encoder

L1
= U
= v

22
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@ =1

7]
? sl<|c

L
[ ]

B

Remove the main circuit connector (CNA), or the main circuit connector A (CNA)

2.
and control power supply connector (CND) from the Servo Drive.
200 V (up to 1 kW) 200V (1.5 -3 kW) and 400 V (1 - 3 kW)
[ 85515 ANOZH.ECTIASANGH-ECTI-ASANOBH.ECTIASANOH.ECT [ S st At e s T (SR '
3. | Wire the 24 V control power supply.

CNA
T ‘
o 0V

Connect wires with the spring opener.

Spring opener
Spring opener

Check the connector corresponding to your Servo Drive and AC power supply.




CNA for 200 V (up to 1 kW) CND for 200 V (1.5 - 3 kW) and 400 V (1 - 3 kW)

L1 12 13 83 B2 P/B1 N1 N2 N3f2av @] [2av @] ne

oDooooooood [

OO0O0COO0O0O0O0O0O0 00O
o I

Wire the main circuit power supply.
Check the connector corresponding to your Servo Drive and AC power supply.
Single-phase

200 V (up to 1 kW) 200 V (1.5 kW)
1MC\LJ 1213] B3 B2 P/BL N1 N2 N3+24V @ B1 B2 B3 [13] L2 [
\ CNA
L1 goooooooooo|dd 8 0o0dd
OOOOOOOOOOO[{OOOOOO
L3 L = | =y :
3-phase
200 V (up to 1 kW) 200V (1.5-3 kW) and 400 V (1 - 3 kW)
e -4 4 ———— ]% [(1 12 (3] B3 B2 P/B1 N1 N2 N3+24v @ Bi B2 B3
t@)& I A 0 OO0 0000
IS COO0OO00O0O0O00C0OO0 OO0 0000
—\‘If- L3 T =)y

Example: CNA for 200 V (up to 1 kW)

Remove the motor connector (CNC) from the Servo Drive.

| Encoder connector
(cN2)

— Brake interlock
connector (CN12)

Connect the power line to the phase U, V, and W of the Servomotor.

Pin No. Name

1 U

2 3
[
ON®)
w -

<
ogl-

Screw the PE wire of the main circuit power supply cable to the Servo Drive.

Steminal

Top view

Plug back the above connectors to the Servo Drive. (Power and motor)

Screw the FG wire of the motor cable to the Servo Drive.

1

Safety signal — Il ,, °
connector | h

(CN14) Lo
8

@terminal 4-

23
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10. | Plug the encoder cable into the Servo Drive. (CN2)
e ]
Safe brake control — Brake interlock
connector (CN15) connector (CN12)
Mo(orcmnector(CNC)—.
11. | When you use a motor with a brake, plug the brake cable into the Servo Drive.

(CN12)

<& NEX
Safe brake control 2 ) T Orake ariock
connedtor (CN15) R 3 connector (CN12)
\ \

@wmnal

Pin Sy e Pin i
! h | = e h w “l_v.: |
1 |SBCPS 24-V power supply for SBC (+) 5 |SBCCM 24-V power supply for SBC (-)
2 |SBCPS 24-V power supply for SBC (+) 8 |SBCRFB SBC relay feedback nput
3 |S1+ SBC1+ 7 |S1- SBC1-
4 |S2+ SBC2+ 8 |S2- SBC2-
® Connector for CN15 (8 Pins)
Model | Manufacturer |  Omron model
DFMC1,54-57-3 5-LRBK | PHOENIX CONTACT | RESA-CN102S

Applicable wire: AWG 24 © 16 (0.210 1.5 mm?) (Strip length of the wire insulating cover: 10 mm)

=\

Additional Information

For further details on wiring, refer to the 1S-series AC Servomotors/Servo Drives with Built-in

EtherCAT Communications and Safety Functionality User’s Manual (Cat. No. 1621).




W Safety Wiring

1. | By default, hard-wired STO is disabled and bypassed with jumpers.

1:EDM+P EDM- 112
2:EDM+

Rl
>
iy
%]

S
SF1+ 114

SF1- :15

o
=
(=)

SF2+

6:5F2- SF2- 17
7:SFB
8:T0O1 TO2 :19
9:S0PT1 SOPT2 :20

10:I0v 10

i
[
]
-

1)
|| | | | e e | e = | =
=
(@]
o
o]

—k

11:FG FG 122

2. | When using hard-wired STO, make the wiring between the Safety CPU Unit and
the Servo Drive as shown below.

Safety ,Safet \
y output
Controller (source) ,
GISP Series Safety Servo Drive P
output 1 SF1 +

]
= i 1
Safety input . il_ >
| ! 1
Safety SF1- o ! .
output 2 SF2 + | ’_‘_@
|
1
I
1
I
1

B
fov J T

Wire SF1 and SF2 to different safety outputs.

Safety Controller

[TE
1:EDM+P LI, |LEDM- :12)
2:EDM+ AL (L SFA :13)
Safety Outputl 3:SF1+ ;: SF1+ 114
4:SF1- AlliS SF1- :15]
Safety Output2 5:SF2+ L, SF2+ :16)
6:SF2- L SF2- 217
7578 [T
8:701 ZULL || TO2 :19 ov
9:S0PT1 (L SOPT2 ___ :20|
10:10V UL || 10G 21
11:FG /UL [ FG :22)
[

25



When using hard-wired STO for multiple Servo Drives, make the wiring between the
Safety CPU Unit and the Servo Drives as shown below.

Safety
Controller ,Safety output \

GYSP Series (source)
Safety output 1

Servo Drive

]
I
{ i
i
Safety | 0000 = 4R o1 N | ° 1
| +
G output2 | o | SF2+ | R - 1 ! »—*—@
i
I
I
I
I
[}
I

Safety Controller Servo Drive 1

1:EDM+P EDM- 212 1:EDM+P.
2:EDM+ SFA :13 2:EDM+

Safety Outputi 3:5F1+ SF1+ 14| 3:SF1+
4:SF1- SF1- 15p=—— 4:SFi-

Safety Output2 5:5F2+ SF2+ s1pp— 5:5F2+
6:5F2- SF2- 17 6:5F2-
7:SFB NC .18 7:SFB
8:T01 102 119 8:701
9:S0PTL SOPT2 120 9:50PT1
10:10V 106 21 10:10V
11:FG FG :22 11:FG

Note: When using a G9SP-series Safety Controller, you can connect up to four 1S-series

Servo Drives.




M 1/0 Wiring

When using general-purpose 1/0, make the wiring as shown below.
Example of Latch Input 1:

I Control I/O Signal Connections and External Signal Processing

General

—
=
s /ERR+ N
8l Lj__t___ Emor output

/ERR-

(greut |

Maximum
service voltage:
30VDC
Maximum
output current:
50mADC

I

Encoder pulses
_ Phase A output

icireuit
CE
‘o
>
¥

Extemal power

zgz':yi;?ﬁ“’ iy T A ;SE 5B Line driver output
i o Preces oupt | EARSIZEA
Z* Encoder pulses
_ Phase Z output
¢ GND
o FG
FGFraneground
Servo Drive connector view:
.
1:/ERR+ H JERR- 15
| reapy 2:0UT1+ 1] 7' @ [ {[ ouri- 16
[ R-ourt | 3:0ut2+ | I ‘ E ouT2- 17
| R-OUT2 || 4:0UT3+ | I _- - H OouT3- 18
o || IO | [ 15 |[por |
NOT 6:IN3 1] 7 (1] e 20 || pEC
MON1 7:IN5 I ‘ E INS 21 || Monz
EXTL 8:IN7 || [] N ] {[ me 22 | Eexm2 |
E I ] | ] E COMMON 23
00l
118+ H D) E B- 125
127+ 1] ' [z 26
o)
I O

B

Additional Information

For further details on wiring, refer to the 1S-series AC Servomotors/Servo Drives with Built-in

EtherCAT Communications and Safety Functionality User’s Manual (Cat. No. 1621).




I 3.2. System Configuration with Standard and Safety Controllers

H EtherCAT Node Address Configuration

1. Use the ID switches to set the EtherCAT node address of the Servo Drive to 1.

ID switches ———» [

2. Connect an EtherCAT communications cable to the device.

ECAT IN CN10: EtherCAT cable from NX102 CPU Unit

EtherCATMaster
_ I/OPowerSupply Unit
q] NX Safety CPU Unit
T NX Safety Input/Output Unit
| Digital Input/Output Unit

CN10
- ECATIN

=

Additional Information

For further details on the Safety Control Unit, refer to the NX-series Safety Control Unit User's Manual
(Cat. No. Z930).

28



I 3.3. Sysmac Studio Project Creation

M Creating a Network Configuration

1.

Select the NX102-9000 Controller from the list.
e i=} Project Properties
Project name Mew Project

@ Open Project
P ) Author

& Import...

Comment
Online
4 Connect to Device Type Standard Project
Version Control
¥, Version Control Explorer 'E'] Select Device
Lic Category Controller

3 License P
Version

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.

Multiview Explorer

new_Controller_ 0 &

» T Controller Setup
» &+ Motion Control Setup
¢ Cam Data Settings

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

29
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Node Address|Network configuration
= Master
Master

R88D-1SANO2H-ECT Rew:1.0

Change the device name of the Servo Drive to E_AXxis0.

mooer name nooU- 13RI
Product name RBED-1SANOZH-ECT 200V/200W ServoDrive
Revision 10
PDO Communications Cycle PDO Communications Cycle 1 (2000 us)
Node Address
Enable/Disable Settings TEnabled v
Serial Number 000000000
0x6040:00 261th receive PDO Mapping/Contr...
1th receive PDO Mapping/Targe..
receive PDO Mapping/Target.
receive PDO Mapping/Target.

y
OxB060:00 261th receive PDO Mapping/Maode.
0x6088:00 261th receive PDO Mapping/Touch.
0x607F-00 261th receive PDO Mapping/Max p...

=

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.

Ml 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.

new_Controlier 0 v l

M Coniguaticas and Sewp |

v

The axis Axis0O is added to the Multiview Explorer.
This added axis is called the axis 0.

i EtherCAT

> (© Nodel : Ri
» 5 CPU/Expansio

< VO Map

¢’ Cam Data Settings

> Event




Right-click Axis0 (axis 0) in the Multiview Explorer and select Edit from the menu.

% Motion Control Setup

Axis Settings

Axes Group Settint

/ < Cut
¢’ Cam Data Settings
> Event Settings Copy
%, Task Settings Delete

| Data Trace Settings Rename

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

{.:pi

Ayis number
trol

Control function

Feedback control
Channel
Channel
Channel
Channel
Channel
Channel

¥ Detailed Settings

Axis number
Motion control

A =

Control function
teedback control
Input device 1
Input device 2
Input device 3
Output device 1
Output device 2
Output device 3

» Detailed Settings

Na control I6op
Nt —

Input device 3
Output dev

Asis number
Motion contral
use
Asis type
Control function
Feedback control

i Channel

< d Channel

< Channel

Channel

Channel

Channel

31



32

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: 1,048,576 pulse/rev

Work travel distance per motor rotation: 1,048,576 pulse/rev

k4

¥ Unit
Unit of display O pulse @® mm @® um ® mm @ degree

¥ Travel Distance
Command pulse count per motor rotatio 1 [IEMBETYTI pulse/rev -- -

© Do not use gearbox
Work travel distance per motor rotatio | pulse/rev - - (2

Reference: Unit conversion formula
(1) Command pulse count per motor rotati

[Rrercs pakss ikl S (2) Work travel distance per motor rotation [LRE

* Travel distance [Unit of display]

Operation Settings
Maximum velocity: 52,428,800 pulse/s (3,000 r/min)
Maximum jog velocity: 1,048,576 pulse/s (60 r/min)

-
D)

¥ Velocity/Acceleration/Deceleration

Maximum velocity 52428800 FRVEIE Velocity warning value || EEGE] >

Start velocity INEEEN'] oulse/s

Maximum jog velocity | ulse/s

Maximum acceleration )] pulse/sh2 Acceleration warning value

Maximum deceleration ‘ pulse/s*2 Deceleration waming value
Acceleration/deceleration over [Use rapid acceleration/deceleration (Blending is changed to Buffered) ¥

Operation selection at Reversing [Deceleration stop v

¥ Torque

Positive torque warning value |G * Negative torque warning value [[INEGE >

¥ Monitor

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

Position Count Settings
Count mode: Linear mode

Meodule maximum
Modulo minimum
Encoder type [Incremental encoder v




Bl Setting the Network Configuration

1.

Double-click CPU Rack.

Multiview Explorer

new_Controlier_0 v

Drag a system unit device to the location where you want to add it in the CPU
and Expansion Racks Tab Page.
In this example, drag the NX-PF0630 Additional 1/0 Power Supply Unit.

Multiview Explorer
’new_Contmllev_O 2
A4 Configurations and Setup
= “mkm':!'m-'n
> erCAT
NX. PCO020 Ver:1.0
[T B
“ NX-PDI1000 Ver 1.0
& VOMsp (1]
» T Controller Setup
¥ # Motion Control Setup

n
“ NX-TEXD} Verr1.0

Drag a safety CPU device to the location where you want to add it in the CPU
and Expansion Racks Tab Page.
In this example, drag the NX-SL3300 Safety CPU Unit.

Toolbox -1

H Analog Input Device

H Analog Qutput Device

H Heater Bumout Detect Device

I Load Cell Input Device

H Temperature Control Device

H Position Interface Device

I Serial Interface Unit
Multiview Explorer H RFID Device

H System Unit Device
new_Controller 0 ¥ [#] Safety CPU Device

. . I Safety Digital Input Device
bl Configurations and Setup Fetes sl Mhrbsd Ponien
= A

ne
rCAT \Input Keyword
ion Racks

M Show all versions

MNX-5L3300 Ver:1.1
Safety CPU Unit

I] NX-5L3500 Ver1.1

NX-SL5500 Ver:14

I] NX-SL5700 Ver:1.4
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. igital inpu Vi ionw uw it i
4 Drag a safety digital input device to the location where yo ant to add it in the
CPU and Expansion Racks Tab Page.
In this example, drag the NX-SID800 Safety Input Unit.
|
1 Load Cell Input Device
A Temperature Control ice
1] :’ou::n :merf«e‘l’)ev?;v
[ Serial Interface Unit
[ RFID Device
= z I System Unit Device
‘Ju"lu,.cw{xplarcf Expansion Racks X [ Safety CPU Device
e Cootrolec) v = 0 Safety E;.:;.Q Output Device
] Confgunstonssnasetwp | 1 0-Link
» 5 EtherCAT
Input Keyword
% Show all version|
“ NX-SIH400 Ver:1.1
1 Controller Setup “ 1Y
5. | 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.
1 Analog Input Device
= - 1 Analiog Output Device
Multiview Explorer CPU/Expansion Racks X H”L;;'éfﬁ"i.:':x:.m“"
new_Controller 0 2 2 s e
A4 Configurations and Setup | s
herCAT e
Unit 1+ NX-PFO630 (N1) | L
Unit 2 : NX-SL3300 (N2)
| § e e —
Unit 3 : NX-SID800 (N3) ll NXADMA2 Ver1.0
Unit 4 : NX-ID4342 (N4) l I~u 105142-1 Ver 1D
6. | Turn ON the power supply to all devices.

Bl Setting to Transfer Data from the Standard Controller to the Safety Controller

1.

Select new_SafetyCPUO from the list.

Whvi-nm R B

new_Controller 0 v
nows Cantenllar 01

» (© Nodel : R88D-1SAN
V¥ 5 CPU/Expansion Racks
» == CPU Rack

Double-click Exposed Variables.

Multiview Explorer
"~ new_SafetyCPUD +
A4 Configurations and Setup

¥ 7, Communications

¥ & Safety
> i, Safety VO
¥ &) Standard




L variable to Input (Input to the Safety CPU Unit).
¢ 0000000000000 ]

» Output (Output from Safety CPU Unit)
¥ Input (Input to Safety CPU Unit)

Add the ErrorClearFromNX BOO

Multivi

new_SafetyCPUD v

A Configurations and Setu . [

ns

Open the I/O Map and create device variables.

Port Variable name
ErrorClearFromNX ErrorClearToSafetyCPU
Input Bit 00 ErrorClearSW

NXBusMa

Unitl
Unit2

Input Bit 00
Input Bit 01
Input Bit 02

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

the safety controller.

Multiview Explorer - 1

new_Controller_0 2 | ﬂ

[ 3 Configurations and Setup
hjJ Frogramming
¥ il POUs

ErrorClearToSafetyCPU

v, wawwoy buny
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M Setting the Safety Controller
This section describes how to set safety input devices.

1.

Select new_SafetyCPUO from the list.

new_Controller 0 v
nows Cantrallar N1

[ MIEW_SSIEtYCFUOU =Y —

» (© Nodel : R88D-1SANO2H-ECT (E_Axis0) : O
V¥ 5 CPU/Expansion Racks
» == CPU Rack

Double-click Parameters.

new_SafetyCPUD v

Configurations and Setup

mmunications

<Search> -

¥ Input Device: Safety Switch

Emergency Stop Switch for Dual Chaf

Emergency Stop Switch for Single Ch

Safety-door Switch for Dual Channel Equivalent] | NXBusMaster/Unit3 : NX-SIDB0O (N3 : InstanceT)

$i00

Si01
! —] 0
u

P sio2

Safety-door Switch for Dual Channel

Safety-door Switch for Single Chann

Safety Limit Switch for Dual Channel
» sios
P sios Si01 Safety Limit Switch for Dual Channel
P sios
P sios afety Limit Switch for Single Chann
» sio7

Two-hand Switches
Safety Key Selector Switch for Dual C}

afety Key Selector Switch for Dual (]

E I Safety Key Selector Switch for Single|

(e[ %] / o o | o el | o}

Drag two safety key selector switches for single channel to the desired I/O
terminals.

<Search>

¥ Input Device: Safety Switch

Emergency Stop Switch for Dual Channel Equivalent

Emergency Stop Switch for Single Channel

Safety-door Swilch for Dual Channel Equivalent] | NXBusMaster/Unit3 ; NX-SIDB00 (NS : Instance) B

i 5i00
i Sio1
T
il
Safety Key Selector Switch for Single Channel [
Si02
L To 5100, Si01

Safety Key Selector Switch for Single Channel

Safety-door Switch for Dual Channel Complementary

Safety-door Switch for Single Channel

Safety Limit Switch for Dual Channel Equivalent

Safety Limit Switch for Dual Channel Complementary

Safety Limit Switch for Single Channel

%% / o || fmfomm e | Golo

TOpT
ﬁ |:V74’ sio3 (N J Two-hand Switches
T
» s Safety Key Selector Switch for Dual Channel Equivalent
Ib 5105 ono fety Key Sels S h for Dual Ch !
P s o0 Safety Key Selector Switch for Dual Channel Complemeni
P sio7 5104505

I




Drag an emergency stop pushbutton switch to the desired I/O terminal.

Safety-door Switch for Dual Channel Equivalent 3 : NX-SIDBOO (N3 : Instance1)

T 4
T0
m

Safety Key Selector Switch for Single Channel

02
To
Safety Key Selector Switch for Single Channel
= 503
n

Emergency Stop Switch for Dual Channel Equivalen

v DR

|

Safety-door Switch for Dual Channel Equivalent NXBusMaster/Unit3 : NX-SIDBOO (N3 : Instance1) S
— 5i00 =
i siot Reset Switch without Test Pulse
- T
T P Input Device: Gen
Safety Key Selector Switch for Single Channel > Output Devic: it uided Contact

- sioz - » Output Devic:
T0 Si00Si0
Safety Key Selector Switch for Single Channel
- 503
[ B . S

Emergency Stap Switch for Dual Channel Equivalent)

Sio4

, V si05
v 5

[/ Reset Switch with Test Pulse

e~ 5i06
— T
si07

Multiview Explorer

[ new_SafetyCPUO v

A4 Configurations and Setup

¥ 1.# Communications

¥, Task Settings
«* I/O Map

Create device variables for the safety input devices.

Port Variable name

Si00 Logical Value SI_DoorSwitch

Si02 Logical Value SI_KeySelectorSwitch1

Si03 Logical Value SI_KeySelectorSwitch2

Si04 Logical Value SI_E_Stop

Si06 Logical Value SI_ResetSignal

Configurations and Setup B 02-1000
00 O |_DoorSwitch lobal Variables
0 BOO
0 IO IS | KeySelectorSwitchl Slobal Variables
= 0 2 " O I_KeySelectorSwitch2 Global Variables
Programming 04 Logical Va R 200 SIS Slobal Variables
0 A 800
o PN ResetSignal Iaocal Variables
0 80O
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Double-click SRA Parameters.

Multiview Explorer

new_SafetyCPUO v

A4 Configurations and Setup

¥ 7. Communications

V¥ & Safety

V i, Safety I/O
» }¥ NXBusMaster/Unit3 : NX-SID800 (N3 : Instance
¥ 5 Nodel : R88D-1SANO2H-ECT (E_Axis0 : Instanc

| SRA Paramet

» &) Standard

Click the Common Settings Button and set the Motor Rotation Direction Field
and the Safety Position/Velocity Validation Monitoring Function Field.

Set Safety Motor Rotation Direction Selection (4F03.00hex) and Motor Rotation
Direction Selection (3000.01hex) to the same value.

Make sure that Safety Position/Velocity Validation Monitoring Function is set to
Enabled.

¥ Motor Rotation Direction

Safety Motor Rotation Direction Selection (4F03.00hex) [13A positive direction command sets the motor rofation 1o counterclockwise direction. ¥
Motor Rotation Direction Selection (3000.0Thex) 1: A positive direcion command sets the motor rotation to counterclockwise direction.

¥ Safety Position/Velocity Validation Monitoring Function
Function Enable (4F01.01hex)
@ Disabled O Enabled
oD | Name | Unit | Reference Information |
4F01.02 Position Tolerance EncoderUnit 58254.000 [pulse]
4F01.03 Velocity Tolerance r/min 873813.333 [pulse/s]

Deactivate safety functions except for the STO function.
Clear the selections of the Active Check Boxes for SS1 instance1, SS2 instance1,
SOS instance1, SDIp, and SDIn to deactivate the unused safety functions.

No | Active Safety Functions Command




M 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.

1.

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

Multiview Explorer

. new_SafetyCPUD v
bl Configurations and Setup

¥ & Communications

Create device variables.

Port Variable name
Safety Connection Status for NX-SID800 | N3_Safety Connection_Status
STO Active for R88D-1SANO02H-ECT E_Axis0_STO_Active
Error for R88D-1SANO2H-ECT E_Axis0_Error
Safety Connection Status for R88D- E_Axis0_Safety_Connection_Status
1SANO2H-ECT
STO for R88D-1SANO2H-ECT E_Axis0_STO
Error Ack for R88D-1SANO2H-ECT E_Axis0_Error_Ack

Port R/W | Data Type Vanable Vanable Comment Vanable Type
¥ & CPU/Expansion Racks

NX102-1000
¥ ' NX-SID800
p Safety Inputs
¥ Status
Safety Connection Status R i¥.22:To o/ IMN 3 Safety_Connection_Status lobal Variables
Safety Input Terminal Status R SAFEEOOL
¥ & EtherCAT Network
Master
¥  R88D-1SANO2H-ECT
¥ Safety Inputs
STO Active Sl AxisO STO Active ] Global Variables
SOS command1 Active SAFEEOOL
5Dlp command Active SAFEEOOL
SDIn command Active SAFEBOOL
Error LY\23:Telo ME AxisO_Error [Global Variables

Safety Connection Status LY\ 22 "0 o/ BIlIE AxisO_Safety_Connection_Status
¥ Safety Outputs

SAFEBOOL |[SEEEUEN()

AEERO)
SAFEBOOL .
SAFEBOOL [FLVEIN TN S |Global Variables
AEEROO
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2. Create a safety program using the Automatic Programming function.

1. | Click Automatic Programming from the Insert Menu.

: v @ @ Controller

Application Manager
(YIRS Safety Network Controller »
Drive
HMI
A Configurations  pjescyrement Sensor
Vision Sensor

Slave Terminal

Program

Function Block

“AI‘ e P i3

2. | Set the reset signal to SI_ResetSignal in the Basic Settings Field.

¥ Basic Settings

EEESUE N S| ResetSignal [ ]

3. | Set SI_E-Stop and SI_DoorSwitch in the Input Settings Field.

¥ Input Settings

Function Block Name
SF_EmergencyStop
Manual SF_GuardMonitoring | I

Comment | Reset Type

| SI_DoarSwitch

4. | Set E_Axis0_STO in the Output Settings Field.
Set the Use EDM Column to TRUE.

¥ Output Settings

Variable | Comment | UseEDM | |

.|
leasoso | | fmwe J

5. | Set the E_Axis0_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
SL_E Stop Manual

51_DoorSwitch Manual _

Generate Register Vanables

AutoProgram1 is added.
Multiview Explorer

[ new SafetycPug v

v
¥ @ POUs
¥ 5 Programs

L 3% AutoProgrami

L 5 Frogramu




3. Modify the created safety program.

1.

Double-click AutoProgram1.

Multiview Explorer

new_SafetyCPUD v

AutoProgram1

Frogramu

The program shown below appears.

1

t#350ms |ResetPulaeWidI:h

OC_ResetSignal 0
0OC_ResetSignal
SI ResetSignal Reset ResetSignal Out ——S

b

SF_EmergencyStop_0

TRUE Activate
S5I_E_Stop 5_EStopIn
FALSE 5 StartReset

FLLSE 5_RutoReset

S5I_ResetSignal_Qut Reset

‘ SF_EmergencyStop

Ready

5_EStopOut

Error

DiagCode

S5F_GuardMonitoring 0

I ResetSignal Out

5I E Stop Out

TRUE Activate

5I_DoorSwitch ‘S_Gu.nrdsw.tchl

SI DoorSwitch S GuardSwitch2

T#ls DiscrepancyTime

FALSE 5 StartReset

FLLSE 5_RutoReset

S5I_ResetSignal_Out Reset

5_GuardMonitoring

‘ SF GuardMonitoring

Ready — SI_DoorSwitch Cut

Error

DiagCode

SI_E_Stop_Cut ‘ &

SI DoorSwitch Out

TRUE 5_StartReset

SF_EDM 0_Reset Reset

SF_EDM O
| SF_EDM
TRUE Activate Ready
E Axis0 STO In 5_OutControl 5_EDM Cut
SF_EDM_0_S EDM1 | S_EDM1 Error
SF_EDM 0_S EDM2 | S_EDM2 DiagCode
t#300ms MonitoringTime

E_Axis0_S5STO_In

E Axis0_STO
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Add the code to assign ErrorClearFromNX to the ResetSignalFromNX local
variable.

ErrorClearFromNx ResetSignalFromNX

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

NOT AND

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
[ N3_Safety Connection_Status Activate Ready ~ SI_DoorSwitch_Out
SI_DoorSwitch S_GuardSwitchl S_GuardMonitoring
SI_DoorSwitch S_GuardSwitch2 Erroxr—
téls DiscrepancyTime DiagCode —

FALSE S_StartReset
FALSE S_RAutoReset

SI_ResetSignal_ Out —jReset

Change the output variable from E_Axis0_STO_IN to E_Axis0_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_Axis0_Status and the

input parameter to the Reset input variable to S/_ResetSignal_Out 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
SF_EDM

l E_Axis0_Status Rctivate I Ready E_Rxis0_STO

E_Axis0_STO_In_ALL S_OutControl S_EDM_Out

E_Axis0_STO_Active S_EDM1 Error —

E_Axis0_STO_Active S_EDM2 DiagCode

t#300ms MonitoringTime
TRUE S_StartReset

l SI_ResetSignal_Out —Reset I

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

RegetSignalFromiNX Reset ErrorAck

0C_SF_ResetSafetyError_0
OC_SF_ResetSafetyBrror

E_Axis0_Safety Connection_Status Activate Ready — E_Axi=z0 Error Ack

t#350ms |ResatPulSEW1dth
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Check that the created program is the same as shown below.

1

0C_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 5 _EStoplIn 5_EStopQut
FALSE |575tul‘tR.EEet Error—
FALSE |5_A|ltﬂRE591: DiagCode —
S5I_ResetSignal Out «‘Reset

SF_GuardMcnitoring_0

SF_GuardMonitoring

N3 Safety Connection Status — Activate Ready SI_DoorSwitch Out
SI_DoorSwitch |5 GuardSwitchl 5_GuardMonitoring
SI_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 Axis0 STC In ALL — 5 OutControl 5_EDM Out
Error—
E Axiz0 STC Active — 5 EDM2 DiagCode [

t#300ms

E_Bxis0_STO_kctive Is_Emu
IMammnnnge

TRUE 5_StartReset

SI_ResetSignal_Out —Reset

0C_SF ResetSafetyError 0

ResetSignalFromNX —Reset

t$350ms

OC_SF_ResetSafetyError
E_Bxis0_Safety Connection_Status —Activate Ready

ResetPulseWidth

E_Bxis0_Error Ack




10.

Delete ProgramO.

Multiview Explorer

e SaletyC

| @ Configurations and Setup
A4 Programming

v @ POUs
V¥ & Programs
AutoProgram1

11.

Connect to the standard controller.
Change the connection method

sject  Controller  Simulation  Tools  Help
Setup..
Chafige Device
Online Cul-W

Transfer... b

Test the connection.

Bl Communications Setup

¥ Connection type

at cvery online connection.

192.168. 250. 001

USE Commu it | Ethernet Commi <t

Confirm that Test OK is displayed and connect to the standard controller.
I
i

ik
h

12.

Transfer to the standard controller.
Click the Synchronization Button to synchronize with the standard controller.

[ ]
Transfer to the standard controller.

Legend: | Synchronized || ¢ A
B Clear the present values of vaniables with Retain attribute (Valid for Transfer to Controller).
M Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

%' Do not transfer the following. (All items are not transferred.)
- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.
%' Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

[:.’ All data will be transferred because the projects in the computer and the controller are different.

Transfer To Controller Transfer From Controller
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13.

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller 0

mmsss Canbonllne N
' - —

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

B "‘*

PROGRAM Mode

Click the DEBUG Mode Button to enter DEBUG mode.

<

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

]
o~ fi
. Start Debugging .

Click the Safety Validation Button.

Safety Validation

The safety application is now ready to run.

kSafety Validation

Safety CPU Unit will start in RUN mode on next startup

o]




14. | The FSoE communications are now established.

The FS indicator is lit in green.

emeen AC SERVO
= ) 27|
Wl U] |PHEPH |
e 200W — — —
I| NI g FS Displays FSoE Green | ON FSoE slave connection established I
[ A - —
=y ole=b o Etheraiiz= :omrmmmons Flashing ToeE Sive o =
EBHD-1SAR = ' Progress
CEH-ECT =EAR 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 Emmor

B 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.

e’

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.

o’

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




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

M Quick Parameter Setup and I/0 Monitor Wizard

1.

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

s Trac  Status Monitor

n F Motor and Encoder
Test Run
?  Damping Control
Inibalze

Properties

Direct Connection (US8)

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

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

¥ Quick Parameter Setup and 17O Monitor

Quick Parameter Setup and /0O Monitor

Setup basic parameters quickly and monitor /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

Tune based on simple steps. e

Tune based on setting the machine rigidity.

Select whether or not an OMRON Controller is connected.

Recommended settings O'—JE

When using I/O features of the Servo Drive in the motion control (MC) function module
of the Sysmac 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)

Selects the operating method for the absolute encoder.
~How to Use Absolute Encoder —

@ Use as absolute encoder

@ Use as incremental encoder

© Use as absolute encoder but ignore muiti-rotation counter overflow

Transfer To Drive

NOTE: This setting changes 4510.01 hex 'Operation Selection when Using Absolute Encoder’.

All 1S-series Servomotors have an absolute encoder, and it can be used as an
incremental encoder if needed. When the Sysmac Controller is used, it is
recommended to keep the default value (as described in step 3).
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Set up the absolute encoder (if required).

Setup Absolute Encoder

Launch Motor and Encoder view

Use this function when clearing the multiple rotation data or when replacing a
Servomotor in the actual machine.

Resetting multiple rotation data

Click the Clear system Button.

Value

¥ Encoder Error
‘v Encoder Status

Encoder - Resolution per Rotation 8388608

Encoder - One-rotation Data 7819385 Encoder Unit

Encoder - Multi-rotation Data 522 Rotations

Encoder - Electric Angle 237 degree

Encoder - Mechanical Angle 335 degree

Encoder - Encoder Temperature 40°C

¥ Operations

Clear syEjm “ Muitiple rotation data will be cleared, and the machine system will change to a new position data system.

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

E Encoder- Ele ysmac Stucio
E Encoder - Me

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.
~CurrentAlarm ———————————————————
Event Name | Emor 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.
Jo aegree
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 | ErorCode |

Reset alarm
Reset Communications Error Count

Reset Motor Replacement Detection error




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

NOTE: This changes hex "Motor Rotation Direction Setting”,

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
Jogging |

Target Speed

T

Acceleration/Deceleration Time
s

Step Distance [}

m Command Unit
m shaft revolutions
Number of Cycles

Dwell Time

‘ Motion —
Actual Current Position

k; 63501334 RO AT

Actual Current Speed

Note: When the Error Stop Input (ESTP) (Error No. 87.00) occurs, check wiring

Motion -
Actual Current Position

[x50GyEE] Command Unit

Actual Current Speed

Servo OFF

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.

Positive Drive Prohibition Input - Port v
Negatre Drive Probixbion Input - Por v
Home Praxsmity Input - Port Selection v
Monitor Input 1~ Port Selection (MO v

Monitor Input 2~ Port Selection (MON v

External Latch Input 1 - Port Selection v

Exfernal Latch input 2 - Port Selection v

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.

B 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.

"< Direct 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/O Monitor

Quick Parameter Setup and I/O Monitor

Setup basic parameters quickly and monitor /0 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

T
une based on simple steps. gt

Tune based on setting the machine rigidity.

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

53



54

Profile and Criteria
Set the motion profile generator.

» Profile and Criteria » o » o » a

Configure auto tuning behavior and criteria of finishing auto tuning.
¥ Motion Profile Generator

@ The Maotion Controller will perform the motion profile

O Sysmac Studio (not the Motion Controller) will perform a Cydlic Step

Direction  Forwaed > Reverse

ft revolutions

Acceleration/Deceleration Time ms

¥ Cnitena for finishing Auto Tune

Stabilization Time O Manual . Best Effort

n window 8000

nsiveness O Focus on positioning @ Focus on overshoot suppression

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

¥ Criteria for finishing Auto Tune

Stabilization Time Q Manual @ Best Effort

‘ 8000 2 and Unit

Responsiveness ) Focus on positioning @ Focus on overshoot suppression

Back to Portal

e 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.

» » Auto Tune Monitor » n » a

& Start button to start tuning. CAUTION: The mof be started

sigating away from v wher tuning is in progress will stop the operation.

Trial Number [Times)
on Proportional Gain 1 [Hz)

Speed Proportional Gain 1 [H

Tact Time [ms]

een completed
0 41 [ms)
00
18
13

50000 50000 S0000 50000

Click the Next Button.

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

= Time (ms)

Units

Comment
41 OD: Dx3221.82
51.5¢ OD: 0x3010.84
6E 0D: 0x3030.81
653436 45907 OD: 0x3010.91

250
Time (ms)
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Check the tuning results of the gain parameters.
Click the Save to EEPROM Button to save the gain parameters.

X

Machine - Inertia Ratio

Position Command Filter - IR Filter Cute .
Damping Control - Damping Filter 1 Selection 0« Disabled
Dar Control - Damping Filter 2 Selection 0 Disabled
Damping Filter 1 - 15t Frequency 3000
Damping Filter 1 - 15t Damping Time Coefficient 100
Damping Filter 1 - 2nd Frequency

Damping Filter 1 - 2nd Damping Time Co

Damping Filter 1 - 3rd Frequency

Damping Filter 1 - 3rd Damping Time Cocfficient

Dampung Filter 1 - 4th Frequency

Damping Filter 1 - 4th Damping Time Coefficient
Damping Filter 2 - 1st Frequency
Damping Filter 2 - 15t Damping Time Coefficient

Damping Filter 2 - 2rd Frequency

the drive EEPROM

Back to Portal

Click the Finish Button.

0 to 10000
10 to 50000
Ow4d

Ow4

05 to 3000
50 to 200
0.5 to 3000
50 to 200
0.5 t0 3000
50 00
0.5 to 3000
50 to 200

05 10 3000
50 to 200

0.5 to 3000




B 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

Overview

E Estimate inertia
SERVO ON — : FFT analysys

J

Adjust gains,
filters, maps

SERVO OFF —

Simulate in Simulate in time
frequency domain domain

e Check
SERVO ON behaviour

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
trial with actual machine.

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

2. Please select Advanced Auto-Tuning

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 1/0 Monitor

Setup basic parameters quickly and monitor I/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

Tune based on simple steps.
pEsTE analysis results.

Tune based on setting the machine rigidity.
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Confiquration (Wizard Step 1)

Please select your control mode

Configuration )

v 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”

¥ Selact Control Type

Control Mode  © Position Control @ Speed Control

¥ Load Characteristic Settings

Load characteristics have been updated

he mechanical system before tuning operation @ Use present setting

troller) will perform a Cyclic Step Note: If the settings do not match with current load characteristics,
the accuracy of tuning will be lower.
pction  Forward > Reverse v

Current settings on the drive:
jce 25165824 Ise:
® i Inertia Ratio [JEEER] %

Viscous Friction Coefficient %
Unbalanced Load Compensation %
amic Friction Compensation (Positive) %
nic Friction Compensation (Negative) %

Load characteristics settings estimated successfully.

len with current drive parameters.

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.

Peak gain of Spesd Closed Loop
blitude Gain % Sampling Cycle us Band [ENEEINN H=
foving Average Number
Taq m

Speed Integral (Hz)

79
(H2)

Coupled
Speed Proportional

Speed Integral [%

Position Proportional [l He — —

[ Enable Coupled

Torque Filter [% Hz —

EiEnable  Frequency IR = —— —
cu-IEER ———
oo BT = — —

¥ Torque Filter

¥ Notch Filter 1

» Naich Filter 2

Frequency (Hz)

100 Transfer To Drive

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)

1 ETH

T

Refe\rence Speed Amplitude m r/min Speed Offset _ r/min Speed Amplitude Gain m % Sampling Cycle b

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

Decrease Steady State Error -
%

Speed Integral (Hz)

Decrease Stabilization Time

32 79 199 500
Speed Proportional (Hz)

2 3 < 5 dB

% Speed Proportm Hz

Peak gain for Speed Closel Loop Peak gain for Speed Closed Loop

Speed Integral (Hz)

Speed Proportons!. Y] : Speed Proportons! NEEE] V=
Speedntegrol ] +: Speed Intega

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)
?

-3
(=}

e =
10 100

Frequency (Hz)

Activate the 15t notch filter to remove this resonance frequency at 2411 Hz:

¥ Notch Filter 1
I Enable Frequency Hz
Qvalue
Depth m dB Refresh t_a!cu!atm_n‘s_‘

1000
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Increase gain with Maps and simulate

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

Peak gain for Speed Clos Peak gain for S Jos
FROM gain for Speed Closed Loop
100
=

Before notch

filter adiustment

4 S dé

Speed Proportional 179.0 Mt
Specdintegrol L] Specdntegol INEEE] -

| Refresh Calculations

1000

Transfer To

10.

Time response simulation (Wizard step 4)

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

Motion Profile

Step Distance @ pulses Step Jog Speed m pm
(&) Wshaﬂ revolutions Acceleration/Deceleration Time 20 SRS

Simulate Motion Profile
(S

X Axis Time (ms) v r Ax MR a0~

Name | Units IX OffsetlY Offsetly Axis Min.|Y Axis Max.|Cut
) Position Command - Positior command unit  [1]

The chart is updated and shows:
- The speed command, speed detection simulation and following error
simulation.
If necessary, please adjust gains:

5 @ ton - Procent Notor veocty o .




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

¥ Feed-Forward Gain ¥ Feed-Forward Gain
Enable

Position Following Gain % Position Followi

Velocity Following Gain % Velocity Following Gain
Velocity FF Gain 0 Velocity FF Gain
Velocity FF LPF 0 Velocity FF LPF

Torque FF Gain Torque FF Gain

Torque FF LPF z Torque FF LPF

Refresh Calculations

BlO0 = Fe v v o ©)

Following error has been reduced.

11. 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)

A\ CAUTION: Start Trace button

Motion Profile
Step Distance @ 5 Step Jog Si

#(motion profile in Wizard step 3)

The chart is updated and shows:
- The speed command, speed detection, following error and torque.

OIOQ Cnii ruiimmg brror (3 ) Comrard Ut O
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13. | Results (Wizard step 5)

~Related Parameters

W | Drive Value # | Default % | Range ™ | Units ' |Data Attribute ¥ |
| A 0 T [ E—|
300001 Machine - Inertia Ratio 1187 50 01010000 % A
301103 Position Command Filter - IIR Filter Enable 1: Enabled 1 Otol
3011.04 Position Command Filter - TIR Filter Cutoff Freq 790 179.0 L 1.0 to 50000 Hz
= 311201 ODF Velocity Feed-forward - Gain 300 1 00101000 %
ODF Velocity Feed-forward - LPF Enable 0: Disabled Otol
= ODF Velocity Feed-forward - LPF Cutoff Freque:-- 5000.0 1.0 to 50000 Hz
= 311301 ODF Torque Feed-forward - Gain 00 A 1 00101000 %

»

= 311302 ODF Torque Feed-forward - LPF Enable 0: Disabled Otol

311303  ODF Torque Feed-forward - LPF Cutoff Frequency 50000 1 1 10050000 Hz
312001 TDF Position Control - Command Following Gain 10105000 %
312101  TDF Velocity Control - Command Following Gain 100 10105000 %
= 321301  1stPosition Control Gain - Proportional Gain 4 7 y 00105000 Hz
322301 t Velocity Control Gain - Proportional Gain 1 001t030000 Hz
1st Velocity Control Gain - Integral Gain .. 0.0 to 16000 Hz

1t Torque Command Filter - Enable 1:Enabled Otol
15t Torque Command Filter - Cutoff Frequency 6 10050000 Hz

>»>P>>»>>>»>>>>>

>

Torque Compensation - Viscous Friction Coeffic 3 X 0.0to 10000 %
Torque Compensation - Positive Dynamic Fricti 1.1 1 X 00101000 %

Torgue Compensation - Negative Dynamic Frict--- 1 : X 00101000 %

> > > »

jotch Filter - Enable Enabled Otol

Save to EEPROM

~Apply changes
EEFROM.
Changes successfully saved in non-volatile memory.

I 3.6. Creating a Motor Control Program

M Creating a Standard Program

1. | Open the I/O Map and create a device variable.

Port Variable name
STO command active for R88D-1SANO2H- | E_Axis0_STO_command_active
ECT

Multhiew Exp

R Dosipbon | RW| DataType | Vonsble | Vorble Comment
A4 Configurations and Setup
1.* Communications Controlword Controbword
Target position Target position
Target velocity Target velocity
Target torque Target torque
Modes of operation Modes of operation
Touch probe function Touch probe function
Max profile vekity Max profile velocity

Touch probe pos2 pos value Touch probe pos2 pos valu R

» Digital inputs Dxgetal inputs R
» Mirror Safety controtword Mirror Safety controbwoed R
W Mirror Safety statusword Mirror Safety statusword R
STO command active Mirror Safety Statusword 0 R Axis0_STO_command_acte Global Vorables

2. | Create the following code:
1. The Servo is turned ON or OFF.
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1 PWR
MC_Power
Aiz0—f Axis Aodis f— AxisD
CmdSrvOn SrvOnStatus
| ——enaoe Statu

Busy [—Ent:
Error

ErroriD = Ent:

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

2 VEL
MC_MoveVelocity

AxisD— Axis Aoris|—AxisD
SrvOnStatus CmdvelStart
Execute InVelocity
10485760— Velocity Busy|—Enter Variable
10485760— Acceleration Active

10485760— Deceleration CommandAborted

Error

Direction ErroriD f—Ente:

Continuous

ioble— BufferMode

3. The Servomotor is stopped.

3 STOP

MC_Step
Axis— Axis Axis = Axis0
CmdStop
Execute Done
10485760 Deceleration Busy|

e—{Jerk Active

e— BufferMode CommandAborted |— Enf:

Error|

ErroriD|— Enter Varioble

4. The errors of the Servo Drive are reset.

4 DRV_RESET
MC_Reset

Axis0— Axis Axis — AxisD

ErrorClearSW
'— Execute Don

Busy

Failure

Error

ErrorlD [— Enter Variable

5. The errors of the standard controller are reset.

5 ) ~ ResetMC
ErrorClearSW ResetMCError

]I i— Execute Don

Busy|—Enter Variable
Failure

Error

ErrorlD

ResetEtherCAT

ResetECError
—— Execute Don

Busy

Errar|

ErrorlDj—Ent

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

3 1{=if E_Axis0_STO_command_active =TRUE THEN

2 CmdSrvOn:=FALSE:
3 CmdVelStart:=FALSE;
4 | END_IF;
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Transfer to the standard controller.
Click the Transfer To Controller Button.

Transfer to the standard controller.

Legend: | Synchronized || * A
B Clear the present values of variables with Retain attribute (Valid for Transfer to Controller).
W Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)
- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.

%' Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

All data will be transferred because the projects in the computer and the controller are different.

Transfer To Controller Transfer From Controller




B Checking Operation

1.

Press the safety rest button.

o’

Double-click Section0 to display the section.

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

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

oE.

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

TYEOEcEEy

Check that the Servomotor rotates at about 600 r/min.
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Press the Emergency Stop Pushbutton Switch.

'h

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

— 1
i

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

o’

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




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 Brake Control (SBC) Function to the STO Function

This section describes how to add the SBC function to the project created in 3. Performing Setup.
The SBC function is used to interlock it with the Brake Interlock Output (BKIR).

M Changes in System Configuration
Change the Servomotor to a motor with a brake.

NX-series NX1 CPU Unit

Additional I/O power supply .
1. Error clear button 2. Safety Key Selector Switch

B 3. Safety-door Switch

4. Emergency Stop Pushbutton Switch

EtherCAT v

5. Safety reset button
— @

Cables with Brake Wire

Digital Input Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit

AC Servo Drive
AC Servomotor (with Brake)

Device name Model Manual name
AC Servomotor (with Brake) R88M-1A[]-BJ] 1S-series with Built-in EtherCAT
Communications and Safety

Functionality User's Manual (Cat. No.
1621)
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B Changes in Wiring

1.

When you use the SBC function, plug the brake cable into the Servo Drive.

(CN15)

e W“"”’—’ ST AR
Gromins
H Changes in Drive Parameters
1. | Set Drive parameters.
In this guide, set them as follows.
Name Object Value Unit

Brake Interlock Output 4610-01 hex 1: Enabled -
Timeout at Servo OFF 4610-02 hex 500 ms
Threshold Speed at Servo OFF 4610-03 hex 30 r/min
Hardware Delay Time 4610-04 hex 0 ms
External Brake Interlock Output 4663-01 hex SBC Output -

4610.01
4610.02
4610.03
4610.04

Brake Interlock Output - Enable
Brake Interlock Output - Timeout at Servo OFF

Brake Interlock Output - Threshold Speed at Ser...

Brake Interlock Output - Hardware Delay Time

External Brake Interlock Output - Logic Selection

1: Enabled
500

30

0

2147483648 : SBC Output

0 : Positive logic (NO contact)




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.

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

the torque is turned OFF, the Servo Drive activates the SBC function to monitor the brake

signal.

When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF. After
the torque is turned OFF, the Servo Drive activates the SBC function to monitor the brake

signal.

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

Input device State Operation
. Error clear button ON Enable error reset command
OFF Disable error reset command

. Safety-door Open Enable STO command

Switch Close Disable STO command
. Emergency Stop ON Enable STO command

Pushbutton OFF Disable STO command

Switch
. Safety reset ON Enable reset STO status command

button OFF Disable reset STO status command
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M Operation of SBC Function Interlocked with Motion Control and STO Function

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

2. When an operation command is enabled, the command velocity to the Servomotor is set to 600
r/min.

3. When the STO function is executed, the Servo Drive shifts to the STO state and turns OFF
torque. After the torque is turned OFF, the Servo Drive activates the SBC function.

Velocity
+600[r/min] — """ T L T T T T T T T T T
0 | = >
Servo ON/OFF
@Standard Controller SMH Servo ON |_Servo OFF
Operation Command  pcMD OFF y
@ Standard Controller —J PCMD ON I PCMD OFF
STO Command .
@Safety CPU Unit Reset STO |__Active sTO
STO Command(Status) Normal status | sTOstatus
@Servo Drive
SBC+/SBC-output Brake held
@Servo Drive Brake held Brake released I rake he

Monitoring SBC
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M Setting the Safety Controller

1. Select new_SafetyCPUO from the list.
Node1 : R88D-1SANO2H-ECT (E_Axis0) : O
V¥ = CPU/Expansion Racks
p == CPU Rack
2. Double-click SRA Parameters and click the Safety Function Assignment
Settings Button.
Multiview Explorer ~ I .A—. Ma ' ¥
new_SafetyCPUO v l @ @
04 Configurations and Setup )
¥ %.* Communications
¥ & Safety B S
¥V ¥, Safety VO ;
>} NXBusMaster/Unit3 : NX-SID800 (N3 : Instancel)
V¥ ¥ Nodel : R88D-1SANO2H-ECT (E_Axis0 : Instance0)
. s | s
3. Deactivate safety functions except for the STO function.
Clear the selections of the Active Check Boxes for SS1 instance1, SS2 instance1,
SOS instance1, SDIp, and SDIn to deactivate the unused safety functions.
Command
lN;zthss:gned
Not Assigned
4-
Click the Button to display the STO Detailed Settings view.
You can alsouse | I the Button to display the STO Detailed Settings
view.
No Active Safety Functions Details Command
STO STO
SS1 instancel SS1 command1
SS2 instancel SS2 command1
SOS instancel SOS command1
Reserved Reserved
SDIp SDIp command
SDIn SDin command
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Set STO parameters.

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

STO activate SBC 1 | Activate SBC command 1 -

Manual

¥ Instance Settings

Name Value Unit

6643, 01 STO activate SBC 1 [ 16266600101 : Activate SBC o ¥ |_

TARENNNNNNNN * Nat artivmta QRO FrAammnand

Click the Button to display the SBC Detailed Settings view.

Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Not Assigned
Not Assigned Not Assigned Safety Connection Status

0 (G 6AC59AD2

Set SBC parameters.

In this guide, set them as follows.

Name Value Unit
SBC brake time delay 200 ms
Safety Relay Activate 0: Deactivate (Not Use) | -
Safety Relay OFF Delay Time 1 30 ms
Safety Relay OFF Delay Time 2 30 ms

I T S | |

F08.00 Safety Relay Activate 0 : Deactivate (Not Use) v
4F09.00 Safety Relay OFF Delay Time 1
4F0A.00 Safety Relay OFF Delay Time 2 30

¥ Timing Chart

SBCcumnnd_I

SBC status J—'
6661.01

Release
Brake

Hold




Check that the created program is the same as shown below.
Device variables and safety programs are the same as those of the STO
function.

* For further details, refer to Creating a Safety Program in 3.3 Sysmac Studio
Project Creation.

OC_ResetSignal_0
‘ 0C_ResetSignal
SI_ResetSignal Reset ResetSignal Out —— SI_ResetSignal Cut
t#350ms \ResetP\llseH).d\:h
ErrorClearFromNX ResetSignalFromNX
NOT AND
E_Axis0_Error E_Axis0_Safety_Connection_Status ‘ & E_Axis0_Status
L
SF_EmergencyStop_0
SF_EmergencyStop ‘
TRUE -~ Activate Ready — SI_E_Stop_Out
SI_E_Stop S_EStopIn S_EStoplut :
FALSE S_StartReset Error }—
FALSE |S_AutoReset DiagCode
SI_ResetSignal_Out —Reset
SF_GuardMenitoring_0
| SF_GuardMonitoring
N3_Safety_Connection Status Activate Ready — SI_DoorSwitch Out
SI_DeorSwitch 5_GuardSwitchl 5_GuardMonitoring
5I_DoorSwitch 5_GuardSwitch2 Error —
t§ls DiscrepancyTime DiagCode —

FALSE |S_Startlleset

FALSE 5_RAutoReset
5I_ResetSignal_Out «‘ Reset

o

AND

5SI_DoorSwitch Out & E_Axis0_STC Inl
S5I_E_Stop_Out

T

E_Axis0_STO_Inl ‘ & E_Rxis0_STO_In_ALL
TRUE
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E_Axis0_Status
E_Axis0_STC_In_ALL
E_Axis0_STO Active
E_Axis0_STO_Active

t#300ms

TRUE

SE_EDM_O
SF_EDM

Activate
5_OutControl
S_EDM1

S_EDM2
MonitoringTime
S_StartReset

Reset

SI_ResetSignal Out —

E_hxis0_Safety_Conmnection_Status

S_EDM_Out

Error

DiagCode

E_Axis0_STO

OC_SF_ResetSafetyError_0
OC_SF_ResetSafetyError

Activate

ResetSignalFromNX —Reset

T#350ms — ResetPulseWidth

Ready

ErrorAck

E_Axis0_Error_Rek




M Setting the Standard Controller

1.

The program is the same as that of the STO function. For further details, refer
to 3.6 Creating a Motor Control Program.

Confirm that the program is as follows.

0 ErrorClearsSW ErrorClearToSafetyCPU |
I )
' I
1 PWR
MC_Power
AxisO— Axis Axisp—-AxisO
CmdSrvOn
Enable Statu:
Busy|—-E&FA D
Error
ErroriD|
2 VEL
MC_MoveVelocity
AxisO— Axis Auxis f—AxisO
SrvOnStatus CmdVelStart
} 1' } Execute InVelocity
10485760~ Velocity Busy|l—E&FAS
10485760 Acceleration Activef— THFAT

10485760— Deceleration CommandAborted

TErE A S lerk

17— Direction

& A 7=~ Continuous

Error|

ErroriD|

F&E A J7—{BufferMode
3 sToP
MC_Stop
AxisO— Axis —— Axis p—AxisO
CmdStop
—{ }— Execute Dor
10485760 Deceleration Busyl-E=#&FA S
THE —Jerk Active
77— BufferMode CommandAborted
Error|
ErroriDj— AT
4 DRV_RESET
MC_Reset
Axisl— Axis ———— Axis—Axis0
ErrorClearSW pois s
—— ————{execute Don
Busy|
Failure
Error}
ErroriD|
5 ResetMC
ErrorClearsw ResetMCErmror
: Execute  Don
Busy|— &3¢ vil
Failure|
Error|
ErroriD|
ResetEtherCAT
ResetECError
——Execute Doni
Busy[— &% 7
Error|
ErroriD)
6

4| END_IF

1 =nf E_Axis0_STO_command_active =TRUE THEN
2 CmdSrvOn:=FALSE:
3 CmdVelStart:=FALSE:

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

new_SafetyCPUO v

ew_Controller_ 0
A new_daretyLruu k
¥ 1.* Communications

Connect to the standard controller.

Transfer to the standard controller.

Legend: | Synchronized | | n

B Clear the present values of vanables with Retain attribute (Valid for Transfer to Controller).

B Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data

% Do not transfer the EtherNet/IP connection settings (i.e., tag data link se

Transfer To Controller Transfer From Controller

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0

V i EtherCAT

A
Click the Start Debugging Button to start DEBUG mode.

_
. Start Debuggmg .




Click the Safety Validation Button.

Safety Validation

Click the OK Button.

| Safety Validation e -

Safety CPU Unit will start in RUN mode on next startup

[Fon]

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

Displays FSoE Green | ON FSOE slave connection established ]

communications - .
Tlashing TS0 Slave connecton estabhshment in
status. s

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

-— OFF The safety functions are disabled by
FSoE, the power is not supplied, or a
fatal emor including Se¥f-diagnosis Emor
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B Checking Operation of the SBC Function Interlocked with the STO Function
B Checking Operation of the SBC Function Using the Emergency Stop Pushbutton
Switch

1.

Press the safety reset button.

o’

Press the Emergency Stop Pushbutton Switch.
£

Check that STO is activated to apply the brake.
(Make sure that no SBC stuck-at-high error is detected.)
Check that the 7-segment LED display shows ‘st’.

)

-

Release the Emergency Stop Pushbutton Switch and press the safety reset

button.

5

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

B Checking Operation of SBC Function Using Safety-door Switch

1.

Press the safety reset button.

o’

Open the guard with the Safety-door Switch.

Check that STO is activated to apply the brake.
Check that the 7-segment LED display shows ‘st’.

.
-




Close the guard and press the safety reset switch.

o’

Check that STO is released and the 7-segment LED display shows ‘--'.
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| 2.2. Adding the Safe Stop 1 (§51) Function

This section describes how to add the SS1 function to the project created in 3. Performing Setup. It
also describes the procedure for adding the SBC function to the SS1 function.
The SBC function is used to interlock it with the Brake Interlock Output (BKIR).

B Changes in System Configuration
Change the Servomotor to a motor with a brake.

NX-series NX1 CPU Unit
Additional I/O power supply

Digital Input Unit 1. Error clear button
NX-series Safety CPU Unit
NX-series Safety Input Unit

2. Safety Key Selector Switch

3. Safety-door Switch

EtherCAT

AC Servo Drive
AC Servomotor (with Brake)

5. Safety reset button

I ,ﬁ

Cables with Brake Wire

Device name Model

Manual name

AC Servomotor (with Brake) R88M-1A[]-B[]

1S-series with Built-in EtherCAT
Communications and Safety
Functionality User's Manual (Cat. No.
1621)

H Changes in Wiring

(CN15)

. a -\-b

1. | When you use the SBC function, plug the brake cable into the Servo Drive.

sl name
ET o O N S E gy b S6C
SOV power sapoy W S0 (o) BERFE | S0 iy echach vt

i
i
i

Sate beake control
connector (CN15)

Mot conecd? (CNC ) ey )C'O
5N

@wemina

£ 5D £ Ll £33 )
(N 0 =0 T s

© Connector for CN15 (8 Pins)
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4. Emergency Stop Pushbutton Switch




B Changes in Drive Parameters

1. | Set Drive parameters.
In this guide, set them as follows.
Name Object Value Unit
Brake Interlock Output 4610-01 hex 1: Enabled -
Timeout at Servo OFF 4610-02 hex 500 ms
Threshold Speed at Servo OFF 4610-03 hex 30 r/min
Hardware Delay Time 4610-04 hex 0 ms
External Brake Interlock Output 4663-01 hex SBC Output -

= 4610.01 Brake Interlock Output - Enable 1: Enabled
Brake Interlock Output - Timeout at Servo OFF 500
Brake Interlock Output - Threshold Speed at Ser.. 30

Brake Interlock Output - Hardware Delay Time 0

2147483648 : SBC Output

External Brake Interlock Output - Logic Selection

0 : Positive logic (NO contact)
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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. After the torque is turned OFF, the Servo Drive activates the SBC function to monitor the

brake signal.

3.  When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF. (If
the Servo Drive activates the SBC function after the torque is turned OFF, you need to perform
the setting procedure described in 4.1.)

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

Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
2. 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. After the torque is turned OFF, the
Servo Drive activates the SBC function to monitor the brake
signal.
3. 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
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
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M Operation of SBC Function Interlocked with Motion Control and SS1 Function

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

2. When an operation command is enabled, the command velocity to the Servomotor is set to 600
r/min.

3. 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. After the torque is turned OFF, the Servo Drive
activates the SBC function to monitor the brake signal.

Velocity

.
+600[r/min] --f----mm e ——

v

0

Servo ON/OFF

@Standard Controller Servo OFF | Servo ON 1 Servo OFF

Operation Command
@ Standard Controller PEMD OFF PCMD ON H PCMD OFF
SS1 Command )
@Safety CPU Unit Reset SS1 | Active 551
SS1 Command(Status e
@Ser\(fo Drivg Normal status I SS1 status
STO Command(Status) Normal status p————

@ Servo Drive

SBC+/SBC-output
@Servo Drive Brake held Brake released ﬂ Brake held

Monitoring SBC
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M Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.

new_Controller 0 v
N

l

R88D-1SANO2H-ECT (E_Axis0) : O
/Expansion Racks
p == CPU Rack

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

Multiview Explorer > 0 .

new_SafetyCPUO v @ @
A4 Configurations and Setup

¥ 1.# Communications
¥ & Safety B S
¥ i Safety /O ;
» ¥ NXBusMaster/Unit3 : NX-SID80O (N3 : Instancel)
> -1SANO2H-ECT (E_Axi

Deactivate safety functions except for the SS1 function.
Clear the selections of the Active Check Boxes for SS2 instance1, SOS instance1,
SDIp, and SDIn to deactivate the unused safety functions.

Clear the selections

Safety Functions Details Command Status
S10 STO STO Active
SS1 instancel SS1 command1
$S2 instancel SS2 command1
SOS instancel SOS command1 SOS command1 Active
Reserved Reserved Reserved
SDIp SDIp command SDIp command Active

SDin SDIn command SDIn command Active

b N oo A W N = O

Error Ack Error Ack Error

Click the Button to display the SS1 Detailed Settings view.
Youcan alsouse | the Button to display the SS1 Detailed Settings

Safety Functions Details Status




Set SS1 parameters.

In this guide, set them as follows.

Name Value Unit

SS1timeto STO 1 300 ms

SS1 velocity zero window 1 50 r/min

SS1 time for velocity zero 1 100 ms

SS1 activate SBC 1 Activate SBC command 1. -

Note: Set times so that SS1 time for velocity zero 1 is less than or equal to SS1 time

to STO 1.
pi et

$S1 instancel Manual

¥ Instance Settings
oD | Name b 2, | Reference Information |
6651.01 SS1 time to STO 1
6653.01 S$S51 velocity zero window 1 r/min 873813.333 [pulse/s]
6654.01 $S1 time for velocity zero 1 ms

[ 62600101 : Acwvoresecc | R N

¥ Timing Chart 16#00000000 : Not activate SBC command

SS1 command I

Open the I/O Map and create device variables.

Port Variable name

SS1 commandl Active for R88D-1SANO2H- | E_AxisO_SS1 commandl_Active
ECT

SS1 commandl for R88D-1SANO2H-ECT E_AxisO_SS1_commandl

Multiview Explorer
e T Port /W | Data Ty Variable Vanable Comment Vanable Ty
Dew_SafetyCP00 v ¥ & CPU/Expansion Racks . 1 e
v NXBusMaster NX102-1000
W T3 Communications NXBusMaster/Unit3 »  NX-SIDS0O
¥ & EtherCAT Network
EtherCAT Master Master
Nodel v R8BD-1SANO2H-ECT
v Safety Inputs
STO Active YT e xis0_STO_Active
SOS command1 Active SAFEBOOL
SDIp command Active SAFEBOOL
SDIn command Active SAFEBOOL
Error SAFEBOC! PR
$S1 command1 Active PN Ml 750551 _command_Active
Not Assigned Bit 09 SAFEBOC..
Not Assigned Bit 10 SAFEBOOL
Not Assigned Bit 11 SAFEBOOL
Not Assigned Bit 12 SAFEBOOL
Not Assigned Bit 13 SAFEBOOL
Not Assigned Bit 14 SAFEBOOL
N2 e e Ml 70_Safety_Connection Status Global Variables

Eobal Variables
Global Variables

SAFEBOO' - Global Variables
$51 command1 RUU O AxisO_SS1_commandl Global Vanables
$52 command1 SAFEBOC. [
SOS command1 SAFEBOOL
SDIp command SAFEBOOL
SDin command SAFEBOOL
Error Ack RSSOl AxisO_Error_Ack

[Giobal Variabies
t
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Create a safety program.
Add the following code to AutoProgram1.

88

OC_ResetSignal_0

OC ResetSignal
Reset ResetSignal Out ——SI_ResetSignal_Out

SI_ResetSignal

t$350ms lResel:PulseH:.dr,h

ErrorClearFromNX —— ResetSignalFromNX

E_Axis0_Error | E_Axis0_Safety Connection_Status

| =
|

I

SF_EmergencyStop_0

[ SF_EmergencyStop

TRUE Activate Ready — SI_E_Stop_Out
SI_E_Stop S_EStopIn S_EStopOut ;
FALSE IS StartReset Error —
FALSE ’S _AutoReset DiagCode —

SI_ResetSignal Out Reset

SF_GuardMonitoring_0

[ SE_GuardMoni toring
N3_Safety_Connection_Status — Activate Ready —
SI_DoorSwitch ‘S GuardSwitchl S_GuardMonitoring
SI_DoorSwitch |S_GuardSwitch2 Error —
téls 'Dlscrepancyl‘lme DiagCode —
FALSE lS StartReset
FALSE :S AutoReset
SI_ResetSignal_Out —Re:et

2]

SI_DoorSwitch_Out & E_Axis0_STO_Inl

SI_E_Stop_Out !

E_Axis0_STO_In_ALL

E_Axis0_STO_Inl ‘ &
TRUE

E_Axis0_Status

SI_DoorSwitch_Out




SF_ModeSelector 0
| SF_ModeSelector

N3_Safety Connection Status | Activate 5_Mode0Sel RunMode
SI_KeySelectorSwitchl 5_Moded 5_Model1Sel - 551Active_StopMode
8I_KeySelectorSwitch2 |S_Mnd:1

TRUE |S_Unlock
FALSE |S_5=t}'[ode
TRUE — RutoSetMode

th2s= |mdeuoni:aznme

SI_ResgetSignal_Out _l Reget

OC_SF_SS51.0
¥oT ‘ oC_SF 551
S51Active_StopMode E_Axis(Q_Status Activate Ready E_Axi=0_5S1_commandl
‘S_SSL_In 5_5S1_Command
1 E_Axis0_STO In ALL S_ST0 In S_STO_Command —~ E_RAxis0_STO
Set the input to the — ‘— - - st
0 E_Axis0_STO_Active ‘ S_STO_State
STO function here.
o
OC_SF_ResetSafetyError_0
OC_SF_ResetSafetyError
E_2xis0_Safety Connection_Status RActivace Ready E_Axis0_Error_Ack

ResetSignalFromNX — Reset Errorick

t#350ms ResetPulseWidth




M Setting the Standard Controller

1.

new_Controller 0 v | H

———) 3Seip
new_aretyLruu
v

CeCAT
V¥ (© Nodel : R88D-1SANO2H-ECT (E_Axis0) : Offl
L@ Parameters
LS FFT

L F4 Data Trace Settings

2. Double-click I/O Map.

Multiview Explorer
new_Controller 0 v

A4 Configurations and Setup
WV i3 EtherCAT
= 7 Mada]: R88D-1SANO2H-ECT (E_Axis0) : Offl

CPU/Fxo insion Racks

3. Create device variables.

Port Variable name

SS1 commandl for R88D-1SANO2H-ECT E_AxisO_SS1 command_1

SS1 commandl active for R88D-1SANO2H- | E_AxisO_SS1 command_1_active
ECT

W Mirror Safety controlword Mirror Safety controlword R

STO command Mirror Safety Controlword | R
$S1 command 1 Mirror Safety Controlword R E_Axis0_SS1_command_1 lobal Variables
5§52 command 1 Mirror Safety Controlword . R I

¥ Mirror Safety statusword Mirror Safety statusword IE
STO command active Mirror Safety Statusword 0 E_Axis0_STO_command_active Slobal Variables
Mirror Safety Statusword 1 Mirror Safety Statusword 1
Mirror Safety Statusword 2 Mirror Safety Statusword 2
SOS command 1 active Mirror Safety Statusword 3
Mirror Safety Statusword 4 Mirror Safety Statusword 4
SDI positive direction command ac Mirror Safety Statusword 5
SDI negative direction command a« Mirror Safety Statusword 6
error acknowledge active Mirror Safety Statusword 7
SS1 command 1 active Mirror Safety Statusword 8 E_Axis0_SS1_command_1_active Iaobal Variables




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

1

EmorClearsw ErrorClearTosafetyCPU [
It O
T A I
PWR
MC_Power
— AXi§ ——- s pAxisO

Axis
CmdSrvOn
!

VEL
MC_MoveVeiccity

Axiso—|Aris ———— Avis|—Axiso
SrOnStatus CmaVelStart
Execute InVelocity
10485760 Velocity Busy}-T2EA 7
104857600— Acceteration Activel— T##A 7

104857600 Deceleration CommandAborted|— =277 1
T—lerk Errorj— T ¥

Direction EroriDf— & EA T

Continuous

77— BufferMode

1 =IF E_Axis0_SS1_command_1=FALSE OR E_Axis0_S51_command_1_active = TRUE THEN

2 AxisO_VelFactor :=0;
3 | ELSE
4| AxisQ_VelFactor:=100;
5| | END_IF;
L
SET_OV
MC_SetOverride
Axis0— Axis —— Aoeis = Axis0
Enable Enabled
AxisD_VelFactor— VelFactor Busy|— THEAY
1 77— AccFactor Errorf— T&FAY
— JerkFactor ErrorD[— THEA T

J

STOP
MC _Stop
AxiS0 AXI§  — Axis = Ai50
CmdStop
Execute Don

10485760~ Deceleration Busy|— FEEAS
17— Jerk Active|— FZHFAT
17— ButferMode CommandAborted— =717
Eorf— FHFA S

ErroriD|— Fa0E

When the SS1 function is
active, reduce the command
velocity to 0 [r/min] (0% of
command velocity).

~
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6 DRV_RESET
MC_Reset
. AuisD— Axis Auis |- AxisD
ErrorClearsw
——execute Cony
Busy|= &2
Failure|—
Ervor|— Z&&FA
EmoriD|— F&HFA 7
7 ResetMC
ErorClearSW ResetMCEmor
Il Execute Do
Busy|— = 2¢ 7
Failure,
Error,
ErroriD|
ResetEtherCAT
ResetECError
Execute  Dorx
Busy|— Z2rFAT
Error|— FHFAS
EmrorDf— ZHEAS

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 v

S C CONUONCY Y
new_daretyLruu 3
¥ 1.* Communications

Connect to the standard controller.

Click the Synchronization Button to synchronize with the standard controller.

[ ]
Transfer to the standard controller.

Legend: | Synchronized | | ¢ A
B Clear the present values of vanables with Retain attribute (Valid for Transfer to Controller).
' Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.
Do not tra ¢ the foll g. (All items are not transferred.)
- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.
Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

[ [',] All data will be transferred because the projects in 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

»

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

S —
. Start Debugging .

Click the Safety Validation Button.

Safety Validation

Click the OK Button.

k__Safety Validation

Safety CPU Unit will start in RUN mode on next startup

[ox]

Click the Run Button.

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

Displays FSoE Green | ON FSOE slave connecton established ]

communicstions Flashing F50E Slave connecton estabhshment in
status. s

Red | Flashing Safety Parameter Emror, Safety
Communications Timeout, or other
ermrors

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




B 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

2. Press the safety reset button.

o’

3. Double-click Section0 to display the section.

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

F-HONIEFEHLET.

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

o L.

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

T-7EEECEST

Check that the Servomotor rotates at about 600 r/min.




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

[ saFeTvacTIvVE | 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’.

—

_
-
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4.3. Adding the Safe Stop 2 (SS2) Function

This section describes how to add the SS2 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.

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 SOS function
using the SS2 function to monitor the Servomotor position and velocity.

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

When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF.
When the safety reset button is pressed, the STO status is reset.

NX-series NX1 CPU Unit
Additional I/O power supply
Digital Input Unit 1. Error clear button

NX-series Safety CPU Unit
NX-series Safety Input Unit &

2. Safety Key Selector Switch

3. Safety-door Switch

4. Emergency Stop
Pushbutton Switch

-

5. Safety reset button

o

EtherCAT

AC Servo Drive

AC Servomotor
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Input device State Operation
. Error clear button ON Enable error reset command
OFF Disable error reset command
. Safety Key Normal Run Servomotor at normal velocity and deactivate SOS
Selector Switch operating function.
mode

Safety active

Make Servomotor decelerate to a stop and activate SOS

mode function using SS2 function. When position or velocity exceeds
SOS position or velocity zero window, Servo Drive goes into
STO state and Excessive Limit Value Error occurs.
. Safety-door Open SLS function deactivated: Enable STO command
Switch SLS function activated: Disable STO command
Close Disable STO command
. Emergency Stop ON Enable STO command
Pushbutton OFF Disable STO command
Switch
. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command

M Operation of SS2 Function with Motion Control
When the Servo ON command is enabled, the Servo Drive turns ON the Servo.

1.
2.

@$Standard Controller

@Standard Controller

SOS Command(Status)

When an operation command is enabled, the command velocity to the Servomotor is set to 600

r/min.

When the SS2 function is executed, the Servo Drive shifts to the SOS state after the wait time
(SS2 time to SOS 1) and monitors the motor position and velocity.
The standard controller lets the Servomotor decelerate to a stop.

When the SS2 or SOS function is released, the Servo Drive goes into the normal state and
stops monitoring the motor position and velocity.
The standard controller sets the command velocity to the Servomotor to 600 r/min.

Velocity

+500[r/min] T

SS2 time to SOS

—

v

SQOS velocity/position
YT P E

0
-500[r/min] ‘

Servo ON/OFF

Operation Command

Servo OFE'

PCMD:OFF

zero window

Servo ON

PCMD:ON

§S82 Command
@sSafety CPU Unit

882 Command(Status)

@Servo Drive

Reset 852

Normal status

| Activate 582 | Reset 552

Normal Status Note.

Procedure to release SOS function
(from safety controller)

SOS Command
@Safety CPU Unit

Reset 308

Normal status

| 82 status |
1. Cancel SS2 function

Activate
2. Cancel SOS function

SOS status Normal status | 0rder is important.

Reset SOS

@Servo Derive
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M Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.

> © Nodel : R88 J02H-ECT (E_Axis0) : O
¥V & CPU/Expansion Racks
p == CPU Rack

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

Multiview Explorer
new_SafetyCPUO v
A4 Configurations and Setup

¥ %.# Communications
& Safety
¥V ¥, Safety /O
» ¥ NXBusMaster/Unit3 : NX-SID800 (N3 : Instancel)
V¥ ¥ Node1 : R88D-1SANO2H-ECT (E_Axi Instance0)

[ m

Clear the selection of the
Active Check Box.

SS82 command1
Active cannot be
selected for No. 2
SS2 instance1.

§52 instancel

Select SS2 instance1 to assign SS2
command1 Active.

Click the EllButton or thellBBIEENNN Button to display the SS2 Detailed Settings
view.

$52 instance
Not Assigned
Not Assigned
Not Assigned




Set SS2 parameters.

In this Guide, set as follows:

Name Value Unit
S$S2 time to SOS 1 1000 ms
S$S2 time for velocity zero 1 500 ms

552 instance1 Manual

¥ins lanc-= Settings

1 Narme wae

_:—

667201 552 time for velocity zero 1

¥ Timing Chart

Click the [{]Button or the [N Button to display the SOS Detailed Settings
view.

$52 stancel
Not Assigned
Not Assigned
Not Assigned

Set SOS parameters.

In this Guide, set as follows:
Name Value Unit

SOS position zero window 1 131072 Encoder Unit

SOS velocity zero window 1 60 r/min

S05 instance1 Manual
i ltmg
Name.
666C.01 505 velocity zero window 1 1048576 nc-u [pulse/s]
¥ Timing Chart
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Open the I/O Map and create device variables.

Port

Variable name

SOS command1 Active for R88D-
1SANO2H-ECT

E_Axis0_SOS_command1_Active

S$S2 command1 for R88D-1SANO02H-ECT

E_Axis0_SS2_command1

SOS command1 for R88D-1SANO2H-ECT

E_Axis0_SOS_command1

R | m—

BOO
8OO
BOO
AFEBOO
AFEBOO

80O

Axis) STO Active slobal Vanables
:_AxisQ_SOS_command1_Active Globsl Varisbles
- Aws0_Ermor Eraw Vanables
_Axis0_SS2_command1_Active slobsl Vanables
:_Awis_Safety_Connection_Status Global Vanables
- Axis0_STO Slobal Variables
_Axis0_SS2_command 1 Siobal Variables
_Axis0_SOS_command1 slobal Variables
-_AuasO_Error_Ack k{abal Vanables

t




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

0C_ResetSignal_o

0OC_ResetSignal
ST _ResetSignal — Reset ResetSignal Out —— ST_ResetSignal Out
t#350ms —|ResetPulseWidth
ErrorClearFromiX —— ResetSignalFromNX
3
woT AND
E_Axis0_Error E_Axis0_Safety Connmection Status &

SF_EmergencyStop_0

SF_EmergencyStop
TRUE — Activate Ready SI_E_Step_out
SI_E_Stop —5_EStopIn 5_EStopOut
FALSE —|5_StartReset Error —
FALSE —|5_RutoReset DiagCode —
SI_ResetSignal Out —Reset

SF_GuardMonitoring 0
SF_GuardMonitoring

SI_ResecSignal_gut

N3_Safety_Connection_Status — Activate Ready —
SI_DoorSwiteh —|S_( itchl s
SI_DeorSwitch —|5_GuardSwitchl Error —
t#ls |DiscrepancyTime DiagCode —
FALSE |S_StartReset
FALSE |S_AutoReset

—Reset

E_Axis0_Status

When change of the operating
mode of the Safety Key Selector
Switch to safety active mode is
detected, the SS2 function is
activated.

/

SF_ModeSelector_0

" ModeSelector
N3_Safety Connmection Status  Activace §_Mode0Sel RunMode
SI_KeySelectorSwitchl —|S_Moded S_Mode1Sel - SS2Active_RunMode
SI_KeySelectorSwitch2 —|S_Model
TRUE —|S_Unlock
FALSE |5_SetMode
TRUE AutoSetMode
T#23 — ModeMonitorTime
SI_ResecSignal_Out —Reset
0C_SF_S52_0
‘ NOT ‘ ‘ 0C_SF_ss2
SS2Active RunMode | ‘ E_Axis0_Status  Activate Ready — E_Axis0_SS2_conmandl
5_SS2_In 5_S52_Command
‘ 5_S05_Command |- E_Axis0_SOS_commandl

TRUE ‘s_sos_zn

E_Axis0_SOS_command]_Active

5_S0S_State
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[ [ ae ]
E_Axis0d S52 commandl E Axis0_ 505 commandl Active ‘ & 552 505 Active

11

12

[ = ] [ 2= ]
SI_DoorSwitch_Out ‘ >1 ‘ & E_Axis0_ST
552_S05S_Active | SI_E_Stop_Out | ‘ Add the code to
output that the SS2
function activated
A the SOS function.
E_Axis0_STO Inl & . s
TRUE
SF_EDM 0
SF EDM
RAxis0_Safety Active — Activate - Ready — E_Rxis0_STO
£_Axis0_ST0_In ALL |5_OutContrcl S_EDM_Out Add the code to deactivate
= fian SIe gesive |”‘”“ Eeman the STO function activated
E RAxis0_STO Active — 5 EDM2 DiagCode —

by the Safety-door Switch
I when the SS2 function
S1_ResacSignal_ouc —|Reser activated the SOS function.

A y

t$300ms MonitoringTime

OC_SF_ResetSafetyError 0

OC_SF_ResetSafetyError
E_Axis0_Safety Connection_Status — Activate Ready — E_AxisQ_Error_Ack

ResetSignalFromiNX Reset Errorkck

t#350ms |ResetPuLEEW1dth




M Setting the Standard Controller

1.

Select new_Controller_0 from the list.
— T

new_Controller 0 v | H
spemmmd Setop |
new_satetyLruu
V¥ in CHECAT
¥ © Node1 : R88D-1SANO2H-ECT (€_Axis0) : OFf
L[@ Parameters
L FFT

LF4 Data Trace Settings

Double-click I/O Map.

Multiview Explorer
new_Controller_0 2

A4 Configurations and Setup
V i EtherCAT
» © Nodel : R88D-1SANO2H-ECT (E_Axis0) : Offl
1 CPU sion Racks

Lontroller Setup

Create device variables.

Port Variable name

S§S2 command 1 for R88D-1SANO2H-ECT | E_Axis0_SS2_command_1

SOS command 1 active for R88D-
1SANO2H-ECT

E_Axis0_SOS_command_1_active

2 ]
R0 552 command 1|

RS TO_Command actie

L—"ctw Varabies

_Axs0_SOS_command_1_active

Globa) Vanables
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Create code for the standard program.

Add the code to change the command velocity.
* When the SS2 and SOS functions are active, reduce the command velocity to 0

r/min.

* When the SS2 and SOS functions are inactive, increase the command velocity to

600 r/min.

ErrorClearToSafetyCPU |

0 ErrerClearSW
I
r

]

Anise
CmdSrvon

PWR

SrvOnStatus

10485760

e—Jerk

e—| Direction

e—|Continuous

e— BufferMode

MC_Fower
0— Axis Axisf—AxisD
| Enab Statu
Busy|—£ni
Error|
ErroriD|—:
VEL
MC_MoveVelodity
o
SrOnStatus CmdVelStart
Execute InVelocity|
10485760 Velocity Busy|—Ent
10485760 Acceleration Active

Deceleration CommanaAborted

Error|

ErroriD|

- l<1bc:_:-:--\:-:arc_l_zc(-.-e = TRUE THEN

Cmastep
— e

10560 Deceieration

WIC_500

AsdYagy ————

o

Do

Busy]

Actve

—Butiertdoge Commaraibomed

-

ErrorG=

6 DRV_RESET
TC_Reset
_ - Aois0—{ Axis Axis |—AisD
ErrorClearSW
— F——fexecute Dore
Busy|— £
Failure|
Error|
ErroriD —Ent
7 _ ~ ResethC
ErrorClearsWt ResetMCErTor
I Execute  Don
Busy
Failure|
Error]|
ErroriD)|
ResetEtherCAT
ResetECError
Execute  Don:
Error|
ErroriD
& 1i=if E_Axis0_STO_command_active =TRUE THEN B
2 CmdSrvOn:=FALSE;
3 CmdVelStart:=FALSE:
4| END_IF;

\

0 [r/min] (0% of command
velocity) when the SS2 and
SOS functions are active.

600 [r/min] (100% of command
velocity) when the SS2 and

GOS functions are inactive. /




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

new_SafetyCPUO v

‘ - A - I t - v
new_daretyLruu k

¥ 1.* Communications

Connect to the standard controller.

Transfer to the standard controller.

Legend: | Synchronized || ¢ A

B Clear the present values of variables with Retain attribute (Valid for Transfer to Controller).
B Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.
%' Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

[D All data will be transferred because the projects in the computer and the controller are different.

Transfer To Controller Transfer From Controller

Download the safety application.
Select new_SafetyCPUQ from the list.

new_Controller_0

w SafetyCPL |
V i EtherCAT

3
Click the Start Debugging Button to start DEBUG mode.

_
. Start Debuggmg .
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Click the Safety Validation Button.

Safety Validation

Click the OK Button.

hSafety Validation

Safety CPU Unit will start in RUN mode on next startup

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

FS Displays FSoE Green | ON FSOE Slave connection established ]
COMMUIOITONS Tlashing F50E Slave connecton establishment in
status progress

Red | Flashing Safety Parameter Ermror, Safety
Communications Timeout, or other
erors

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

B Checking Operation of the SS2 Function

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

SAFETYACTIVE

2. | Press the safety rest button.

o’

o

3. | Double-click Section0 to display the section.

Muttiview Explorer -0

[new_Controlier 0 v

[ Configurations and Setup
-
v @ POUs
¥ £ Programs

» M Data
> P Tasks
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Right-click CmdSrvOn and select Set/Reset — Set.

F-MONIESEHLET.

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

o L.

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

TYEOEcEEy

Check that the Servomotor rotates at about 600 r/min.

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

| SAFETYACTIVE | RUN

Check that the Servomotor decelerates to a stop.
Check that the 7-segment LED display shows ‘SF’.

5F

Open the guard with the Safety-door Switch.

e

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

Close the guard and press the safety reset switch.

107




108

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

SAFETYACTIVE

Check that the Servomotor rotates at about 600 r/min.

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

'




I 4.4. Adding the Safe Operating Stop (SOS) Function

This section describes how to add the SOS 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 Servo

Drive activates the SOS function to monitor the Servomotor position and velocity.
3. When the guard with the Safety-door Switch is opened while the SOS 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.

NX-series NX1 CPU Unit

Additional I/O power supply

Digital Input Unit

NX-series Safety CPU Unit
NX-series Safety Input Unit

i

1. Error clear button 2. Safety Key Selector Switch

4 ; 3. Safety-door Switch
- g

EtherCAT

AC Servo Drive

AC Servomotor

4. Emergency Stop Pushbutton Switch

5. Safety reset button

B (.Q

Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
2. Safety Key Normal Deactivate SOS function.
Selector Switch operating
mode

Safety active
mode

Activate SOS function. When position or velocity exceeds SOS
position or velocity zero window, Servo Drive goes into STO

state and Excessive Limit Value Error occurs.
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Input device State Operation
3. Safety-door Open SOS function deactivated: Enable STO command
Switch SOS 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

H Operation of SOS Function with Motion Control

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

2. When an operation command is enabled, the command velocity to the Servomotor is set to 600
r/min.

3.  When the operation command is disabled, the Servomotor decelerates to a stop.

4, When the SOS function is executed after the Servomotor stops, the Servo Drive shifts to the
SOS state and monitors the motor position and velocity.

5. When the SOS function is released, the Servo Drive goes into the normal state. When an
operation command is enabled, the command velocity to the Servomotor is set to 600 r/min.

Velocity
+60[r/min] “T “““““
0 SOS position/velocity v
60[r/min] - f e zerowindow . ______________
Servo ON/OFF servo OFF
@Standard Controller _I Servo ON
Operation Command pemp oFF I pcMD ON | PCMD OFF | PcMD ON

@ Standard Controller

SOS Command I

@Safety CPU Unit Reset SOS Activate SOS | Reset sos

SOS Command(Status) Normal status | SOS status | Normal status
@Servo Drive
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M Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.

CPU/Expansion Racks
» == CPU Rack

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

Multiview Explorer
new_SafetyCPUO v
A4 Configurations and Setup
¥ 1. Communications
& Safety
V i, Safety VO
» § NXBusMaster/Unit3 : NX-SID800 (N3 : Instancel)
stance0)

Details

Err 3

Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned

No

Click the g Button to display the SOS Detailed Settings view.
You can also use the I Button to display the SOS Detailed Settings view.
e

Active Safety Functions Details Command

mand1

In command
Error Ack Error
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned

0
1
2
3
4
)
6
7
8
9

B3
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Set SOS parameters.

In this guide, set them as follows.

window

Name Value Unit
SOS position zero 131072 EncoderUnit
window
SOS velocity zero 60 r/min

SOS instance1

¥ Instance Settings

¥ Timing Chart

Manual

Name

Unit | Reference Information |

_ position zero window 1 IE odertnit _[ 131072000 [puse] |

666C.01 SOS velocity zero window 1

r/ nin 1048576000 [pulse/s]

Open the I/O Map and create device variables.

Port

Variable name

ECT

SOS command1 Active for R88D-1SANO2H-

E_AxisO_SOS_commandl_Active

SOS command1 for R88D-1SANO2H-ECT

E_AxisO_SOS_commandl

Multiview Explos

new_SafetyCPUO v |
v
¥ 1.3 Communications
¥ & Safety
V i Safety /O
» §§ NXBusMaster/Unit3
V¥ §¥ Nodel : R88D-1SAl
L} SRA Parameters
» &) Standard
, Task Settings
/0

Port
¥ & CPU/Expansion Racks
NXBusMa NX102-1000
NXBusMa: »  NX-SID800
¥ & EtherCAT Network
EtherCAT Master
Nodel ¥  R88D-1SANO2H-ECT
¥ Safety Inputs
STO Active
SOS command1 Active
SDIp command Active
SDIn command Active
Error
Not Assigned Bit 08
Not Assigned Bit 09
Not Assigned Bit 10
Not Assigned Bit 11
Not Assigned Bit 12
Not Assigned Bit 13
Not Assigned Bit 14

Safety Connection Status

¥ Safety Outputs
sTo
$51 command1
$52 command1
SOS command1
SDIp command
SDIn command
Error Ack
Not Assigned Bit 08

R/W | Data Type Variable

SAFEBOOL

Variable Comment Variable Type

SAFEBOC
SAFEBOO.

Global Variables

SAFEBOOL

Iaobm Variables

SAFEBOOL (I NN

SAFEBOOL

SAFEBOOL

SAFEBOOL

SAFEBOOL

SAFEBOOL

SAFEBOOL

SAFEBOOL

Y-S 3:lolo]RlIE_AxisO_Safety_Connection_Status

SAFEBOOL [FREVSIE]

Slobal Variables

clobal Variables

SAFEBOOL

SAFEBOOL

B2 3T/ IlIE AxisO_SOS_command1

|
Iaow Variables

SAFEBOOL

|

SAFEBOOL

[YNZ2:TeTo M AxisO_Error_Ack

Slobal Variables

SAFEBOOL




Create a safety program.

Add the following code to AutoProgram1.

& E_Axis0_Status

SI_E_Stop_Out

OC_ResetSignal_0
0OC_ResetSignal
SI_ResetSignal Reset ResetSignal_Out —— SI_ResetSignal_Out
t#350ms ResetPulseWidth
earFroxNX —— ResetSignalFromNX
[wor |
E_Axis0_Error E_Axis0_Safety_Connection_Status
SF_EmergencyStop_0
SF_EmergencyStop
TRUE —|Activate Ready —
SI_E_Stop }s_!scopln S_EStopOut
FALSE ‘s_su::use: Error
FALSE S_AutoReset DiagCode —
SI_ResetSignal Out —Reset

N3_Safery Connection Status
SI_Doorswitch

SI_Doorswitch

tHls

FALSE

FALSE

SF_GuardMenitoring 0

SF_GuardMonitoring

Activate
S_GuardSwitchl
S_Guardswitchz
DiscrepancyTime
S_StartReset

S_hutoReset

Ready
5_GuardMonitoring
Error

DiagCode

SI_DoorSwitch_Out

SI_ResetSignal_Out —Reset

e/

£_Axis0_Status
SI_KeySelectorSwitchl

SI_ReySelectorSwitch2

té2s

SI_Resetsignal out

SOsActive_RunMode

SF_ModeSelector_0
SF_ModeSelector
Activate 5_Mods0Sel
|5_Mode0 S_Mode1Sel

|S_Model
|S_Unloek
|5_Settode
AutcSetMode

ModeMonitorTime

—Reset

N3_safety_Connection_Status

E_hxis0_SOS_commandl_Active

T#500ns

SI_ResetSignal_Out — Reset

SOSActive_RunMode

RunMode

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

SF_SafetyRequest_0
SF_SafetyRequest i
Ready —

Activate S0S_Active

S_OpMode 5_SafetyActive

S_Rcknowledge S_SafetyRequest — E_Axis0_SOS_commandl

MonitoringTime Erzor

DiagCode —
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=] [ o]
SI_DoorSwitch_Out

‘ >1 i | E_Axis0_STO_Inl
505_Active SI_E_Stop_Out

E_Axis0_STO_Inl

Il

E_Axis0_STO_In_ALL

Add the code to deactivate
the STO function activated by
the Safety-door Switch when
the SOS function is activated.

SF_EDM 0
SF_EDM
E Axis0_Status Activate Ready — E_Axis0_STO
E_Axis0_STO In ALL §_OutControl S_EDM Out
E_Axis0_STO_Active 5_EDM1 Error

E_Axia0_STO_Active S5_EDM2 DiagCode —
T#300ms MonitoringTime

TRUE 5_StartReset

SI_ResetSignal_ Out —Reset

OC_SF_ResetSafetyError_0

OC_SF_ResetSafetyError
E_Rxis0_Safety Connection_Status ——Activate Ready

ResetSignalFromNX —Reset Errorick

t§#350ms ResetPulseWidth

E_Axis0_Error Ack




M Setting the Standard Controller

1.

The program is the same as that of the STO function. For further details, refer to

3.6 Creating a Motor Control Program.
Confirm that the program is as follows.

0

w

ZHEAS—lerk Error

1 77— Direction

ErroriD

A 7~{Continuous

F2E A 7—{BufferMode
STOP
MC_Stop
AxisO— Axis —_— Axis f—AxisO
CmdStop
—<| }— Execute Dor
10485760—{ Deceleration Busyj—=&ZEA D
—{Jerk Activel— =&

ErrorClearSW

ErrorClearsW
1

|— Execute Doni

Busyl= EZFAT

77— BufferMode CommandAborted

Errorf— & 7
ErroriDf— &
DRV_RESET
MIC_Reset
Axis0— Axis — Axis|—Axis0

Failure}— &2

ResetMC
ResetMCError
Execute  Doni

Error|— E2EA

ErroriD[— F&# A4

Busy|—
Failure|

Error|

ErroriD

ResetEtherCAT
ResetECError
Execute Don

Busy,

Error|

ErrorlD}— T2 A 7

2 CmdSrvOn:=FALSE:
3 CmdVelStart:=FALSE:
4{| END_IF;

1i=if E_Axis0_STO_command_active =TRUE THEN

|
[ [ |

ErrorClearSW ErrorClearToSafetyCPU |
8 )
U A |
PWR
MC_Power
AxisO— Axis — Axisf—AxisO
CmdSrvOn SrvOnStatus
Enable Statu
Busy|— EHEAT
Error|
ErroriD
VEL
MC_MoveVelocity
AxisD—Axis —— Axis —AxisO
SrvOnStatus CmdVelStart
———Execute InVelocity
10485760~ Velocity Busyj—-EHFAT
10485760 Acceleration Activef— 5 /]
10485760— Deceleration CommandAborted
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Transfer to the standard controller.
Select new_Controller_0 from the list.

new_SafetyCPUO v

L R R P —
\ new_daretyLruu k
¥ 1.* Communications

Connect to the standard controller.

Transfer to the standard controller.

Legend: | Synchronized || ¢ A
Il Clear the present values of vanables with Retain attribute (Valid for Transfer to Controller).

' Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.

% Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

Transfer To Controller Transfer From Controller

Download the safety application.
Select new_SafetyCPUO from the list.

V i EtherCAT

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

_
. Start Debuggmg .




Click the Safety Validation Button.

Safety Validation

Click the OK Button.

sty Validation - -

Safety CPU Unit will start in RUN mode on next startup

el

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

| Fs | Displays FSoE Green | ON FGOE slave connection established ]

communications -
Hash-ng FSoE slave connection establishment in
status. 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, or a
fatal emor including Self-diagnosis Emor
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B Checking Operation of the SOS Function

1.

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

SAFETYACTIVE RUN

Press the safety reset button.

o’

Double-click Section0 to display the section.

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

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

1=

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

T J/EOEEEST

Check that the Servomotor rotates at about 600 r/min.

Right-click CmdVelStart and select Set/Reset — Reset.
The Servomotor decelerates to a stop.




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

[ sAFETYACTIVE | RUN

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

SF

Open the guard with the Safety-door Switch.

feipe

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

Close the guard and press the safety reset switch.

10.

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

SAFETYACTIVE

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

o L.

1.

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

T-oEO=EtIs

The Servomotor rotates at about 600 r/min.
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I 4.5. 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.

NX-series NX1 CPU Unit
Additional I/O power supply

1. Error clear button
Digital Input Unit 2. Safety Key Selector Switch

NX-series Safety CPU Unit
. . 3. Safety-door Switch
NX-series Safety Input Unit B -

4. Emergency Stop
Pushbutton Switch

-

5. Safety reset button

I (.9

EtherCAT

AC Servo Drive

AC Servomotor
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Input device State Operation
. Error clear button ON Enable error reset command
OFF Disable error reset command
. Safety Key Normal Run Servomotor at 600 [r/min] and deactivate SLS function.
Selector Switch operating
mode

Safety active

Run Servomotor at 60 [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.
. Safety-door Open SLS function deactivated: Enable STO command
Switch SLS function activated: Disable STO command
Close Disable STO command
. Emergency Stop ON Enable STO command
Pushbutton :
Switch OFF Disable STO command
. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command

Operation Command

o 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 600

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 60 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 600 r/min.

velocity

+500[r/min]

SLS velocity limit

0
-500[r/min]

Servo ON/OFF SM

disable |

Servo ON

command: enable

SLS Command
@Safety CPU Unit

SLS (status)

ResetSLS

Normal status

| Activate SLS | ResetsLs

| SLS status | Normal status

@Servo Drive
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Ml Setting the Safety Controller

122

1. | Select new_SafetyCPUO from the list.
Inew_Controller 0 ~_
2. | Double-click SRA Parameters and click the Safety Function Assignment Settings
Button.
Multiview Explorer >0 2.
7 new_SafetyCPUO + I~ 5
A4 Configurations and Setup . @ @
v ; ;m;:'::cauons (71 "
¥V ¥, Safety /O
» ¥ NXBusMaster/Unit3 : NX-SID800 (N3 : Instancel)
¥ % Nodel:R8 1SANO2H-ECT (E_Axis0 : Instance0)
' i
3.
4. | Click the [ Button or the [ Button to display the SLS Detailed Settings

view.

SIS instance!




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
SLS time for velocity in limits 1 1000 ms
Error Detection Activate In SLS Deactivate 1 | Activate -

SLS instance1 v Manual

*in ings

Mame Unit | Refen

[ SLS tme tovelocty manitoring o0 00 flms

mit 1

it ED -

vate In SLS Deactivate (SL 17 Activate v .

Open the I/O Map and create device variables.

Port Variable name
SLS command1 Active for R88D- E_Axis0_SLS_command1_Active
1SANO2H-ECT
SLS command1 for R88D-1SANO2H-ECT E_Axis0_SLS_command1

Varisble Type

on Port
¥ 8 CPU/Expansion Racks
NXBusMa NX102-1000
NBusMa  p  NX-SIDSO0
¥ & EtherCAT Network

EtherCAT Master
Nodel v RESD-1SANO2H-ECT
¥ Safety loputs
STO Active [V TN 2s0_STO_Active jobal Vanables
SOS command1 Active R SAFEBOOL
SDIp command Active SAFEBOOL
SDIn command Active SAFEBOOL
Error SAFEBOOL o Emr Vanables
SLS command1 Active [RGTIGRTIN: -.xis0_SLS_command_Active Slobal Vansbles
Not Assigned Bit 09 EE o ———
Not Assigned 8it 10 R SAFEBOOL
Not Assigned Bit 11 SAFEBOOL
Not Assigned Bit 12 R SAFEBOOL
Not Assigned Bit 13 SAFEBOOL
Not Assigned Bit 14 SAFEBOOL
Safety Connection Status RIS TNE x50 Safety_Connection Status Slobal Vanables
¥ Safety Outputs
STO SAFEBOOL

551 command1 V. SAFEBOOL
$52 command1 SAFEBOOL
SOS command1 SAFEBOOL
SOip command SAFEBOOL
SDin command SAFEBOOL
Error Ack . Global Vanables
SLS command] _Axis0_SLS_coms Gicbal Vansbles
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Create a safety program.
Add the following code to AutoProgram1.

1

OC_ResetSignal 0

OC ResetSignal
SI_ResetSignal — Reset ResetSignal Out —— SI_ResetSignal_Out
t#350ms ‘ResatPulse'ﬁldth
ErrorClearFronX ResetSignalFromNX
3|
AND

e

4 FEERBU R AT DEAE T

E Axis0 Error E_Axis0_Safety Connection Status | &

SF_EmergencyStop_0

E Axis0_Status

TRUE

SI_E Stop

FALSE

| SF_EmergencyStop
Activate

5_EStopIn

FRALSE |5_Stau:lleset

5_AutoReset
SI_ResetSignal Out <‘Reset

Ready SI_E Stop Out
S_EStopOut

Error —

DiagCode [—

When change of the operating

SF_GuardMonitoring_0

SI_GuardHDnitorinq
R— Beedr | mode of the Safety Key Selector
ST DoorSwiteh | S_GuardSwitchl 5_GuardMonitori H i 1
- ™ R “Gusrdontcorng Switch to safety active mode is
SI_DoorSwitch S_GuardSwitch2 Error - . .
detected, the SLS function is
T#1000ms — DiscrepancyTime DiagCode —
FaLSE ‘s_s:.rmm activated. -
FALSE ‘S_Aur.cR::E\'.
SI_ResetSignal_Out —‘Run
/ SF_ModeSelector_0
‘ SP_ModeSelector
N3_Safety_Connection_Status — Activate S_Mode0Sel RunMode
8I_KeySelectorSwitchl ‘S_Kodeo S_ModelSel - SLSActive RunMode
SI_ReySelectorSwitch2 ‘S_Hmiel 5_AnyModeSel —
TRUE ‘S_Unluck
FALSE 5_SetMode
TRUE AutoSetMode
t#2s — ModeMonitorTime
Reset

S1_ResecSignal_Out —|

SLSActive_RunMode

N

SF_SafetyRequest_0

‘ SF_SafetyRequest |
Activate Ready

E_AxisO_Status SLS_Active

S_OpMode S_Safetyhctive

E_Axis0_SLS_commandl_Active —|S_Acknowledge S_SafetyRequest | E_Axis0_SLS_commandl

t$1000ms MonitoringTime Error

SI_ResetSignal_Out — Reset

DiagCode |—




- rs:sr'.au:;.u: | =t ‘ | & ‘ T
o | \
Add the code to deactivate the
=_Axis0_ST0_tm1 | ‘; = Axis0_STO_In ALL STO function activated by the

Safety-door Switch when the SLS
function is active.

TRUE 5 _StaztReset

SF_EDM 0 /
| SF_EIM
E_Axis0 Status —Activate Ready — E_Axis0_STO
E_Axis0_STO_In_ALL |s_om:cum:.m]. S_EDM_Out
E_Axis0_STO_Active |s_xm Error —
E_Axis0_STO_Active |s_mu DiagCode —
t$300ms |Hcmi roringTime

SI_ResecSignal _Out = Reset

OC_SF_ResetSafetyError_0

[ OC_SF_ResetSafetyError
E_Axis0_Safety_C _Status R Ready — E_hxis0_Error_Ack

ResetSignalFrosii — Reset Errorick

t#350ms ResetPulseWidth
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M Setting the Standard Controller

1.

Select new_Controller_0 from the list

now Controllee 0 v

new_daretyCruu

ThelCAl
¥ ©® Node1 : R88D-1SANO2H-ECT (E_Axis0) : Off
L[ Parameters
LES FFT
LF# Data Trace Settings

Double-click I/O Map.

Multiview Explorer
new_Controller_0 =

A4 Configurations and Setup
V i3 EtherCAT
» © Nodel : R88D-1SANO2H-ECT (E_A>

nsion Racks

Create device variables.

Port

Variable name

SLS command 1 for R88D-1SANO2H-ECT

E_Axis0_SLS_command_1

SLS command 1 active for R88D-

E_Axis0_SLS_command_1_active

1SANO2H-ECT

new_Controlec 0 v ¥ 8 EtherCAT Network Configuration

17 Configunticns and Setup. N v RESD-1SANOH-ECT
v: G d

Target posibon

Target welocity

Target torque

Maodes of operation

Touch probe function

SOS command 1

Mirror Safety Controbword 4

SDI positive direction command
SOI negative direction comenand
error acknowtedge

SLS command 1

Mirror Safety Sta
Maror Safety Statusword 2
SOS comemand 1 active

SOI negative direction command a«
ledge active
SLS command 1 active

Controlword
Torget position
Target w y
Torget torque

Modes of operation
Touch peobe function

RAW | Data Type

Motriebloe pociicn vem

Digital inputs
Maror Safety controlword
Mirroe Safety Controbword
Marroe Safety Controtwoed
Mirror Safety Controbword

Mirroe Safety Controtword - R

Mirror Safety Controbword
Mirror Safety Controlwoed
Mirror Safety Controlword

Micror Safety Controtword R
fety Controlword

Mirror Safety statusword
Mirror Safety Statusword 0
Mirror Safety Statusword 1
Mirror Safety Stat
Mirror Safety Statusword 3
Mirror Safety
Mirror Safety Statusword 5

R
3
R

word 2 R

word 4 R

Mirror Safety Statusword 6 R
Mirror Safety Statusword 7 R

Mirror Safety Statusword 8

3

Varisble Comment

[E2550_5LS_command_1

[Gicbel Vanabies
re

_Aw30_STO_command_sctve Em Varabies

| R

Axs0_SLS_command_1_active
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Create a standard program.
Add the code to change the command velocity.

* When the SLS function is active, reduce the command velocity to 60 r/min.
* When the SLS function is inactive, increase the command velocity to 600 r/min.

) EmorClearsW ErrorClearTosaietyCPU |
!
' |
1 PWR
WC_Fower
AuisD—] Axis Aais|—Axis0
Cmadsrvon SrvOnStatus
1
r
Busy|
Error
ErroriD

SrvOnStatus CmdVelStart

VEL

MC_MoveVelocity

Execute
10485760— Velocity

10485760—| Acceleration

InVelaci

Busy

Active]

Deceleration

Jerk

Direction

Continuous

BufferMode

G

Error]

ErroriD)|

Add the code to change the
command velocity here.

|EIF E_AxisO_SLS_command_1=FALSE OR E_Axis0_SLS_command_1_active = TRUE THEN
Axis0_Velractor :=10;

L&

AuisD_VelFactor— VelFactor Busy[—Ent
able—| AccFactor &rror]
able—] JerkFactor ErroriD [—Enter
5 stor
MC_Stop
Axi SO AXiS e
Cmastop
Execute

10485760— Deceleration

Jeric

ErrorClearSW

ErrorClearsW

DRV_RESET

'—— Execute

MC_Reset
AT S0 ANIE e Ayris | Az

Don

Busy |—Ent:
Failure—£

Errorf—£

ErrorDf—£

ResethC

ResetMCError

Execute  Don

Busy

Failure (=t

Errorf—:

ErroriD|—Ente

ResetEtherCAT

ResetECErmor
Execute  Don

Busy

Error

ErroriD—t

1/=if E_AxisO_STO_command_active =TRUE THEN
2! CmdSrvOn:=FALSE;

3| CmdVelStart:=FALSE
4§ END_IF:

\

60 [r/min] (10% of command
velocity) when the SLS function is
active.

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

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

new_SafetyCPUO

new_SafetyCPUO

¥ 7_* Communications

Transfer to the standard controller.

Legend: | Synchronized || ¢ A
B Clear the present values of variables with Retain attribute (Valid for Transfer to Controller).
B Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

%' Do not transfer the following. (All items are not transferred.)
- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.

%' Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

[’] All data will be transferred because the projects in 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
e Cantenliar 0
W o s | S—

DEBUG Mode




Click the Start Debugging Button to start DEBUG mode.

. Start Debugging .

Click the Safety Validation Button.

afety Validation

The safety application is now ready to run.

kSafety Validation

Safety CPU Unit will start in RUN mode on next startup

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

FS Displays FSoE Green |ON FSoE slave connection established ]
Pomm ﬁashng T50E Slave connecton estabhshment in
status. s

Red | Flashing Safety Parameter Emror, Safety
Communications Timeout, or other
errors

— OFF The safety functions are disabled by
FSoE, the power is not supplied, ora
fatal emror including Self-diagnosis Emror
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B 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.

o

Double-click Section0 to display the section.

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

T-FEOEcEST

Check that the Servomotor rotates at about 600 r/min.

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

| SAFETYACTIVE | RUN

Check that the Servomotor rotates at about 60 r/min.
Check that the 7-segment LED display shows ‘SF’.

5F
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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 I
(@‘g

Check that the Servomotor rotates at about 600 r/min.
Check that the 7-segment LED display shows ‘oE.’.

oE.
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I 4.6. Adding the Safely-limited Position (SLP) Function

This section describes how to add the SLP function (SOPT1 and SOPT2 Input in Safety Origin
Position Determination Method) to the project created in 3. Performing Setup.

B Changes in System Configuration
Add the SOPT1 and SOPT2 input sensors.
NX-series NX1 CPU Unit
Additional I/O power supply
Digital Input Unit 1. Error clear button 2 gafety Key Selector Switch

NX-series Safety CPU Unit 3. Safety-door Switch

NX-series Safety Input Unit

4. Emergency Stop Pushbutton Switch

-

5. Safety reset button

I (.v

EtherCAT

AC Servo Drive

AC Servomotor

6. Sensors or switches

B Changes in Wiring
1. | Plug the wires for SOPT1 and SOPT2 into the Servo Drive. (CN14)

Safety signal
connector
(CN14)

@terminal —»{:
l Safety /O Signal Table ® Connector for CN14 (22 Pins)
: ‘Symbol (e, :l. ‘Symbol .nwc‘ S/11-ST-3.5-LRBK | PHOENIX CONTACT RB2A-CN1015™
T |EOMeP D+ Output with 12 |EOm EOM- Output o S ol e 2
shortcrout protecton 3.5F 14 and 5 SF2e
2 |EDMs EDM+ Output without 13 |SFA Reserved 8 SF2-and 7: SFB
short-craut protecton 13: SFA and 14: SF1+
D SF1 Input LN 2D SFTs ot 15: SF1- and 17: SF2-
4 |SF1- F1- Input 15 F 1. 3F1- Input & .
s oy e Ao Appi WG 2410 16 (02 1 1.5 mv) (St lengh of e wire nsulatng cover: 10 aw)
6 |52 SF2-Input 17_|SF2- F2- Input
7 Reserved {CH Reserved
5 701 Test Otput 1 % [T0 Test Ovout
7_[5oPT! SOPTT Inpt Pl s SOPTZ ot
0 [iov Test output, 24-V power 21 |16 Test output.
supply for SOPT input (+) supply for SOPT input
% % 7S

" 2
Note Connectors at Servo Drives side include 3 pin o prevent improper connection
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The operation of the servo system set up in this section is explained below.
When the error clear button is pressed, the errors of the standard controller and Servo Drive are

1.

reset.

When the Safety Key Selector Switch is operated to switch to safety active mode, the Servo

Drive activates the SLP function to monitor the Servomotor position. Before switching to safety

active mode, you need to perform operation to limit the operating range (operation within the

monitoring range) from the standard controller.
When the guard with the Safety-door Switch is opened while the SLP function is inactive, the

motor torque is turned OFF.
When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF.
When the safety reset button is pressed, the STO status is reset.

Input device State Operation
. Error clear button ON Enable error reset command
OFF Disable error reset command
. Safety Key Normal Deactivate SLP function.
Selector Switch operating
mode

Safety active

Activate SLP function.

mode When SLP position upper/lower limit range is exceeded, Servo
Drive goes into STO state and Excessive Limit Value Error
occurs.
. Safety-door Open SLP function deactivated: Enable STO command
Switch SLP function activated: Disable STO command
Close Disable STO command
. Emergency Stop ON Enable STO command
Pushbutton OFF Disable STO command
Switch
. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command
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M Operation of SLP Function with Motion Control

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

2. When the origin determination command is enabled, the Servo Drive starts a safety origin
determination operation. The Servomotor velocity recommended for origin determination

operation is 200 r/min or less. Once the safety origin is determined, the Servo Drive sets it as

the motion origin.

3. When the operation command is enabled, the Servomotor performs a reciprocating operation

with a motor shaft travel distance of 4 rotations.
4. When the operation limit command is enabled, the Servomotor performs a reciprocating

operation with a motor shaft travel distance of 2 rotations (within the SLP position upper/lower

limit range).

5.  When the SLP function is executed, the Servo Drive goes into the SLP state and monitors the

position.

6. When the SLP function is released, the Servo Drive goes into the normal state.

7. When the operation limit command is disabled, the Servo Drive performs a reciprocating
operation with a motor shaft travel distance of 4 rotations.

M Procedure for Safety Origin Position Determination

Safety Origin Position
SLP position Motion Origin POSL_QEFD position
upper limit H lower limit Work initial position
SOPT2 at 1SA Power ON

. SOPT1 o
Operation for Safety Origin POSItIOH%
I o
T

_

R b ke

v

Normal operation /"

v

]__

Limited operation
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W Safety Origin Determination Operation

Position

v

| Servo

Servo ON/OFF _OFF |

@Standard Controller

Operation Homing OFF u

@ Standard Controller

SOPTL input
@Servo Drive

SOPT2 input

@Servo Drive

Safety Origin Position

Servo ON
ON
Low High
Low | High
Low [ Hig

@Servo Drive

B SLP Monitoring Operation

Position
A

+1500000pulse  __} ______ f A ___________f __1

SLP monitoring position

+1500000pulse  --k---f----------- oo

Servo ON/OFF & —iR
@Standard Controller QOFF | Servo ON
Operation Command
@ Standard Controller g('::P’:"D PCMD ON
Limited Operation
P Normal | Limited | I

@Standard Controller

SLP Command
@Safety CPU Unit

SLP Command(Status)
@Servo Drive

Reset SLP

Normal status

Activate SLP

I Reset SLP

SLP status

| Normal status
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M Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.

Click SRA Parameters and click the Safety Function Assignment Settings
Button.

Muttiview Explorer v e

new_SafetyCPUO v @ @
A Configurations and Setup

¥ 1,* Communications
V & Safety BS
¥V ¥ Safety /O
» 5 NXBusMaster/Unit3 : NX-SID800 (N3 : Instancel)
¥ i Nodel X

Command

SLP instancel
oL AsNIgIES
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned

(SO ODSBSEFF

Click the B Button to display the SLP Detailed Settings view.
You can also use the BBESNNN Button to display the SLP Detailed Settings view.

SiPinstancel
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned

c




Set SLP parameters.

In this guide, set them as follows.

Name Value Unit
SLP position upper limit 1 1500000 | EncoderUnit
SLP position lower limit 1 | -1500000 | EncoderUnit

SLP instancel v Manual

¥ Instance Settings
oD 1 Name 0 win e
(65201 | Stp postionvpperme1 |
66A4.01 SLP position lower limit 1 EncoderUnit -1500000.000 [pulse]

w Timing Chart

Set SLP common settings.

Name Value Unit
Safety Origin Position 0: SOPT1 and SOPT2 Input -
Determination Method
Safety Origin Position Offset 0 EncoderUnit
Test Pulse Diagnosis 0: Test pulse diagnosis of TO1 -

output is not enable / Test pulse
diagnosis of TO2 output is not
enable

SOPT Input Terminal Setting 0: SOPT1 input : Positive logic / -
SOPT2 input : Positive logic

Discrepancy Distance 667240 EncoderUnit
Safety Origin Position 1048400 EncoderUnit
Tolerance

¥ SLP Common Settings
oD | Name | Value | Unit | Reference Information |
4F00.01 Safety Origin Position Determination Method (0'*'SOPTTand SOPT2 Input | 'v

4F00.04 Safety Origin Position Offset N ncoderUnit  0.000 [pulse]

4F00.02 Test Pulse Diagnosis 0 : Test pulse diagnosis of TO1 v
4F00.03 SOPT Input Terminal Setting 0= SOPT1 input : Positive logic v

4F00.05 Discrepancy Distance 667240 tncoderUnit 667240.000 [pulse]
4F00.06 Safety Origin Position Tolerance 1048400 EncoderUnit 1048400.000 [pulse]
Procedure for Discrepancy Distance Setting
1) Set Safety Origin Position Determination Method, Test Pulse diagnosis, and SOPT Input

Terminal Setting according to the sensor.

2) Set Discrepancy Distance to -1.

3) Set Re-measurement of Discrepancy Distance Monitoring to let a work carry out the
behavior of origin determination shown in Safety Origin Position Determination Method.

4) Use the Discrepancy Distance Monitor to read the distance between the SOPTs.

5) After confirming the validity of this value, set Discrepancy Distance and Safety Origin
Position Tolerance.
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* Set the above values after thoroughly verifying that the device safety can be secured even

if the safety origin position is shifted.

Open the I/O Map and create device variables.

Port

Variable name

SLP command1l Active for R88D-

1SANO2H-ECT

E_AxisO_SLP_commandl_Active

SLP command1l for R88D-1SANO2H-ECT

E_AxisO_SLP_commandl

ew Explorer
Positi
new_SafetyCPUO v ——
NXBusMaster
NXBusMaster/Unit3 »

v

EtherCAT Master
Nodel v

L % SRA Parar
ndard

ve

Port
CPU/Expansion Racks
NX102-1000
NX-SID800
EtherCAT Network
Master
R88D-1SANO2H-ECT
¥ Safety Inputs
STO Active
SOS command1 Active
SDIp command Active
SDIn command Active
Error
SLP command1 Active
Not Assigned Bit 09
Not Assigned Bit 10

Not Assigned Bit 13
Not Assigned Bit 14
Safety Connection Status

W Safety Outputs
sT0
$51 command1
552 command1
SOS command1
SDIp command
SDin command
Error Ack
SLP command1

RW

DD WDDDDODD DD D

EEsssss¢s

Data Type

SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOIL

SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL

SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL

Variable Variable Comment Variable Type

E_Axis0_STO_Active

[ Axis0 Error Eobal Varisbles
[F_ARs0_SLP command 1 Active Tobal Variables

[E_AxisO_Safety_Connection_Status lobal Variables

Aeb o] lobal Variables
[E_Axis0_SLP_command1 Tobal Variables
T




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

omNX —— ResetSignalFromNX

AD
E_Axis0_Error E_Rxis0_Safety_Connection_Status & E_Axis0_Status

SF_EmergencyStop_0
SE_EmergencyStop

TRUE  Activate Ready — SI_E_Stop_Out
SI_E_Stop S_EStopln S_EStoplut

FALSE S_StartReset Exrrorr

FALSE S_AutoReset DiagCode —

SI_ResetSignal_Out —Reset

SF_GuardMonitoring_0
SF_GuardMonitoring

o [ When change of the operating
SI_DcorSwitch S_GuardSwitch2 Errorr mode of the Safety Key Selector
tils DiscrepancyTime DiagCode ~
. N — Switch to safety active mode is

EALSE— SONERRERE detected, the SLP function is

SI_ReserSignal Out —Reset

/ SF_ModeSelector_0
SF_Modeselector
N3_Safety_Connection_Status — Activate S_Mode0Sel Runiode

SI_KeySelectorSwitchl |S_Mode0 S_ModelSel = SLPActive_RunMode

activated.

SI_KeySelectorSwitch2 —|S_Model
TRUE |S_Unlock
FALSE |S_SetMode
TRUE - RutoSetMode
t4#23 — ModeMonitorTime

SI_ResetSignal_Out — Reset

SE_SafetyRequest_0

NoT SE_SafetyRequest

SLPAcTive_RunMode E_Axis0_Safety_Connection_Status — Activate Ready - SLE_Active

|S_Opiode S_SafetyActive
E_Ax130_SLP_conmandl_Active —|S_Acknowledge S_SafetyRequest - E_Axis0_SLP_commandl
\ ©#1000ms  MonitoringTime Error
\ SI_ResetSignal_Out —Reset DiagCode
AND
SI_DoorSwitch_Out E_Axis0_STO_Inl
e G —
SLE_Active SI_E_Stop_out

Add the code to deactivate the

STO function activated by the
Safety-door Switch when the
SLP function is activated.
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Ea

E_Axis0_STO Inl ‘ & E_Axis0_STO_In ALL

TRUE

SE_EDM 0
‘ SF_EDM
E_Axis0_Status  Activate Ready — E_Axisz0_STO
£_Axis0_STO_In ALL 5_OutControl 5 =DM Ouc
E_Axis0_STO_Active —|S_EDM1 Error—

E_Axi30_STO_Active ‘s_:m DiagCode —
©#300ms ‘Hunl.tun.nqume
TRUE |S_StartReset

SI_ResetSignal Out —Reset

OC_SF_ResetSafetyError 0
0C_SF_ResetSafetyError
£_Axis0_Safecy Comnection _Status —Activace Ready —

ResetSignalFromNX Reset ErrorAck

t#350ms |Re:=tE’ulseﬁldth

E_Axis0_Error_Ack




M Setting the Standard Controller

1.

Create code for the standard program.
Add the code to change the travel distance.

* When the operation limit command is enabled, set the travel distance to -1048576

to 1048576 (-1 to 1 rotation).

* When the operation limit command is disabled, set the travel distance to -2097152

to 2097152 (-2 to 2 rotations).

ErrorClearsW
1

ErrorClearToSatetyCPU |

r
1 PWR

AxisD— AXS —r

Cmason
I
I

I

N

MoveRelativel

Part of safety origin determination

operation

HomingMoveComplete A\

7

A

WC_MoveReatve
AiSOd AXIS e Axis|=Axs0
CmaHomingStart
—— p——————ferecute

3145726 Distance Busy|- €A 2
174763—{Velocity Activel~ TEEA

Fiass &
1048576 Deceleration Ermod- T
T lerk ErrorD}= T2 EA D

= —Butrervoce
3 HomeWthParameter
MC_HomeWwithParameter
Axiso— axis —_— — Axis|-Axis0

Hom: aramete
HomingMoveComplete e

{ | Execute

Busy|- F&E

CommandAborted |~ T A 7
\ Error|— THEA Y
ErroriDf— THEA S

HomingComplete

1 homeParams.Offset :=E_Axis0_Safety_Present_Position;

MoveAbsolutel

s

f-Axis0

MC_MoveAbsoiute MC_MoveAbsolute
/ CmaMoveStart SvOnStatus HomingComplete Completel Mlajhts ] Bl e ———— e
t {1t i} i/ Execute Doy Execute Done
position1—{Position Busyl- E#EAS  postion2—]Position Busy,
10485760—veiocity Active|- 72 10485760 velocity Actvel- T A 7
85760 on € 10485760 on Comm
10485760— Deceleration Eor}— TEEAD 10485760~ Deceleration Erorj— TWEAD
£ e ErroriD|- T#EA S e Jerkc ErroriDf— TaFA 7
' Direction 7= Direction
7—{ButferMode r 7 ButferMode

position1 := 1048576;

position2 :=-1048576;
ELSE

position1 := 2097152

position2 := -2097152;

MC_Stop
Axisd—{Axis  ——

CmdStop

| —

10485760

Deceleration
Jerk

BufferMode Comm

‘ *"/SLP activated:
-1048576 to 1048576 (Reciprocating operation of -1 to

1 rotation)
SLP deactivated:
-2097152 to 2097152 (Reciprocating operation of -2 to

\2 rotations)

“~

Complete?

—

Part of reciprocating operation

\

/
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7 IfroRegEELET

DRV_RESET
MC_Reset
_ N Al — Axis|—Ax1s0
ErrorClearSW
Execute Do
Busy)|
Failure
Error
ErroriD)|
5 NDE=EEELEY
ResetMC
ErrorClearSW ResetMCError

} Execute  Dons

Busy
Failure

Error|

ErroriD

ResetEtherCAT
ResetECError
Execute  Don:

ErrerlD

¢ Sif E_Axis0_STO_command_active =TRUE THEN
CmdSrvOn:=FALSE;
CmdMoveStart:=FALSE;
END_IF;

LB

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

new_SafetyCPUO

¥ new._SafetyCPUO LS

¥ 1.* Communications

Connect to the standard controller.

Click the Synchronization Button to synchronize with the standard controller.

Transfer to the standard controller.

Legend: | Synchronized || ¢ “n

Il Clear the present values of vanables with Retain attribute (Valid for Transfer to Controller)
Il Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.
& Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.

- Slave Terminal Unit operation settings and NX Unit application data

Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

E’ All dat. | be transferred because the projects 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
pasar Canteallar N

»

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

T —
. Start Debugging .

Click the Safety Validation Button.

Safety Validation

Click the OK Button.

LSafety Validation

Safety CPU Unit will start in RUN mode on next startup

o5

Click the Run Button.
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The FSoE communications are now established.
The FS indicator is lit in green.

e
status.

Green | ON FSOE slave connection established ]
Flashing FS0E Slave connecton estabhshment in
progress
Red | Flashing Safety Parameter Emor, Safety
Communications Timeout, or other
errors
— |OFF The safety functions are disabled by

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




B Checking Operation of the SLP Function

1.

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

»

Press the safety reset button.

o’

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 CmdHomingStart and select Set/Reset — Set.

P-ITEaEEFEE 3.

Check that an origin determination operation starts and completes.
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6. | Right-click CmdVelStart and select Set/Reset — Set.
Confirm that the Servomotor performs a reciprocating operation with a motor shaft
travel distance of 4 rotations.
7. | When CmdMovelLimit is enabled (True), the Servomotor performs an operation with
the travel distance limited (operation within the monitoring range).
True Falsa
L
Confirm that the Servomotor performs a reciprocating operation with a motor shaft
travel distance of 2 rotations.
8. | Operate the Safety Key Selector Switch to switch to safety active mode.
I | SAFETYACTIVE | RUN
Check that the 7-segment LED display shows ‘SF’.
5F
9. | Open the guard with the Safety-door Switch.
Check that the 7-segment LED display still shows ‘SF’.
10. | Close the guard and press the safety reset switch.




11. | Operate the Safety key Selector Switch to switch to normal operating mode.
SAFETYACTIVE
Check that the 7-segment LED display shows ‘oE.’.
o L.
12. | When CmdMovelLimit is disabled (False), the Servomotor performs an operation
based on the original travel distance.
Confirm that the Servomotor performs a reciprocating operation with a motor shaft
travel distance of 4 rotations.

M Procedure for Recovery from an Excessive Limit Value Error (Er.71.03)
If the motor position goes out of the SLP monitoring range during SLP monitoring, an
Excessive Limit Value Error (Er.71.03) occurs.

Use the following procedure to reset the Excessive Limit Value Error (Er.71.03) and move the

motor position into the SLP monitoring range.

1.

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

2. Press the safety reset button.
3. Press the error clear button twice.
4. Double-click Section0 to display the section.

Multiview Explorer =
‘_t\m_Conbolev_D'T | H
[ g Configurations and Setup

A4 Programming

v @ POUs
¥ £ Programs

L @) Function Blocks

> M Data
> B Tasks
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Right-click CmdSrvOn and select Set/Reset — Set.

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

oE.

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

Check that an origin determination operation starts and completes.

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

Confirm that the Servomotor performs a reciprocating operation with a motor shaft
travel distance of 4 rotations.

When CmdMoveLimit is enabled (True), the Servomotor performs an operation with the
travel distance limited (operation within the monitoring range).

True False
» -2097152

» 2067152
p -2097152

Confirm that the Servomotor performs a reciprocating operation with a motor shaft
travel distance of 2 rotations.




I 4.7. Adding the Safe Direction (SDI) Function

This section describes how to add the SDI function to the project created in 3. Performing Setup. The
SDI function monitors that a Servomotor is not operating toward a prohibited rotation direction.
To monitor that a motor axis is rotating in the positive direction: SDI negative direction

command (SDIn)
To monitor that a motor axis is rotating in the negative direction: SDI positive direction

command (SDIp)
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 Servo
Drive activates the SDI function to monitor the Servomotor rotation direction.
3. When the guard with the Safety-door Switch is opened while the SDI 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.

NX-series NX1 CPU Unit

Additional 1/0O power supply

Digital Input Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit

1. Egor clear button 2. Safety Key Selector Switch

3. Safety-door Switch

EtherCAT

AC Servo Drive

AC Servomotor

4. Emergency Stop Pushbutton Switch

5. Safety reset button

N (‘v

Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
2. Safety Key Normal Deactivate SDIn function.
Selector Switch operating
mode

Safety active
mode

Activate SDIn function.

When velocity zero window is exceeded, or position zero
window is exceeded from stop position, Servo Drive goes into
STO state and Excessive Limit Value Error occurs.
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3. Safety-door Open SDIn function deactivated: Enable STO command
Switch SDIn 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

o Operation of SDI Function with Motion Control

1.
2.

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 600

r/min.

When the SDIn function is executed, the Servo Drive goes into the SDIn active state and

monitors the rotation direction and position zero window.

When the SDIn function is released, the Servo Drive goes into the normal state. The monitoring

of the motor velocity stops.

Velocity

/

Monitoring Motor Rotation

1
1
E Direction
0 ; >
-50[r/min] | T T Pt
l :
! |
@Standard Controller &l Servo O!\l !
Operation Command PCMD OFFl PMCD Or\:l X
@ Standard Controller b |
! 1
SDI negative direction Reset SDIN Activate SDIn
Command
@Safety CPU Unit | !
SDI negative direction |
Command(Status) Normal status | SDIn status

@Servo Drive
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M Setting the Safety Controller

1.

Select new_SafetyCPUO from the list.

NodeT : R88D-1SANO2H-ECT (E_Axis0) : O
U/Expansion Racks
wm CPU Rack

Click SRA Parameters and click the Safety Function Assignment Settings
Button.

Muttiview Explorer
new_SafetyCPUO v |
A4 Configurations and Setup

¥ %.* Communications
¥ & Safety
¥V 1 Safety VO
» §5 NXBus! /! : Active
¥ 2 Nodel s
) |

Clear the selections

ty Functions Command

Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned
Not Assigned

Click the B Button to display the SDI Detailed Settings view.
You can also use the [EEBESS Button to display the SDI Detailed Settings view.

Active Safety Functions Command

Err

Not Assigned
Not Assigned
Not Assigned
Not Assigned

Not Assigned
Not Assigned
Not Assigned
N gned
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Set SDI parameters.

In this guide, set them as follows.

Name

Value

Unit

SDI position zero window

131072

EncoderUnit

SDI velocity zero window

50

r/min

Manual

¥ Instance Settings

oD | Name

66D5.00 SDI velocity zero window

¥ Timing Chart

E

r/min

S0In status

| Reference Information |

[encoderis | 131072000 pusl |

873813.333 [pul

Open the I/O Map and create device variables.

Port

Variable name

SDIn command for R88D-1SANO2H-ECT

E_AxisO_SDIn_commandl

Multiview Explorer

new_S-;le‘ryCPUO = Position
A4 Configurations and Setup

Communications

NXBusMa
NXBusMa  p

+ 0 m

Port R/W | Data Type
¥ & CPU/Expansion Racks
NX102-1000
NX-SID800

s ¥ & EtherCAT Network

% Safety
Safety /O
V¥ ¥ NXBusMa:

EtherCAT
Node1l v

L} Parameters
Node1 : R88D-1
L |5 SRA Paramet
» &) Standard
. Task Settinas

Master
R88D-1SANO2H-ECT
'V Safety Inputs

STO Active

SOS command1 Active
SDIp command Active
SDIn command Active
Error

Not Assigned Bit 08
Not Assigned Bit 09
Not Assigned Bit 10
Not Assigned Bit 11
Not Assigned Bit 12
Not Assigned Bit 13
Not Assigned Bit 14
Safety Connection Status

XD DDDBDBDD DR

¥ Safety Outputs

STO

SS1 command1
$52 command1
SOS command1
SDIp command
SDin command
Error Ack

Efs=ss=ss=s¢=

Variable Variable Comment Variable Type

B3l lE AxisO_STO Active Global Vanables
SAFEBOOL
SAFEBOOL
SAFEBOOL
123 le ME AxisO_Error
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
R30I e AxisO_Safety Connection_Status

[Giobal Variables

lobal Vanables

Global Variables

- T0lo e AxisO_STO
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
B23:T0loMlIE AxisO_SDin_command Global Variables
SAFEBOOL lobal Variables




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

OC_ResetSignal
SI_ResetSignal Reset ResetSignal Out —— SI_ResetSignal_Out

t4350ms ResetPulseWidth

ErrorClearFromNX ResetSignalFromNX

§|

E_AxisO_Error E_Axis0_Safety Connection_Status &

SF_EmergencyStop_0
i SF_EmergencyStop

i
TRUE —|Activate Ready ‘v— SI_E_Stop_Out
SI_E_Stop ‘S_EStaan S_EStopOut |
FALSE }S_Stnnkeau Erro:L

FALSE ‘S__Autollese: DiagCode

SI_ResetSignal Out —‘Re:et ‘

SF_GuardMonitoring_0
SF_GuardMonitoring

N3_Safety Connection_Status — Activate Ready —
SI_DoorSwitch S_GuardSwitchl 5_GuardMonitoring

SI_DoorSwitch 5_GuardSwitch2 Error—

tils DiscrepancyTime DiagCode —

FALSE S_StartReset

FALSE S5_AutoReset

SI_ResetSignal_Out —Reset

E_Axis0_Status

SF_ModeSelector_0
SE_ModeSelector
N3_Safety_Connection_Status Activate 5_ModeQSel

SI_KeySelectorSwitch2 —|S_Model

IRUE S5_Unlock

FALSE 5_SetMode

TRUE AutoSetMode

t#2s  ModeMonitorTime

SI_ResetSignal_Out —Reset

|

SDIActive_RunMode ‘ E_Rxis0_SDIn_command

SI_KeySelectorSwitchl S_Mode0 §_ModelSel - SDIActive_RunMode

When change of the operating
mode of the Safety Key Selector
Switch to safety active mode is
detected, the SDI function is
activated. /

RunMode
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l

OR AND
SI_DoorSwitch_Out E_Axis0_STO_Inl
- ‘ & |

SI_E_Stop Qut

SDIActive RunMode 1

Add the code to deactivate the

[ e . .
E_fixia0_S10_Tod | & E_foxis0_STO_In ALL STO function activated by the
T Safety-door Switch when the SDI
b function is activated.
SF_EDM_0
SF_EDM
E_Axis0_Status Activate Ready — E_hxis0_STO
E_Axis0_STO_In_ALL §_CutControl S_EDM_Qut
E_Axis0_STO_Active ‘5750!(1 Error —
E_Axis0_STO_Active ‘s_r.nuz DiagCode —
t#300ms MonitoringTime
TRUE |S_StartReset
SI_ReserSignal Out —‘Re.!eu

OC_SF_ResetSafetyError_0

0OC_SF_ResetSafetyError
E_Axis0_Safecy Connection_Status — Activace Ready —~ E_Axis0 Error Ack
ResetSignalFromNX —Reset Errorick

t§350ms ResetPulseWidth




M Setting the Standard Controller

1.

The program is the same as that of the STO function. For further details, refer to

3.6 Creating a Motor Control Program.

Confirm that the program is as follows.

) ErrorClearSW ErrorClearToSafetyCPU I
[ L)
r S |
1 PWR
MC_Power
AxisO— Axis Axis = AxisO
CmdSrvOn SrvOnStatus
Enable Statu:
ErroriDj— vl
2 VEL
MC_MoveVelocity
AxXisO—] AXis = Axis f—AxisO
SrvOnStatus CmdVelStart
—<| }7 Execute InVelocity
10485760~ Velocity Busyl=ERFAT
10485760—{ Acceleration Active|

10485760~ Deceleration CommandAborted

THEA S Jerk
F2¢¥ A 77— Direction

A 7~ Continuous

Error|

ErmroriDf— T & A

3 STOP
MC_Stop
AxisO— Axis  —— Axis —AxisO
CmdStop
—{ }— Execute D
10485760— Deceleration Busyj—=# v,
THREA S Jerk Active’
F2F A 77— BufferMode CommandAborted |— =2
Errorf— s,
ErroriD/ 7
4 DRV_RESET
MC_Reset
N Axisd— Axis ———— Axis|—Axis
ErrorClearSW
p———fexecute Dan
Busy|— F2F
Failure}— TH#A 7
Error|
ErroriD|
5 ResetMC
ErrorClearsW ResetMCError
I Execute Don
Busy|-E&EAY
Failure|— Z&# A5
Errorf— F&EAS
ErroriD|— =5
ResetEtherCAT
ResetECError
Execute Don
Busy sl
Emorj= EHEAS
ErorlD|— TEFEAY
& 1i=if E_AxisO_STO_command_active =TRUE THEN

2|  CmdSrvOn:=FALSE:
3 CmadVelStart:=FALSE;
4{| END_IF;
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Transfer to the standard controller.
Select new_Controller_0 from the list.

new_SafetyCPUO v

- o Vi - J
y new_daretyLruu k
¥ 1.* Communications

Connect to the standard controller.

Transfer to the standard controller.

Legend: | Synchronized || 0
B Clear the present values of vanables with Retain attribute (Valid for Transfer to Controller)

l Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data

% Do not transfer the EtherNet/IP connection settings (i.e., tag data link s

Transfer To Controller Transfer From Controller

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller 0

V i EtherCAT

A

DEBUG Mode

Click the Start Debugging Button to start DEBUG mode.

I —
n, e i
. Start Debugging .




Click the Safety Validation Button.

Safety Validation

Click the OK Button.

jaisty Validation e -

Safety CPU Unit will start in RUN mode on next startup

[~on ]

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

FS Displays FSoE Green | ON FSoE slave connection established l

communications
Hash-ng TS0 Slave Connecton estabhshment in
progress

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

— OFF The safety functions are disabled by
FSoE, the power is not supplied, or a
fatal emror including Self-diagnosis Emor
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B Checking Operation of the SDI Function

1.

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

SAFETYACTIVE

Press the safety reset button.

o’

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.

T-7EEECEST

Check that the Servomotor rotates at about 600 r/min.
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Operate the Safety Key Selector Switch to switch to safety active mode.

| SAFETYACTIVE | RUN
y

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

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

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

o L.
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| 2.8. Adding Multiple Safety Functions (SS2 + SLS)

This section describes how to add the SS2 and SLS functions 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-door Switch is opened, the standard controller lets the Servomotor decelerate
to a stop. The Servo Drive activates the SS2 and SLS functions and monitors the motor position

and velocity.

3.  When the Safety Key Selector Switch is operated to switch to safety inactive mode, the standard
controller changes the velocity command value to low speed. The Servo Drive deactivates the

SS2 function.

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.

NX-series NX1 CPU Unit
Additional I/O power supply
Digital Input Unit

NX-series Safety CPU Unit
NX-series Safety Input Unit

EtherCAT

AC Servo Drive

AC Servomotor

1. Error clear button 2. Safety-door Switch

-

3. Safety Key Selector Switch

4. Emergency Stop Pushbutton Switch

5. Safety reset button

I (.Q

Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
2. Safety-door Open Make Servomotor decelerate to a stop and activate SOS
Switch function using SLS and SS2 functions. When SLS velocity limit
or SOS position or velocity zero window is exceeded, Servo
Drive goes into STO state and Excessive Limit Value Error
occurs.
Close Deactivate SS2, SOS, and SLS functions with Servomotor set

to run at normal velocity.
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Input device State Operation
3. Safety Key Normal Safety-door Switch Open: Activate SS2 and SLS functions
Selector Switch operating Safety-door Switch Closed: Deactivate SS2 and SLS functions
mode
Safety Deactivate SS2 function.
inactive
mode
4. Emergency Stop ON Enable STO command
Pushbutton OFF Disable STO command
Switch
5. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command

o Operation of SS2 and SLS Functions with Motion Control

1.
2.

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 600
r/min.

When the SS2 function is executed, the Servo Drive shifts to the SOS state after the wait time
(SS2 time to SOS 1) and monitors the motor position and velocity.

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 lets the Servomotor decelerate to a stop.

The Servo Drive monitors the motor velocity by releasing only the SS2 or SOS function with the
SLS state maintained.

The standard controller sets the command velocity to the Servomotor to 60 r/min.

When the SS2 function is executed, the Servo Drive shifts to the SOS state after the wait time
(SS2 time to SOS 1) and monitors the motor position and velocity.

The standard controller lets the Servomotor decelerate to a stop.

When the SS2 or SLS function is released, the Servo Drive goes into the normal state and stops
monitoring the motor position and velocity.

The standard controller sets the command velocity to the Servomotor to 600 r/min.
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Velocity

+500[r/min]

1N

SLS velocity limit

+60[r/min] 308 /—\ S0S
0 vclocity/posi vclocity/posi
tion Zero tion Zero
-60[r/min] window window
-500[r/min]
SS2 Command ; ;
Reset $S2 Active S52 Reset SS2 Active 552 Reset SS2
@Safety CPU Unit
Normal Normal Normal
SS2 Command(Status) _status SS2? status status SS2 status status
@Servo Drive
Normal Normal Normal
S0S Command(Status_) status S0S status status S0OS status status
@Safety CPU Unit
SLS Command ) —
@Safety CPU Unit Reset SLS Active SLS | Reset SLS
Normal Normal
SLS Command(Status) status SLS state status

@Servo Drive



M Setting the Safety Controller

1. Select new_SafetyCPUO from the list.

2.

Button.

Multiview Explorer

\
3.

Select SLS instance1.

4. Click the g Button to display the SS2 Detailed Settings view.
You can also use the IS Button to display the SS2 Detailed Settings view.
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Set SS2 parameters.

In this guide, set them as follows.

Name Value Unit
SS2 timeto SOS 1 1000 ms
SS2 time for velocity zero 1 500 ms

82 instancel v Manual

¥ Instance Settings
oD | Name ] Unit | Reference Information

6672.01 552 time for velocity zero 1

 Timing Chart

§52 status —————— 8§82 status

Click the ] Button and then click the SOS Detailed Settings view.
You can also use the IS Button to display the SOS Detailed Settings view.

Not Assigned
Not Assigned

Set SOS parameters.

In this guide, set them as follows.

Name Value Unit

SOS position zero window 1 131072 EncoderUnit

SOS velocity zero window 1 60 r/min

SOS instancel v Manual

¥ Instance Seﬂlng
oD Name Unit | Reference Information |

666501 s/os position zero window 1 | 131072 | 131072000 [pulse]

666C.01 SOS velocity zero window 1 Jmin 1048576/000 [pulse/s]
¥ Timing Chart

Click the B Button to display the SLS Detailed Settings view.
You can also use the ISR Button to display the SLS Detailed Settings view.

Not Ass lglved

Not Assigned
Not Assigned
Not Assigned
Not Assigned




Set SLS parameters.

In this guide, set them as follows.

Name Value Unit

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

SLS time for velocity in 500 ms
limits 1

Error Detection Activate In Activate -
SLS Deactivate

SLS instance v Manual

¥ Instance Settings

oD | Name I Value Unit | Reference Information

T E T e R |

6693.01 SLS velocity limit 1

6694.01 SLS time for velocity in limits 1 ms

AF16.01 Error Detection Activate In SLS Deactivate (S~ 1 * Activate v -
v Timing Chart

SLS status

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

Port Variable name
SOS command1 Active for RB8D-1SANO2H- | E_AxisO_SOS _commandl_Active
ECT
SLS commandl Active for RB8D-1SANO2H- | E_AxisO_SLS commandl_Active
ECT
SS2 commandl1 for R88D-1SANO2H-ECT E_AxisO_SS2_commandl
SOS command1 for R88D-1SANO2H-ECT E_AxisO_SOS _commandl
SLS command1 for R88D-1SANO2H-ECT E_AxisO_ SLS commandl

Multiview Explorer

[ | RAW | Data Type | Variable | Variable Comment | _Variable Type |
new_SafetyCPUO ¥ v ¥ CPU/Expansion Racks

NX102-9000
» ' NXSID300
¥ ¥ EtherCAT Network
Master
¥ R82D-1SANO2H-ECT

<AEFRAAI [ Ao
53Tl ME Axis0_SOS_commandi_Active lobal Variables
SAFEBOOL
SDIn command Active R SAFEBOOL
e <AEFRANT =
SLS command1 Active R Y1210l Axis)_SLS_command1_Active
i SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
BrETelo]MNE Axis0 Safety_Connection_Status lobal Variables

4 Programming

saresooL  [EEEIRE] lobal Variables

eAcERAM

552 command1 B:\2=: 1ol MF AxisD_SS2_commandl
S0S command1 L1 Te | E Axis0_SOS_command1
>UIp commana SAFEBUUL
SDIn command SAFEBOOL

R cAccoA AR

SLS command1 125 1ol Axis0 SLS_command1
Mo oo on oo acepoo
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11.

Create a safety program.

Add the following code to AutoProgram1.

OC_ResetSignal 0

t$#350ms ‘Rese

5I_ResetSignal Rese

OC_ResetSignal

T Reset3ignal Qut —— 5I_ResetSignal_Qut

tPulseRidth

ErrorClearFronNX ResetSignalFromNX
3
NOT AND
E Axis0 Error E Axis0_Status

5F_EmergencyStop_0

TRUE

SI_E_Stop

ERLSE

FALSE ‘
S5I_ResetSignal_Qut «l

SF_EmergencyStop
Activate Ready [~
5_EStopIn 5_EStopQut
5_StartReset Error —
5_RutoReset DiagCode —
Reset

SF_GuardMonitoring 0

E Axwis0 Safety Connection Status | &

SI_E_Stop_Out

When change of the Safety-
door Switch to Open is
detected, the SS2 function is
activated.

When change of the operating

SF_GuardMonitoring
N3_Safety Connection_Status —(Activate Ready — ST
mode of the Safety Key
SI_DocrSwitch — 5_GuardSwitchl S_GuardMenitering
ST DoorSwitch {5 CuardSwizeh Selector Switch to safety
t£1000ms DiscrepancyTime DiagCode — H H d H d d
inactive mode is detected, the
FALSE 5_StartReset . . .
SS2 function is deactivated.
FALSE S5 _AutoReset
5I_ResetSignal Qut —{Resst /
L
SF_ModeSelector_0
SF_ModeSelector
N3_Safety Connection Stetus — |Rctivete 5_Mode0Sel RunMode
SI_KeySelectorSwitchl S5_Model 5 ModelSel SS2Diactive RunMode
SI_ReySelectorSwitch2 S5_Model 5_anyModeSel —
TRUE S_Unluck
FALSE 5_SetMode
TRUE |RutoSetMode
tfls ModeMonitorTime
SI_ResetSignal_Out —Reset
OC_SF_552_0
OR OC_SF_852
SI_DoorSwitch_Out >1 E_Rxis0_Status — Activate Ready — E_Axi=0_SS2_ccmmandl
SS2Diactive RunMode S SS2_In S_SS2_Command
TRUE —|S_S0S_In

E Axis0 SOS commandl Active

5 S0S_State




| SP_SafetyRequest
E_Axis0_Status — Activate Ready SLS_Active
5I_DoorSwitch_Out — 5_OpMode 5_SafetyActive
E_Axis0_SL5_commandl_Active |S_Acknm-'1edge 5_SafecyRequest - E_Axis0_SLS_commandl
£#1000ms — MonitoringTime Error —
SI_ResetSignal_Out — Reset DiagCode

SF_SafetyRequest_0

SI_E Stop Out

E_Zxis0_STO Inl &

TRUE

E 2xis0 STO Inl

When change of the Safety-door
Switch to Open is detected, the
SS2 function is activated.

E_Axis0_STO In ALL

Change SI_DoorSwitch_Out to
TRUE since the Safety-door

SE_EDM 0
SE_EDM
E_RExis0 Status — Activate Ready — E_Axis0_STO SWltCh does not ISSUG the STO
E 2xis0_STO In ALL —|5_OutContzol 3_EDM Qut
command.
E_Axis0_STO_Betive —|S_EDML Exzor
E_2xis0_STO_Active ‘s_znm DiagCode
+4300ms — |MonitoringTime
TRUE | 5_StartReset
SI_ResetSigmsl Out 4 Reset

E 2xis0 Safety Connection Statu

ResetSignalFromWX —Reset Errorick

©#350ms ResetPulseWidth

0C_SF_ResetSafetyError 0

OC_SF_ResetSafetyError
s —|Activate Ready — E 2xis0 Error Ack
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M Setting the Standard Controller

1. Select new_Controller_0 from the list.

new Controller

Controller 0
new_daretyLruu
v

V¥ © Nodel : R88D-1SANO2H-ECT (E_Axis0) : Offl
L[ Parameters
LB FFT

L B4 Data Trace Settings

2. Double-click I/O Map.

Multiview Explorer
new_Controller_0 =

A4 Configurations and Setup
WV i@ EtherCAT

» © Nodel : R88D-1SANO2H-ECT (E_Axis0) : Offl
CPU/Expansion Racks

3. Create device variables.

Port

Variable name

SS2 command1 for R88D-1SANO2H-ECT

E_Axis0_SS2_command_1

SLS command1l for R88D-1SANO2H-ECT

E_AxisO_SLS command_1

SOS command1 active for R88D-1SANO02H-
ECT

E_AxisO_SOS command_1 active

SLS command1 Active for R88D-1SANO2H-
ECT

E_AxisO_SLS command_1 Active

¥ Mirror Safety controlword
STO command
551 command 1
552 command 1
SOS command 1
Mirror Safety Controlword 4
SDI pos
SDI negative direction command
error acknowledge:
SLS command 1

rection command

Mirror Safety Controlword 9

¥ Mirror Safety statusword
STO command active
Mirror Safety Statusword 1
Mirror Safety Statusword 2

ermor acknowledge active
SLS command 1 active
Mirror Safety Statusword 9

ative direction command a( Mirror Safety Status

Mirror Safety controlword R

Mirrar Safety Controlword | R

Mirror Safety Controlword R
Mirrar Safety Controlword .

_Axis0_SS2_command_1

Euba\ Variables |

Mirror Safety Controlwerd | R

Mirrar Safety Controlword

Mirror Safety Controlword R

Mirrar Safety Controlword

Mirror Safety Controlword ' R

Mirrar Safety Controlword

_Avis0_SLS_command_1

[Global Variables |

Mirror Safety Controlwerd ' R

Mirror Safety statusword R
Mirror Safety Status

£ Axis0_STO_command_active

Mirror Safety Statu

Iauba\ Voriables
1

Mirror Safety Status
Mirror Safety Statu

£ AxisD_SOS_command_|_active

k lobal Variables

Mirror Safety Status

Mirror Safety Statu
Mirror Safety Status

E_Axis0_SLS_command_1_active

Mirror Safety Statusword 9 R

E\\:ba\ Variables




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

» When the SS2 or SOS function is active, reduce the command velocity to 0 r/min.
* When the SLS function is active, reduce the command velocity to 60 r/min.
* When the SS2, SOS, and SLS functions are all inactive, increase the command

velocity to 600 r/min.

Add the code to change the

command velocity here.

0 EmorClearsw ErrorClearTosafetyCPU |
I
‘ |
1 PWR
WC_Power
Aaisd—| s is|— Axis0
Cmdsnon SrvOnStatus
Enable Statu
Busy|— £
Error]
ErmoriD|— £
2 VEL
MC_Movevelodty
AxisD— Auis Audis]—Axis)
SrvOnStatus CmavelStart
Execute InVelocity
10485760 Velocity Bus,
10465760—{Acceleration Activ
10485760— Deceleration CommandAborted(—=
bie—]lerkc Erro
e—|Direction EmoriDf—-
e—|Continuous
e—|ButferMode

3 H 1-IIF E_Axis0_S52_command_1=FALSE OR E_AxisO_SOS_command_1_active = TRUE THEN
2] Axis0_SS2_VelFactor :=0;

3f| ELSE

4 Axis0_SS52_VelFactor:=100;

s{| END_IF:

6)

7

8

-IIF E_Axis0_SLS_command_1=FALSE OR E_AxisO_SLS_command_1_active = TRUE THEN
Axis0_SLS_VelFactor :=10;
afl| ELSE
10 Axis0_SLS_VelFactor=100;
114 END_IF:

13] AxisO_VelFactor:=MIN({Axis0_S52_VelFactor, Axis0_SLS_VelFactor);

I i |

4 SET OV
MC_SetOverride

AxisO—] Axis Axis = AxisO

Enable Enabled
VelFactor Busy|

smaller.

le—| AccFactor Error

le—] JerkFactor ErroriD

5 stoR
MC_Stop

Auiso— A

Cmastop
e B E—
10485760 Deceleration

bie—|Jerie

3 DRV_RESET
MC_Reset

. Auisd—{ Awis ———— Axis|-AxisD 2
ClearSW .

B i i ResethiC
EmorClearsw ResetMCErTor

I
I e D

ResetEtherCAT

Use the velocity in 1 or 2, whichever is

1. When SS2 or SOS function is active:

0 [r/min] (0% of command

velocity)

command velocity)

When SLS function is active:

When SS2 or SOS function is inactive:
600 [r/min] (100% of

60 [r/min] (10% of command

velocity)

When SLS function is inactive:
600 [r/min] (100% of

command velocity)

/

ResetECEmor
Execute D¢

Busy[—nt

Errar|

ErroriD |

8 1§=if E_Axis0_STO_command_active =TRUE THEN
2{|  CmdSrvOn:=FALSE;

3 CmdVelStart=FALSE:

4} END_IF:

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

new_SafetyCPUO v

‘ - A o4 ‘ - J
new_daretyLruu k
¥ 1.* Communications

Connect to the standard controller.

Transfer to the standard controller.

Legend: | Synchronized || ¢ 0

B Clear the present values of variables with Retain attribute (Valid for Transfer to Controller).

H Do not transfer the program source (Valid for Transfer to Controller). All data will be re-transferred when this option is changed.

% Do not transfer the following. (All items are not transferred.)

- EtherCAT slave backup parameters.
- Slave Terminal Unit operation settings and NX Unit application data.
%' Do not transfer the EtherNet/IP connection settings (i.e., tag data link settings).

[‘J All data will be transferred because the projects in 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

V & EtherCAT

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

Click the DEBUG Mode Button to enter DEBUG mode.

;e f
|47 K’ i

. Start Debugging .




Click the Safety Validation Button.

Safety Validation

Click the OK Button.

LSgiety Validation [Rp— -

Safety CPU Unit will start in RUN mode on next startup

The FSoE communications are now established.

The FS indicator is lit in green.

l FS i Displays FSoE Green | ON FSOE slave connection estabiished ]

communications .
Flashing FSO0E Slave connechon estabiishment in
status. progress

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

— OFF The safety functions are disabled by
FSoE, the power is not supplied, or a
fatal emor including Self-diagnosis Emror
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B Checking Operation of the SS2 and SLS Functions

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

2. Press the safety reset button.

o

3. Double-click Section0 to open the section.

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

Check that the Servomotor rotates at about 600 r/min.

5. Open the guard with the Safety-door Switch.

e

Check that the Servomotor decelerates to a stop.
Check that the 7-segment LED display shows ‘SF.".

5F
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Operate the Safety Key Selector Switch to switch to safety inactive mode.

| ssoDEACTIVE |  RUN

Check that the Servomotor rotates at about 60 r/min.
Check that the 7-segment LED display still shows ‘SF’.

_ |

]|

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

SS2DEACTIVE

Check that the Servomotor decelerates to a stop.
Check that the 7-segment LED display still shows ‘SF.’.

_ 1

!

Close the guard and press the safety reset switch.

Check that the Servomotor rotates at about 600 r/min.
Check that the 7-segment LED display shows ‘oE.’.

L] r

-
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Appendices

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

1. | Import the motor sizing tool results file.

Senulabon  Tools  Window  Help

Event Log Viewer..

EtherCAT Diagnosia/Statistics Information Viewer.,

Backup L

Bxport Global Vanables »
- Comments for Variabiles and Data Types (For switching) *
uis0):Offine.  'mport ST Program...

IEC £1131-10 XML »
Import Motor sizing tool Results
e T Scsder Data

EtherNet/IP Connection Settings

Launch Extemal Application .
Customize Shomout Keys...

Option...

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

2. | Devices were imported successfully.

Output

Import completed. Information [Device name:E_E_Axis0] [Node address: 1] The slave was added.
Check the EtherCAT and motion control settings. e s [Axis name:E :

Information Import of the Motor sizing tool results completed.

Multiview Explorer
'new_Controlier 0 v
AJ Configurations and Setup
W 7B FthedCAT
» () Node] : R88D-1SANO2H-ECT (E_Axis0) : Offline
¥ 5 CPU/Expansion Racks
CPU Rack

Map

4. | Servo Drive parameters have been updated.

Multiview Explorer >0

&
5]
=

5]
> (51300101 | | Machine - Inerts} -

= 300100 Macrene - S3OGISH LOMPEASINON SEsecton u: Usaceed

5. | Axis settings have been created and updated.

+4
HHH

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

Command pulse count per motor rotation IR pulse/rev —- (1)

Command pulse cour ator rotation [UDINT], — .
@ Work e per SR
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I Test Run and Data Trace

Right-click the Servo Drive and select Test Run from the menu.

hJ Configurations and Setup
L rCAT

Connection

Click the Step Tab.
Adjust the motion profile.
Click the Apply Button.

o
eleration Time ms
® pulse
[« ] shaft revobutions
Foreard > Reverse v
Dwell Time <

Click the Servo ON Button to turn ON the Servo.

W Test Run

ual Current Positio 426708262 ol

eiual Current Speed n rpam

Target Speed

Right-click Data Trace Settings and select Add - Data Trace from the menu to
add a new data trace.

Scftware Postion Limet staf

Torque command value =

175



176

Select Cyclic for the trace type.

Trace Type Single
Post-trigger Single

o R

Specify the sampling interval.

Sampling Interval Time v Interyal m- us

Specify the enable trigger condition.

(ETER TR TR 71 S U MR B ETESE Position Command - Motor Velocity (16 bit) (B 0
Tngger 2 = 0

r/min No Filter v

No Filter

Click the Execute Button.

them.

Cydic || Sampiing Interval [Time  |'v | Inte
Data Ratio
0

Device Name | Nai | Units

Velocity Detection - Present [RERATY

Torqus Command - Toraue
Postion Command - Follow

Click the Start Button in the Test Run Window to run the Servomotor.
Traced data will appear cyclically.

Aarm
] ating Range Limit
Operating Range Limt © Do not use @ Use

Forward > Reverse v




I Manual Tuning

B How to Perform Manual Tuning
This section describes how to change machine rigidity parameters for gain adjustment.

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

Status Monit

F Motor and Encoder

Test Run
Damgping Control
Initiakze

Properties

m Data Setting  piract Connection {

» Event Settings

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

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

¥ Quick Parameter Setup and 1/0O Monitor

Quick Parameter Setup and 1/0 Monitor

Setup basic parameters quickly and monitor I/O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Tune based on simple steps. Auto-/Manual tuning based on FFT stability

analysis results. Tune based on setting the machine rigidity.

The Manual Tuning Window is displayed.
It includes machine rigidity settings, gain parameters, and Servo Drive test run.

Configuration
Operation Direction
Joaging

Target Speed

A ation/Deceleration Time

Step Distance [
“ V.[)n\'t \td|u:‘ Command Unit

[ od
Position Command Fifter - IR Filter Cutoff Freq— 5 1 _s’van revolutions
ODF Velocity Feed-forward - Gain El 300
ODF Torque Feed-forward - Gain
TOF n Control - nd Followir
15t Position Control Gain - Proportional Gain
ol Gain - Proportional Gain
15t Velocity Control Gain - Proportional Gain

15t Velocity Control Gain - Integral Gain

Help

Selects whether to enable or disable the IIR filter in the position command filter.

mmand Unit
Actual Current Speed
Servo ON

Transfer to Drive

177



178

In order to check the behavior of the Servomotor, right-click Data Trace Settings
and select Add - Data Trace from the menu to add a new data trace.

it power wiply naot
Sctware Postion Limt st

Torgue command value 5

»

¥ Operating Range Limit

Select Cyclic for the trace type.

Trace Type Single

Post-trigget Single
o R

Adjust the sampling interval.

Sampling Interval Time v Interyal m- us

Adjust the enable trigger condition.

[LEER GG @O TS U MR DEETESE Position Command - Motor Velocity (16 bit) [FSIE 0 r/min No Filter v

Trnigger 2 - ‘ No Filter

Click the Transfer Parameters from Drive after Trace Button to disable uploading
parameters.

-H": y ;-" ST Eg 8 I\ = il'ﬂ 5

QYR Transfer Parameters from Drive After Trace [LjTXtaae Trace Type [Single. | ¥ | Sampling Interval [Time | ¥ | Interval

Post-trigger Data Ratio Enable Trigger Con Post-trigger Data Ratio Enable Trigger Cond

vy nn

Click the Execute Button.

EE

B =

Sysmac Studio is now waiting for the trigger.

(=i Output 4 Build

Waiting for trigger...

Align the Test Run Window and the Data Trace Window horizontally by docking
them.




Configure the motion profile and click the Apply Button.

~Configuration
Operation Direction
Step hd Forward > Reverse v
Target Speed
STl oM
Acceleration/Deceleration Time

50 * R

b

Step Distance

25165824 : Command Unit

3.000 % shaft revolutions

Number of Cycles

Dwell Time

10.

Actual Current Position

-113485803 feslulytile]

Actual Current Speed
[ ok

Servo ON |

Be careful because the Servomotor will move in forward and reverse directions.

11.

Data trace is now triggered, and trace results are displayed.
(i Output 4 Build

Sampling...

Parameters

|¥| oo w|

tion
Help -113485871 eyt
Selects whether to enable or disable the TIR fiter in the por nand filter Acuml Current Spead

I
.

=

Transfer to Drive

Time (ms) Back to Portal

179




180

12.

It is possible to change gain values at once by changing the machine rigidity
settings.

-Machine Rigidity Settingg- —M8MM

~Parameters

|¥]| oo ¥ |

>

& 301104 Position Command Filter - IIR Filter Cutoff Freq--- 55.1
311201 ODF Velocity Feed-forward - Gain 300
311301 ODF Torque Feed-forward - Gain 00
3120.01 TDF Position Control - Command Following Gain 50

B 321301 1st Position Control Gain - Proportional Gain 2

B 321401 2nd Position Control Gain - Proportional Gain

B 322301 1st Velocity Control Gain - Proportional Gain

B 3223.02 1st Velocity Control Gain - Integral Gain

A
Selects whether to enable or disable the IIR filter in the position command filter.

Transfer tc}Dnve

Click the Transfer to Drive Button to transfer the gain parameters to the Servo Drive.

13.

Repeat step 10, 11, and 12 until the desired performance is achieved.

If vibrations occur, reduce the rigidity settings.

If required, it is possible to increase responsiveness by applying notch filters in
Advanced Auto-Tuning and adjusting gains. Refer to the Advanced Auto-Tuning.




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

OMRON Corporation Industrial Automation Company Authorized Distributor:

Kyoto, JAPAN Contact : www.ia.omron.com

Regional Headquarters

OMRON EUROPE B.V. OMRON ELECTRONICS LLC

Wegalaan 67-69, 2132 JD Hoofddorp 2895 Greenspoint Parkway, Suite 200

The Netherlands Hoffman Estates, IL 60169 U.S.A.

Tel: (31) 2356-81-300 Fax: (31) 2356-81-388 Tel: (1) 847-843-7900 Fax: (1) 847-843-7787

OMRON ASIA PACIFIC PTE. LTD. OMRON (CHINA) CO., LTD. ©OMRON Corporation 20202023 All Rights Reserved.
438B Alexandra Road, #08-01/02 Alexandra Room 2211, Bank of China Tower, In the interest of product improvement, )
Technopark, Singapore 119968 200 Yin Cheng Zhong Road, specifications are subject to change without notice.
Tel: (65) 6835-3011 Fax: (65) 6835-3011 PuDong New Area, Shanghai, 200120, China

Tel: (86) 21-6023-0333  Fax: (86) 21-5037-2388 Cat. No. 1859-E1-04 0923 (1220)


010085407
テキストボックス
I859-E1-04

010085407
テキストボックス
0923 (1220)

010085407
テキストボックス
 2020-2023


	Introduction
	Intended Audience
	Applicable Products
	Special Information

	Terms and Conditions Agreement
	Precautions
	Trademarks
	Software Licenses and Copyrights

	Related Manuals
	Revision History
	1. Servo System Configuration and Peripheral Products
	1.1. Outline
	1.2. Servo System Constructed in This Guide
	1.3. System Configuration

	2. Before You Begin
	 Unpacking
	 Installing the Sysmac Studio Standard Edition Version 1.27 or higher

	3. Performing Setup
	3.1. Installation and Wiring
	 Space Conditions around Servo Drives
	 Mounting the Servo Drive
	 Mounting the Servomotor (The order of step 2 and step 3 depends on your mechanical implementation.)
	 Wiring
	 Safety Wiring
	 I/O Wiring

	3.2. System Configuration with Standard and Safety Controllers
	 EtherCAT Node Address Configuration

	3.3. Sysmac Studio Project Creation
	 Creating a Network Configuration
	 Setting an Axis
	 Setting the Network Configuration
	 Setting to Transfer Data from the Standard Controller to the Safety Controller
	 Setting the Safety Controller
	 Creating a Safety Program
	 Checking Operation of the STO Function

	3.4. Motor, ABS Encoder and I/O Setup
	 Quick Parameter Setup and I/O Monitor Wizard

	3.5. Gain tuning
	 Easy Tuning
	 Advanced Auto-Tuning

	3.6. Creating a Motor Control Program
	 Creating a Standard Program
	 Checking Operation


	4. Adding a Safety Function
	4.1. Adding the Safe Brake Control (SBC) Function to the STO Function
	 Changes in System Configuration
	 Changes in Wiring
	 Changes in Drive Parameters
	 Operation of SBC Function Interlocked with Motion Control and STO Function
	  Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SBC Function Interlocked with the STO Function

	4.2. Adding the Safe Stop 1 (SS1) Function
	 Changes in System Configuration
	 Changes in Wiring
	 Changes in Drive Parameters
	 Operation of SBC Function Interlocked with Motion Control and SS1 Function
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SBC Function Interlocked with the SS1 Function

	4.3. Adding the Safe Stop 2 (SS2) Function
	 Operation of SS2 Function with Motion Control
	  Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SS2 Function

	4.4. Adding the Safe Operating Stop (SOS) Function
	 Operation of SOS Function with Motion Control
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SOS Function

	4.5. Adding the Safely-limited Speed (SLS) Function
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SLS Function

	4.6. Adding the Safely-limited Position (SLP) Function
	 Changes in System Configuration
	 Changes in Wiring
	 Operation of SLP Function with Motion Control
	 Procedure for Safety Origin Position Determination
	 Safety Origin Determination Operation
	 SLP Monitoring Operation
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SLP Function
	 Procedure for Recovery from an Excessive Limit Value Error (Er.71.03)

	4.7. Adding the Safe Direction (SDI) Function
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SDI Function

	4.8. Adding Multiple Safety Functions (SS2 + SLS)
	 Setting the Safety Controller
	 Setting the Standard Controller
	 Checking Operation of the SS2 and SLS Functions


	Appendices
	Adding a Servo Drive and Axis from Motor Sizing Tool Results
	Test Run and Data Trace
	Manual Tuning
	 How to Perform Manual Tuning





