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—— NOTE

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

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




Introduction

The AC Servo System 1S-Series Servo Drives with Built-in EtherCAT Communications and
SS1/SLS Safety Sub-Functions Startup Guide (hereinafter, may be referred to as “this Guide”)
describes the installation and setup of 1S-series Servo Drives with Built-in EtherCAT
Communications and SS1/SLS Safety Sub-Functions (hereinafter, may referred to as “1S-51”).
This Guide assumes a system that consists of a combination of a Programmable Multi-axis
Motion Controller CK3M/CK5M CPU Unit, a 1S-series AC Servomotor/Servo Drive with Built-in
SS1/SLS Safety Sub-Functions, an NX-series Safety Control Unit, the Sysmac Studio, and the
Power PMAC IDE. 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 1S-series
AC Servomotor/Servo Drive with Built-in SS1/SLS Safety Sub-Functions.

Note that 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 Programmable Multi-axis Motion Controller CK3M/CK5M CPU Units
. Knowledge of NX-series Safety Units

. Knowledge of AC Servomotors/Drives

. Knowledge of operation procedure of Sysmac Studio and Power PMAC IDE

I Applicable Products

This Guide covers the following products.

. Programmable Multi-axis Motion Controller CK3M/CK5M CPU Unit

. Automation Software Sysmac Studio

. Power PMAC Software Package Power PMAC IDE

. 1S-series Servomotor/Servo Drive with Built-in SS1/SLS Safety Sub-Functions
. 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
information by itself is not sufficient for a complete determination of the suitability of the


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

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

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE
OR PROPERTY 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
materials, 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 a registered trademark or trademark of Microsoft Corporation in the USA
and other countries.

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

- Safety over EtherCAT® is a registered trademark and a 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 Sysmac Studio incorporates certain third party software. For the license and copyright
information associated with this software, please refer to NJ/NX/NY series/Sysmac Studio:

Third Party License List & Source code Download: Tools: OMRON (omron.co.jp).



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

Related Manuals

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

Manual name Cat. No. Model Application Description
1S-series AC 1696 R88D-1SI-ECT-51 |Learning detailed Describes how to install
Servomotors/Servo R88M-1[1 specifications of a 1S- |and wire the Servo
Drives with Built-in series Servo Drive with | Drive, set parameters
EtherCAT Built-in SS1/SLS needed to operate the
Communications Safety Sub-Functions. |Servo Drive, and
and SS1/SLS remedies to be taken
Safety Sub- and inspection
Functions User's methods to be used in
Manual case that problem

occur.
Sysmac Studio W504 SYSMAC-SE2010J[] |Learning about the Describes the
Version 1 Operation operating procedures |operating procedures
Manual and functions of the of the Sysmac Studio.
Sysmac Studio.
Sysmac Studio 1589 SYSMAC-SE2[11 |Learning how to set up | Describes the
Drive Functions and adjust the Servo  |operating procedures
Operation Manual Drives. of the Sysmac Studio.
NX series W519 NX-ECC201 Learning how to use Describes the
EtherCAT Coupler NX-ECC202 the EtherCAT® Coupler | hardware, setup
Unit User's Manual NX-ECC203 Units. methods and functions
of the EtherCAT®
Coupler Units.
NX Series Digital W521 NX-1IDOOOO Learning how to use Describes the
I/0 Units User's NX-1IACOOO the NX-series Digital |hardware, setup
Manual NX-OCcOOO I/0O Units. methods and functions
NX-ODOOOO of the NX-series Digital
NX-MDOOOO I/O Units.
NX Series System |[W523 NX-PD10O10OO Learning how to use Describes the
Units User's NX-PFOOIOIOI the NX-series System |hardware, setup
Manual NX-PCOOIII Units. methods and functions
NX-TBX01 of the NX-series
System Units.
NX-series Safety Z930 NX-SLOOIOO Learning how to use Describes the
Control Units NX-SI000O0 the NX-series Safety | hardware, setup
User’s Manual NX-SoUOOO Control Units. methods and functions
of the NX-series Safety
Control Units.
Programmable 0036 CK5M-CPU1M Learning how to use | Describes the

Multi-Axis
Controller User's
Manual (Hardware)

CK3M-CPU11
CK3W-PD048
CK3W-AX13130L1/-
AX14140/-
AX151501/-AX2323(]
CK3W-MD71010
CK3W-ADLI100
CK3W-ECS300
CK3W-GCLII00
CK3W-EXMO01/-
EXS02
CK5W-EXS01

the CK3M/CK5M-
series Programmable
Multi-axis Motion
Controllers.

hardware, setup
methods and functions
of the CK3M/CK5M-
series Programmable
Multi-axis Motion
Controller.

Power PMAC IDE
Software User
Manual

Power PMAC IDE

Learning how to use
the Power PMAC IDE.

Describes the
operating procedures
of the Power PMAC
IDE




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. | 1929-E1-01

Revision code

Revision code Date Revised content

01 February 2025 Original production
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1. Servo System Configuration and Peripheral
Products

| 1.1. Outline

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

When you use the 1S-series Servo Drive with a Machine Automation Controller NJ-series CPU Unit or a
Programmable Multi-axis Motion Controller CK3M/CK5M CPU Unit, you can construct a high-speed and
so sophisticated position 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 with Built-in EtherCAT® Communications and SS1/SLS Safety Sub-Functions
support the FSoE (Safety over EtherCAT) protocol as a safety communications feature. You can build a
safety system that uses the STO, SS1, and SLS functions from NX-series Safety Control Units on an
EtherCAT network.

@ Additional Information

For further details on the 1S-series Servo Drives with Built-in EtherCAT® Communications
and SS1/SLS Safety Sub-Functions, refer to the 1S-series AC Servomotors/Servo Drives
with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's
Manual (Cat. No. 1696).

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
\/
System Configuration with NX-series Safety Control Units
v
Setup of NX-series Safety Control Units
\/
Setup of the Motion Controller CK5M
v
Setup of the Servo Drive
m Operation Check of the STO Function
v

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

@ Additional Information

For information on how to set up the motion controller, refer to the Programmable Multi-
Axis Controller User's Manual (Hardware) (Cat. No. O036).

13



I 1.3. System Configuration

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

® Standard System Configuration

Error clear button
Safety Key Selector Switch
Programmable Multi-axis

Motion Controller
CK5M CPU Unit

Safety-door Switch

Emergency Stop
'. _ Pushbutton Switch

_V

Safety reset button

AC Servo Drive
AC Servomotor

EtherCAT Coupler

Additional I/O Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Digital Input Unit

® Configuration Devices
The models of the devices that are described in this Guide are given in the following table. When
selecting devices for an actual application, refer to the device manuals.

Device name Model Manual name
Programmable Multi-axis Motion CK5M Programmable Multi-axis Motion
Controller CK5M CPU Unit Controller Hardware User’s Manual
(Standard controller)

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

Additional I/O Power Supply Unit NX-PFO[] NX Series System Units User’s
Manual (Cat. No. W523)

Digital Input Unit NX-ID[] NX Series Digital /0 Units User’s
Manual (Cat. No. W521)

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

(Safety controller) Manual

NX-series Safety Input Unit NX-SIDI] (Z2930)

14



Device name

Model

Manual name

Ethernet/EtherCAT
Communications Cable

XS5W-T[]

AC Servo Drive

AC Servomotor

Power Cable

Encoder Cable

R88D-1SN[]-51 1S-series AC Servomotors/Servo

R88M-1]] Drives with Built-in EtherCAT
R88A-CA]] Communications and SS1/SLS Safety
R88A-CR][] Sub-Functions User's Manual

(Cat. No. 1696)

Error clear button A3[] —
Safety Key Selector Switch A22TK]] -—-
Safety-door Switch D4NSJ] —

Emergency Stop Pushbutton Switch | A22]] -

® Automation Software

Product

Number of licenses

Model

Sysmac Studio Standard Edition
Version 1.59.0.0

None (DVD only)

SYSMAC-SE200D

From 1 license to site license

SYSMAC-SE[]

Power PMAC IDE
Version 4.6.4 or later

@ Additional Information

This Startup Guide is written on the assumption that you will use the safety functions. If

you do not use the safety functions, refer to sections 5 and 6 of the Programmable
Multi-Axis Controller Startup Guide for 1S-series Servo Drive (IDEv4) (Cat. No. O039).

15




2. Before You Begin

16

H Unpacking

1.

Unpack the motor package. The package includes only one Servomotor and the
instruction sheet. Cables are provided separately.

Unpack the drive package.

The Servo Drive comes with the following accessories.

+ INSTRUCTION MANUAL % 1 copy

* INSTRUCTION MANUAL supplement x 1 copy

* Warning label x 1 sheet

* General Compliance Information and instructions for EU x 1 copy
« Attached connector

@ Additional Information

For further details on how to handle the Servo Drive and Servomotor, refer to the ltems
to Check After Unpacking in the 1S-series AC Servomotors/Servo Drives with Built-in
EtherCAT Communications and SS1/SLS Safety Sub-Functions User’s Manual (Cat.
No. 1696).




H Installing the Sysmac Studio Standard Edition Version 1.59

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

Sysmac stUdiO Version 1.0

Coppright OMRON corporation 2010 Al ights Reserved.
vs.

M Installing Power PMAC IDE Version 4.6.4 or Later
Refer to the Power PMAC IDE Software User Manual (V4) for the download procedure.
Note: The setup procedures described in this Startup Guide are available only when the

language setting of the Power PMAC IDE is English. After installing the Power PMAC IDE,
change the language setting to English.

17



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 Safety

Functions 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

" 4

2. Key Selector Switch
3. Safety-door Switch

Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
Normal operating | Set the Servomotor to normal velocity.
2. Safety Key Selector
. mode
Switch . . :
SS1/SLS safety Activate assigned safety function.

* Used in section 4 and later.

function active

* The assignment procedure is described in section 4.

3. Safety-door Switch Open Enable STO command
Close Disable STO command
4. Emergency Stop ON Enable STO command
Pushbutton Switch OFF Disable STO command
5. Safety reset button ON Enable reset STO status command
OFF Disable reset STO status command

18




B Operation of STO Function with Motion Control

1.
2.

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
1,200 r/min.

Velocity

+1200[r/min]

0
Servo ON/OFE  Servo OFF | Servo ON | servo OFF
Operation Command PCMD:OFF : I PCMD:OFF
@Standard Controller 4, PCMD:ON :
STO Command(Status .
@Safety C(PU Uni{ Reset STO | Activate STO
STO Command(Status) Normal status | STO status
@$Servo Drive

19



I 3.1. Installation and Wiring

20

This section describes the installation and wiring of the AC Servo Drive, using the R88D-
1SNO1L-ECT-51 as an example.
For models for which the installation and wiring procedures differ from those for the R88D-
1SNO1L-ECT-51, refer to the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT
Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. 1696).

H Space Conditions around Servo Drives

Front view

® Single-unit Installation

Install the Servo Drive according to the following instructions.

@ Side-by-side Installation

Side view Front view

Side view

Dimension Distance

T 100mm min.

B 100mm min.

S1 40mm min.

S2 10 mm min. *1
R88D-1SNO1L-ECT-51 / R88D-1SNO2L-ECT-51/
R88D-1SN04L-ECT-51 / R88D-1SNO1H-ECT-51/ 45mm min
R88D-1SN02H-ECT-51 / R88D-1SN04H-ECT-51/ )

C1 R88D-1SN08H-ECT-51 / R88D-1SN10H-ECT-51
R88D-1SN15H-ECT-51 / R88D-1SN20H-ECT-51/
R88D-1SN30H-ECT-51 / R88D-1SNO6F-ECT-51/ 60mm min
R88D-1SN10F-ECT-51 / R88D-1SN15F-ECT-51/ )
R88D-1SN20F-ECT-51 / R88D-1SN30F-ECT-51

C2 50mm min.

C3 70mm min.

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.

*1. If S2 must be less than 10 mm, keep the operating ambient temperature of the Servo
Drive within 0 to 45°C.

» 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




H 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.

fl

2.

l Gravity direction
Bottom of Servo Drive
3. | Tighten the screw at the lower part.
/ ; J Gravity direction
L
[
Bottom of Servo Drive

21



Hl Mounting the Servomotor (The order of steps 2 and 3 may be reversed depending on how
the motor is mounted on your machine)

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

r B

2. | Fix and connect the Servomotor to the mechanical system.

First, check motor operation without any load.

3. | Connect the power cable and the encoder cable.

Example: Tighten screws in the order of 1, 4, 3, and 2.

@ Additional Information

For further details on how to connect the cables, refer to 4-1 Installation Conditions in
the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications
and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. 1696).




H Wiring

1.

Overview

B Wiring Diagram

Protection

Element

Noise Filter I
1 I Encoder 1 Encoder I

Servo Drive Servomotor

L1

L2 T

L3 v
1 -

.*.

@

& @

Remove the main circuit connector (CNA) from the Servo Drive.

FG terminal

ain circuit connector (CNA)

— Status indicators

Wire the 24 V control power supply.

CNA

L1 L2 13 B3 B2 P/B1 N1 N2 N3+24V|¢

%\+24V
9 oV

T

oooo0oooooogao
OCO0O0O0O0O0OO0O0OO0O0

| I

Connect wires with the spring opener.

Spring opener

Spring opener
l -

Wire the main circuit power supply.

1

CNA

13 B3 B2 P/B1 N1 N2 N3+24V @

0 B I
OQO0O00O00O000O

o S

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

Brake interlock
connector (CN12)

fServomotor connector
(GNC)

ST connector (CN2
| (CN2)

—— FG terminal

23
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6. Connect the power line to the phase U, V, and W of the Servomotor.

Pin No.

Bterminal

7-segment LED display —_|

\Dswnd\es—{
Status indicators ——+[ | 5= {7 :fg N
8. Plug back the above connectors to the Servo Drive. (Power and motor)
9. Screw the FG wire of the motor cable to the Servo Drive.

Control /O || {
safety connector (CN1)

FG terminal —

10. Plug the encoder cable into the Servo Drive. (CN2)

N 4

[k
Brake interiock \\ ™

connactor (CN12)

& Encoder connector (CN2)

Servomotor connector
(GNG)

— FG terminal

@ Additional Information

For further details on how to make the wiring, refer to 4-2 Wiring in the 1S-series AC
Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety
Sub-Functions User's Manual (Cat. No. 1696).




H 1/O and Safety Wiring

1 | By default, STO is disabled and bypassed with jumpers.
1:EDM+P EDM- 21
2:EDM+ SFA 122
3:SF1+ SF1+ 123 J
[ 4:5F1- SF1. :24
5:5F2+ SF2+ 125 ]
7:SFB NC 27
: READY 2:0UT1+ ouTL 0 Default allocation
R-OUTL 10: OUT2+ ‘ ouT2- :30
I o [on 2]
I ESTP 12:IN1 IN2 32 POT
= NOT 13:IN3 IN4 33 DEC
I MON1 14:IN5 INE 34 MON2
l EXT1 15:IN7 IN8 :35 || EXT2
= 16:GND COMMON  :36
17: A+ A- :37
} 18:B+ B- 138
l 19:7+ Z 139
20:FG FG 40
2 | When using STO, make the wiring between the safety controller and the Servo Drive as

shown below.

Safety
Safety output
Controller (source) .
GOSP Series Safety Servo Drive e ‘
output 1 SF1+ 0 | i i
. ! 1 |
Safety input & i > i E E { !
Safet SF1 - ! ! \ |
y —— I . ‘
output 2 SF2 + e : i "—F@
| |
&
SF2- | | | |
___________ 1 !
Test l ov P !
output EDM + P
Safety EDM + N i
input EDM - | *{ i
T 1
EDM EDM b
input output

Wire SF1 and SF2 to different safety outputs.

Safety
Controller

Servo Drive

Safety Input
EDM input
| Test output 1: EDM+P EDM- =21 —|
2: EDM+ SFA 122
| Safety output 1 3:SF1+ SF1+ 123
4:SF1- SF1- 124
| Safety output 2 5:SF2+ SF2+ 125
6: SF2- SF2- 126
7:SFB NC 27
8: JERR+ ERR- 128 ov
9: OUT1+ ouT1- 129
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When using hard-wired STO for multiple Servo Drives, make the wiring between the safety
controller and the Servo Drives as shown below.

Safety

Controller Safety output

(source)
) Safety output 1

G9SP Series

SF1 +

Servo Drive

Safety output 2

SF1 -

SF2 +

Test output

EDM +P

o J O

[

Safety input

EDM input

EDM

S

output

SF1+

SF1-

SF2+

SF2-

EDM +P ||
EDM +

EDM -

ﬁ, I
EDM
vyov output

Safety Input
EDM input

Servo Drive 1

Servo Drive 2

TS |
Safety m 1: EDM+P EDM- 21 _I_ 1:EDM-P EDM- 21
Controller 2:EDM+ SFA 22 2:EDM=+ SFA 22
Safety output 1 3:5F1+ SF1+ 23 3:5F1+ SF1+ 23
4:SF1- SF1- 24 4:5F1- SF1- 24
Safaty output 2 5:5F2+ SF2+ 25 5:5F2+ jt SF2+ 25
6:5F2- SF2- 26 6:5F2- [ SF2- 26
7:5FB. NC 27 7:5FB M NC 27
8: /ERR+ ERR- 28 8: /ERR+ 100 ERR- 28 ov
9:0UTL+ ouTL- 29 9:0UT1+ T ( ouTL- 29

Note: When using a 69SP-series Safety Controller, you can connect up to four 1S-series Servo Drives.




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

I Control I/O Signal Connections and External Signal Processing

External power 12 to 24 VDCICOMMON
supply T

LR
12VDC5% to | General input 1 IN1 |

24VDC15%

Maximum service
General input 3 IN3

neral input 6 ING
| General input & ING

" Encoder puises | cutput
B. Phase B output | EIARSAZ2A

compliant

Lz
Encoder puises
| 2. Phase Z output

| General input & I8

%\D} o
A" Encoder puises
Eﬂ . Phase A ouput
N Line Drive
EJ—‘ I

External power

ly  eeeee
ey EDM+ P Maximum service
24VDCs5% | With short-circuit. voltage: 30 VDG
_ } pratection Maximum output
| > EDM+ current: 50 MADC
| ! _ Without Leakage current
} 1 shortcircuit 1 mAor less
| s protection Residual voltage
| 3Vorless
External power ! - oM
e )
50 | |
24VDC25% | SFa+
| FG
' SF2- i Frame ground
SF2- EJ

1: EDM+P EDM- 21

2: EDM+ SFA 22

3: SF1+ SF1+ :23 j

[ 4: SF1- SF1 24
5: SF2+ SF2+ :25 ]
6: SF2- SF2 26
E 7: SFB NC 27

8: /ERR+ ERR- 28
‘ READY 9: OUT1+ ouT1- 29
‘ R-OUTL 10: OUT2+ ‘ ouT2- 30
R-OUT2 11: QUT3+ ouTs- 31
ESTP 12: IN1 IN2 :32 || POT
NOT 13: IN3 N4 :33 || DEC
MON1 14: INS IN6 :34 || MON2
EXT1 15: IN7 IN8 :35 || EXT2

16: GND COMMON 136

17: A+ ) A :37 I

18: B+ B- :38

19: 7+ z :39

20: F6 G :40

@ Additional Information

For further details on how to make the wiring, refer to 8-2 Safe Torque OFF (STO)
Function in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT
Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. 1696).
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I 3.2. System Configuration with NX-series Safety Control Units

H EtherCAT Node Address Configuration

1. | Use the ID switches to set the EtherCAT node address of the Servo Drive. (Example:
Set to node 1)

Rotary switches for
node address setting

2. | When using the NX-series Safety Control Unit, set the node address of the coupler.
(Example: Set to node 2)

3. Connect an EtherCAT communications cable to the device.

pi

ECAT IN CN10: EtherCAT cable from CK5M CPU Unit
CN11 EtherCAT OUT: EtherCAT cable to coupler unit

EtherCAT Master

NX coupler unit

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

>
=

1S-series Servo Drives

@ Additional Information
For further details on the safety controller, refer to the NX-series Safety Control Unit
User's Manual (Cat. No. Z930).
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I 3.3. Setup of NX-series Safety Control Units

Set up the NX-series Safety Control Units using the Sysmac Studio.
To do so, connect the computer via USB to the coupler unit in the system configuration described in
3.2 System Configuration with NX-series Safety Control Units, as shown below.

3.3.1.

NX Coupler Unit

Creating a Network Configuration

Select the NJ501-1500 Controller from Select Device.

E Project Properties

Project name New Project

@ Open Project
/o ! Author 010220031

& Import...
Comment
Online
4 Connect to Device Type Standard Project
Version Control
A, Version Control Explorer ‘Eﬁ Select Device
License Category Controller

B4 License Eeie
Version

Note: Create a project using the default settings for Device and Version, as these
settings do not affect the configuration being created.

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

new_Controlier.0 v

@)
(@]
o
(0]
(0]
(]
L
(0]
(0]
(0]
a
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Drag a Servo Drive from the Toolbox to the Master in the EtherCAT Tab Page.

Node Address|Network

[T e T
[oevcename = =S
Master
Master
o

O Frequency Inverter
2 Digial 10

S Analog 10

S Encoder nput
EdSetings' | 2 Measurement Sensor
I Vision Sensor

Setting

Reference Clock Not exist

Total Cable Length 000

Fail-soft Operation Setting E )| |5 lunction Stave
30

Wit Time for Slave Startup
PDO communications timeout detection count oL

Revision Check Method Setting M Show all
Serial Number Check Method [ o s e

RB5D-1SNOILECT-51 Rev2.0.
R850-15N01LLECT-51 100v/100)

[P0 KL aTRev2

[ resowrLecTLRett

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

Node Address|Network configura
= Master
Master

|II R88D-1SNO1L-ECT-51 Rewi2.0

Select the Servo Drive and click the Edit PDO Map Settings Button.
Note: Make sure to go offline before editing PDO mappings.

RBED-TSNOIL-ECT-51 Rev20

Select the 17th safety 1/O.
Note: PDOs for safety 1/O are assigned by default.

PDO entries included in 512th transmit PDO Mapping

Process Data Si

No option -

15t receive PDO Mapping  Editable
258th receive PDO Mapping

259th receive PDO Mapping

260th receive PDO Mapping

261th receive PDO Mapping

262th receive PDO Mapping

(XeX X X X J

No oatio

17th receive PDO Mapping

No option

15t transmit PDO Mapping  Editable
258th transmit PDO Mapping
259th transmit PDO Mapping
260th transmit PDO Mapping
261th transmit PDO Mapping -
No ootion

17th transmit PDO Mapping

No option

289th transmit PDO Mapping

[
[ )
e
o
[
&
(<)
®
(<)

No option

| & [input [ 512th transmit DO Mapping [ | |




Then, drag an EtherCAT coupler from the Toolbox to the Master in the EtherCAT Tab
Page.

tnaie/Uisavie
R88D-1SNOTL-ECT-51 Rewi2 0 Serial Number

e e B A

The EtherCAT couple with a node address of 2 is added under the Master.

= “ Master
Master
EQO1
R83D-15NO1L-ECT-51 Rew:2.0

NX-ECC203 Revild

Double-click Node1: NX-ECC203.

Multiview Explorer ~ 0
ey il |
inew_Contrnller_O v ‘ l ‘

A4 Configurations and Setup
£ erCAT
Node1 : RB8D-1Sh

¥ % Motion Control Setup
¥ & Ax

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 I/O Power Supply Unit.

H Serial Interface Unit
I RFID Device

Ii‘ System Unit Device

I Safety CPU Device

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

Input Keyword

H Show all version:

Multiview Explorer I ﬂ NX-PC0010 Ver:1.0

new_Contraller 0 v ﬂ NX-PCO020 Ver:1.0

LA Configurations and Setup ﬂ NX-PCOD30 Ver:1.0

W 5 EtherCAT

ﬂ NX-PD1000 Ver:1.0

MNX-PFO630 Ver1.0
Additional |0 Power Supply

ﬂ MNX-PFOT30 Ver:1.0

NX-TBXO1 Ver1.0
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Drag an NX-series 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-SL3500 Safety CPU Unit.

Toolbox

H Serial Interface Unit
H RFID Device

H System Unit Device
SE— ﬁ_m CPU Device
ultiview Explorer ~ 1 . Mode? : NX-ECC203 (E001) X I Safety Digital Input Device

‘ l ‘ 2 I Safety Digital Output Device
H 10-Link

b4 Configurations and Setup
Input Keyword

M Show all versions
I] NX-SL3300 Ver1.1

10.

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

I Serial Interface Unit
H RFID Device
H System Unit Device

0 Saf PU Device
Multiview Explorer [1] Safety Digital Input Device

I Safety Digital Output Device

new_Controller 0 v H 10-Link

Input Keyword

M Show all version

L - Unit1:
Linit

11.

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-ID5342 Digital Input Unit.

Toolbox ~

roup

All groups
H Digital Input Time Stamp De
F Digital Mix Device
H Digital Cutput Device
H Digital Cutput Time Stamp [
H Analog Input Device
A &nalon Outrart Nevice

nput Keyword

M Show all versions
I] NX-IA3117 Ver1.0

- . NX-ID3317 Ver:1.0
Multiview Explorer I]
I] NX-ID3343 Ver1.0

new _Controller 0 v I] NX-ID3417 Ver:1.0

I] NX-ID3443 Ver:1.0

NX-ID4342 Ver1.0
I] NX-1D4442 Ver:1.0
NX-ID5142-1 Ver:1.0

I] NX-IDS142-5 Ver:1.0

[ e

=

Additional Information

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

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




3.3.2. Setting to Transfer Data from the Standard Controller to the Safety
Controller

1. | Select new_SafetyCPUO from the list.

new_Conlmller_D- v

new Controller 0

Unit 1:

L | Unit2:NX:

2. | Double-click Exposed Variables.

Multivi ~q

new_SafetyCPUQ v

A Configurations and Setup

v ications

3. | Add the ErrorClearFrom

Multiview Explorer -0

NX BOOL variable to Input (Input to the Safety CPU Unit).

3

T new SafetyCPUO 7 |'» output (Qutput from Safety CPU Unit)

- ¥ Input {Input to Safety CPU Unit)
A Configurations and Setu

Data Type
v 5

4. | Select new_Controller_0 from the list.

Mubtiview Explorer i1t i w B

5. | Open the I/O Map and create device variables.

Port Variable name
ErrorClearFromNX ErrorClearToSafetyCPU
Input Bit 00 ErrorClearSW

e e [ I | Position Port ~ Description | RAW | Data Type Variable Variable Comment Variable Type
iy Confrofler | ¥ & EtherCAT Network Corfiguration

A Configurations and Setup >R ECT-51

X ror Status: Sysmac error status on Slav R BYTE
egistration Status 63 Status whether the NX Unit R ARRAY[0.63]
Data Active Status 63 Status whether the NX Unit R ARRAY[0.63]
> NX-PFO630
¥ NX-S13500

» Safety CPU Status Status of Safety CPUUNitk R UINT
EmorClearfromNX W BOOL rrorClearToSafetyCPU Global Variables

P NX-SIDB0O

Input bit (16 bits)
Input Bit 00 Input Bit 00 R Global Variables
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3.3.3. Setting the Safety Controller
This section describes how to set safety input devices and create a safety program to release
STO.

1. | Select new_SafetyCPUO from the list.

Multiview Explorer o » 3 [l ]

new_Controller 0 v | I

new Controller 0 m

W ou FTAPIL L

» (& Nodel:R88D-1SNO1

Multiview Explorer
[~ new_safetycpuo v

Ad Configurations and Setup

munications

[Search>

W Input Device: Safety Switch

ch for Dual Chat

‘Safety-door Switch for Dual Channel Equivalent| | NXBusMaster/Unit2 ;: NX-SIDE00 (N2 : Instancel)

e Si0o l] Safety-door Switch for Dual Channel
- Si01
<] 10 l] Safety-door Switch for Single Chann:
js] T1

W sioz Safe h for Dual Channel
P sioz
| S witch for Dual Channel
P sios
P sios Safety Limit Switch for Single Channs
W sior

wo-hand Switches.

afety Key Selector Switch for Dual C}

ty Key Selector Switch for Dual ]

4. Drag two safety key selector switches for single channel to the desired I/O terminals.
Note: You will use them in section 4 and later.

<Search>

¥ Input Device: Safety Switch

H Emergency Stop Switch for Dual Channel Equivalent

H Emergency Stop Switch for Single Channel

Safety-door Switch for Dual Channal Equivalent) | NXBusMaster/Unit3 : NX-SID80D (N3 : Instancal) l] SR S (T R T i T
2 Sioo l] Safety-door Switch for Dual Channel Complementary
—J_,j,— sio1
To l] Safety-door Switch for Single Channel
m
safety Key Selecter switch for single Channel - Safety Limit Switch for Dual Channel Equivalent
Si02
R T Si00-Si01 g Safety Limit Switch for Dual Channel Complementary
safety Key Selector Switch for Single Channel TO T BT e
; [ —— 5i03 LN ) E T Gt
T = a
Sil 3
Son Safety Key Selector Switch for Dual Channel Equivalent

Si05 0T
Si06 . ‘ Safety Key Selector Switch for Dual Channel Complement)

sio7 Si04: 5i05
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Drag an emergency stop pushbutton switch to the desired 1/0 terminal.

¥ Input Device: Safety Switch

B ees

top Switch for Single Channel

Safety-door Switch for Dual Channel Equivalent

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

l] Safety-door Switch for Dual Channel Equivalent

[0 s-soor i o Dus harne comptemerary

Si00

rE;;

sio1
[ <q 10
T

%

Emergency Stop Switch for Dual Channel Equivalent

Safety Key Selector Switch for Single Channel
- — B si0z
T
Safety Key Selector Switch for Single Channel
- — P sios
m

sio4

sios

==

T

%

T
» sios

A s-soor i s chamer
Safety Limit Switch for Dual Char ivalent

Safety Key SelctorSitch for Dusl Char
Safety Key Selector Switch for Dual Char
Satety Key Selector Suitch fo Single Channe
| | B

Input Device: Safety Switch
Input Device: Safety Sensor

ecialty Device

Saety-Goor Switch for Dual Channel Equivalent

t

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

5i00

siot

] 10
hal

Safety Key Selector Switch for Single Channel

si0z

T

P

safety Key Selector Switch for Single Channel

’ — si0z
L] T1

Emergency Stop Switch for Dual Channel Equivalend

sios

5i05
T

hal

5i06
T

sio7

Reset Switch without Test Pulse

» Input Device: Generic Device
¥ Output Devic ith forcibly Guided Contact

P Output Device: Generic Device
Si00:

Multiview Explorer

|- new_SafetycPuo v

hd Configurations and Setup
.

Communications

& /O Map

Create device variables for the safety input devices.

Port

Variable name

Si00 Logical Value

S|_DoorSwitch

Si02 Logical Value

S|_KeySelectorSwitch1

Si03 Logical Value

Sl1_KeySelectorSwitch2

Si04 Logical Value

S|_E_Stop

Si06 Logical Value

SI_ResetSignal

Position Port
¥ & EtherCAT Network
EtherCAT | Master
Nodel >
Node2/Ur  w  NX-SID800
¥ Safety Inputs
$i00 Logical Value
Si01 Logical Value
$i02 Logical Value
5i03 Logical Value
Si04 Logical Value
$i05 Logical Value
$i06 Logical Value

R/W | Data Type |

R88D-1SNO1L-ECT-51

L1223 Tolo| IIS| DoorSwitch

Variable le Comment Variable Iy;

Global Variables

SAFEBOOL

SAFEBOOL

Global Vanables

|_KeySelectorSwitch

SAFEBOOL

sareooL IR

[Global Variables

I_KeySelectorSwitch2

slobal Vanables

SAFEBOOL

I_ResetSignal Global Variables

SAFEBOOL _
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9. | Double-click SRA Parameters.
-
10. | Deactivate safety functions except for the STO function.

Clear the Active Check Box for SS1 instance1 to deactivate the unused safety
function.

-

Safety Functions Command

3

Not Assigned




3.3.4.

Creating a Safety Program

M 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 I/O Map.

Multiview Explorer ~

new_SafetyCPUD v D
v

Create device variables by right-clicking the port to set and clicking Create Device
Variable from the menu.

| RAW | Data Type | Variable |

Mapped Variable List

Port Variable name
Safety Connection Status for NX-SID800 N3_Safety_Connection_Status
STO Active for R88D-1SNO1L-ECT-51 E001_STO_Active
Error for R88D-1SNO1L-ECT-51 E001_Error

Safety Connection Status for R88D- | EO01_Safety Connection_Status
1SNO1L-ECT-51

STO for R88D-1SNO1L-ECT-51 E001_STO

Error Ack for R88D-1SNO1L-ECT-51 EO001_Error_Ack

w ' NX-SID800
p Safety Inputs
¥ Status

Safety Connection Status R TSl lN3_Safety_Connection_Status

Safety Input Terminal Status R SAFEBOOL

0 A 2 NZ3: e e MECDT_STO_Active [Global Variables
Tele]MEMFO0T_Error [Global Variables
d Bit 08 AFEECO
d Bit 09 AFEBOO
d B 0 AFEBOO
BOO
BOO
BOO
BOO
1o e/ MEC01_Safety_Connection_Status [Global Variables
0 AFEBOO EQD1_STO Global Variables
BOO
BOO EQ01_Error_Ack Global Variables
D BOO
D BOO
0 BOO
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2. Create a safety program using the Automatic Programming function.

1. | Click Automatic Programming from the Insert Menu.

Controller

Application Manager

Safety Network Controller #
Drive

HMI

Measurement Sensor

Vision Sensor

Slave Terminal

Program

Function Block

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

¥ Basic Settings

EETESUE N S|_ResetSignal =

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

¥ Input Settings

; Comment | ResetType | Function Bilock Name
2 I'sLDoo.-Swinch I | Manual SF_GuardMonitoring | H
4. | Set E001_STO in the Output Settings Field.

Set the Use EDM Column to TRUE.

¥ Qutput Settings
| Vanable | Comment I UseEDM |

Ne.
N S I T

5. | Setthe EOQ01_STO Column to Ofor the SI_E-Stop and SI_DoorSwitch variables in the
Expected Value Settings Field.

¥ Expected Value Settings

No. | Variable | Comment | Reset Type | EO01_STO |
1 SLE Stop Manual

2 51_DoorSwitch Manual _

6. | Click the Generate Button to create a safety program.

Generate Register Variables

AutoProgram1 is created.

Multriew Explorer

new_SafetyCPUD v

g rooermine |

¥ i POUs

L i5 AutoProgram]

L 55 Frogramuy




3. Modify the created safety program.

1.

Double-click AutoProgram1.

Multiview Explorer

new_SafetyCPUO v |

g Fogormine |

¥ @ POUs

AutoProgram1

i Frogramu

The program shown below appears.

1]

0C_ResetSignal 0

5I_ResetSignal

t$#350ms ‘ResetPulse'ﬁ‘iﬂth

OC_ResetSignal

TRUE

SI_E_Stop

FALSE

FALSE

TRUE

SI_DoorSwitch

SI_DoorSwitch

t#ls

FALSE

FALSE

TRUE

ED0L_STO_In

SF_EDM_0_§_EDM1

SF_EDM_0_S_EDNZ

t#300ns

TRUE

3F_EDM_0_Reset

SI_ResetSignal_Out —Reset

SF_EmergencyStop_0

‘ SE_EmergencyStop
Activate Ready -
5_EStopIn 5_EStopOut
‘S_Startlleaat Error -
S_AutoReset DiagCode —

SF_GuardMonitoring 0

Reset ResetSignal_Qut —— SI_ResecSignal Ouc

SI_E_Stop_Ouc

SF_GuardMonitoring

Activate Ready
S_GuardSwitchl S_GuardMonitoring
S_GuardSwitch2 Error
DiscrepancyTine DiagCode

S StartReset

5_RutoReset

SI_ResetSignal Cut —]Reset

- SI_DoorSwitch_Out

$I_E_Stop_Out ‘ & E00L_STO_In

3I_Dooriwitch_Out

SF_EDM_O

| SF_EDM

Aotiwvate Ready —
‘S_Uutcontrol 5_EDM Out
‘SiEDMl Error —
5_EDMz DiagCode —

MonitoringTime

§_4tartReset

Reset

EO0DL1_STO
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Create the code to assign ErrorClearFromNX to the ResetSignalFromNX local
variable.

z

ErrorClearFromily ResetiignalFronlly

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

kel

HOT RHD

EO01_Error EODL_Safety Connection_Status ‘ & EDDLl_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.

£

5F_GuardMonitoring 0O

| SF_GuardMonitoring

N3_Safety_EnnnEctinn_Status| Activate Ready — SI_DoorSwitch_Out

3I_Dooriwitch

SI Doordwitch

t#ls

FALSE

F4L3sE

3I_Resetfignal_0ut —

4_Guardiwitchl

4_Guardiwitcha

DiscrepancyTime

5_StartReszet

5_AutoReset

Reset

43_GuardMonitoring

Error

DiagCode

Change the output variable from E001_STO _Into E001_STO_In1.

&

AND
$I_E_Stop Out ‘ & E00L_STO_Inl

5I_Dooriwitch_Out

Create the following code.
The STO command is enabled by the emergency stop input or a safety-door switch,
and sometimes by the SS1 command or another device such as a robot. When the

other device enables the STO command, assign the STO signal from the other

device to TRUE.

7
AHD
E00L_STO_Inl ‘ &
TRUE

E00L_STO_In_ALL




Set the input parameter to the Activate input variable to E001_Status, the input
parameter to the S_OutControl to E001_STO_In_ALL, the input parameter to the
Reset to SI_ResetSignal_Out, and the input parameters to both S_ EDM1 and

S EDM2 to E0O01_STO_Active in the SF_EDM function block.

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

block is enabled.

a8

5F_EDM_0

E001_3Status Actiwate

E00L_STO_Tn ALL S_OutControl

E00L_STO_dctive | 5 EDNL

EO00L_STO_hctiwe | 5_EDN2

£#300ns MonitoringTime

TRUE %_StartReset

I 5I_FResetSignal_ Out —Reset I

‘ SE_EDM

Ready

$_EDM_Out

Error

DiagCode

— E001_STO

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

a

OC_&4F_ResetdafetyError_0

E00L_Safety Connection_Status

Reset3ignalFronlly

t#350ns

0C_SF _ResetSafetyError

Activate

Rezet

RezetPulsellidth

Ready — E00Ll_Error_ick

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

1]

0C_ResetSignal 0

t4350ns

$I_ResetSignal —|Reset

ResetPulsellidth

0C_ResetSignal

z I PUPRIVI SO EES

ErrorClearFronli

HOT
E001_Error

TRUE
SIE Stop
FALSE

FALIE

TRUE
$1_Doorswitch
$I_DoorSwitch

t#ls

FALSE

FALSE

$1_E_Stop_Out

3I_DoorSwitch_Dut

I

$I_Reset§ignal_Out —Reset

3T_ResetSignal_dut —Reset

[

E00L_STO_Inl | &

TRUE

Reset$ignalFrontix

E001_Safety Connection_Status

$F_Emergencys top_i)
SE_EmergencyStop
Activate

Ready —
3 EStopln 3 EStopOut
5 StartReset Error —

5 hutoReset DiagCode —

3F_GuardMonitor ing_0

SF_GuardMonitoring

Activate Ready —

5_Guardswitchl § GuardMonitoring
5_GuardSwitch? Error -
DiscrepancyTine DiagCode —

5_startReset

5_AutoReset

& E001_3TO_Inl

E001_STO_In ALL

$F_EDN 0

E00L_Status

EQ0L_STO In ALL

E001_STO_Active

EQ0L STO Active

t4300ns

TRUE

SF_EDM_0_Reset —

SE_EDM

Activate Ready —

% OutControl % EDM Out
5_EDHL Error
3 EDNZ DiagCode -
HMoni toringTine

5 StartReset

Reset

E00L $afety Connection Status

Reset®ignal Out —— I _Resetfignal_dut

[
| &
[ E—

E001_Status

SI_E Stop_Out

$1_Doorfuitch_duc

E001_STO

0C_5F ResetSaferyError 0

0C_SF_ResetSafetyError

Activate Ready —

Errarick

E00L Error ick

ResetSignalFronlX —Reset

t#350ns

ResetPulselWidth




10.

11.

Delete ProgramO.

new_Controller_0 -

A4 Configurations and Sstup

¥i

12.

Multiview Explorer

~ 1
new_Controller 0 v | I |

b4 Configurations and Setup

ansfer from Coupler

£ Data Tra

[ 4 Programming

Select Configuration information + Unit operation settings + Unit application data.

Transfer to Coupler *

Select the data to transfer and dlick the Transfer Button.

Configuration informa

P Configuration information only

Select Yes to transfer the data to the NX-series Coupler Unit.

Transfer to Coupler

Transfer to Coupler is executed. The Communications Coupler and all the NX Units connected to the Communications Coupler will be
restarted after the completion.

/0 communications with the communications master will be stopped by this operation. Are you sure you want to execute the
transfer?

[
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13.

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0

o Cambenllas M
| - 'z
W i EtherCAl

Safety Validation

The safety application is now ready to run.

Safety Validation

Safety CPU Unit will start in RUN mode on next startup

Click the RUN Mode Button.

"RUN Mode




14.

When the data is successfully written, disconnect the coupler unit.

Select EtherCAT, right-click the Master and select Export All Couplers' I/O

Allocations from the menu.

Multiview Explorer

> 1
Node Address|Network configuration
new_Controller 0 v l “

b4 Configurations and Setup

Expand All
Collapse All

Import Slave Settings and Insert New Slave

Clear All Settings

S Pogermng |

Display ESI Library

Export Configuration Information
Outnut to FNS Fils

Export All Couplers' /0 Allocations

Assign Drives to Axes
Safety Related PDOs Batch Setting

Save the exported data file in any folder.
i Save As

“« » v 7  « -

Organise v New folder

> @l Desktop Name Status Date modified
> J Decuments No items match your search.
> Microsoft Tea

> T Microsoft Tea

> Microsoft Tea

> [N Pictures

> & ProjectFiles

Type

Search coupler config -]

i
4
]

Size

File name: | Coupler_20250116_092738.zip

Save astype: zip file (*.zip)

~ Hide Folders.

Note: You will use the exported file in the next section and later.

Save Cancel
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I 3.4. Setup of the Motion Controller CK5M

3.4.1.

46

To prepare for setting up the CK5M, use the Power PMAC IDE.
Install the Power PMAC IDE on the computer in advance, with reference to 2. Before You

Begin.
Preparing the Controller for Setup

H Creating a New Project

1. | Turn ON the power supply to the Controller.

2. | Start the Power PMAC IDE.

PowerPMAG IDE

to start the Power PMAC IDE.

Note: If a dialog box for access right confirming is displayed at startup, make selections

3. | In the Communication Setup Dialog Box displayed, specify the IP address of the
Controller to connect to and click the Connect Button.
| @ Communication Setup b
; IP Address: | 192.168.0.200 hd
| Uszer root
| Password: | e
: I| Connect I | Test | | No Device |
The default IP address of the Controller is 192.168.0.200.
If necessary, change the IP address in Windows to 7192.7168.0.X.
4. | The Power PMAC IDE starts and goes online with the Controller.

[
Blo Ed View -
o-a-aue

age # Lommunication Setup | FJJemnsl @ Bostion [Elwmen [7] stotus (3] Lo Fibban [T June

B atach -
B Task Marager [(R] ot <

SRR - Rk Berkiikze F Reset ¥ Rt BhaCAT ¥ Srve

Power PMAC Project Worldlov: = »

Crene e Prject )

Syem
ou Hadare [etrecnT 0 towtes) ©| (B9 00 Nondodt @] [ototor
Sntinge [~ Werify dagose seag 34 and contgure Add and contgure Add,se
dwecied nardmice
Coordic
Al 2
6
Spplicsion
Compenation Gty Homing =)
Addnd corfious | | Rddand canfaure| | Add wnd conboure | | Addsnd eonaune |
[ —— 0000000 4
L.000000000 raasee. 2.000020000 s Wbl
L0000 e 0000000 Tune Pl (utare i) Stope (e rase)
Cl 0.000900000 m L.000000000 rufsee. 0.000000000 s .
[ m— Fropectier
PMAC Seript Language ) Clanguage i ] Geneal
Add Miabar, PLCct. 4 ackground, reie iewshed o3, decument ER DL
Cprogam confqursion

Revision Updates (V4.6.3.x)

] o




5. | Select New - Project from the File menu.

File | Edit View Debug Tools  Power PMAC  EtherCAT  Window  Help

New ’I i3 Project.., Ctrl+Shift+N I

GOpen > Project Wizard... 53 Ribbor

Close Project
Save Selected lkems Ctrl+S .
Save Selected ltems As.. \
w4 Savedll Ctrl+Shift+S
(e * aoooooss
Impart 3
Template Manager. . Start
Page Setup... MNew Projet
Projert Wiz
Print. Clap J
Open Proje
Recent Files v
Recent Projects and Solutions 3 Recent
B Exit Alt+Fd - CK5M_Star
¥ CK5M Star

6. | Click PowerPMAC with EtherCAT (Acontis).
Enter a project name and click the OK Button.

New Project ? X

b Recent Sorthy: Default - Search Installed Templates (Cal+B) O =
4 Installed
D PowerPMAC PowerPMAC Type: PowerPMAC
PowerPMAC A Power PMAC project with Acontis
PowerPMAC Solution I 1| PowerPMAGwith EtherCAT (Acontis) PowerPMAC IE"“E'C““WW‘?”“‘E“‘
M
I
D PowerPMAC with EtherhletiP PowerPMAC |
D Pawer Brick LV 4 Axis PowerPMAC
D Power Brick LV B Axis PowerPMAC
D Power Brick AC 4 Aiis PowerPMAC
D Power Brick AC B Ais PowerPMAC
I
Hame: CKSM_StartUpGuide_Sample01] |
Location: C:#lUsers$M10220031,AD$OneDrive - OMRONST 22717 T ¥omran$B13 ¥AF2SSYIT 5 L IF FIBFHCKSN
Solution name: CKSM_StartUpGuide_Sampled Creste directory for solution

I oK I Cancel ‘

H Initially Setting Up the Controller
Perform the initial setup of the Controller.

IE' Precautions for Correct Use

Save any necessary data in the Controller before proceeding, since the initial setup
procedure clears all the memory.

1. Execute the $$$*** from the Terminal of the Power PMAC IDE to reset the Controller
to the default settings.

Terrrinal

Output
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Open System - CPU - System from the Solution Explorer.

Solution Explorer > 01X
f;f,| oo & | S om
Search Solution Explorer (Ctrl+:) P~
1 CKSM_StartUpGuide_Sampledl
4 Systern
4 CFU

Hardware
4 EtherCAT
& Masterd [Deactivated)
Motars
Coordinate Systems
[ Encoder
Toals

Clanguage
Configuration
Docurentation

Log

PMALC Script Language

A~

Click the Clock Settings Button.

CPU Settings

Clock Settings Commaon System Elements Memary Buffers Core Management

Advanced System
Elements

Set the Servo Frequency to 1 kHz.

Clock Settings
Phase Frequency: 1000 kHz
Servo Frequency: I 1000 v | kHz I
Real-Tirme Frequency: 100 v kHz @
Existing Mew
Servo Period: 1.000 1000 Milliseconds
Phase Over Servo Period: 1.000 1.000 i ]
Only EtherCAT detected,
PWM / Hardware Sampling Frequency
Mo Gates detected using Software Clock on Power PMAC @)

Note: The servo frequency that you set here has the following relationship with the

Servo Drive's communications cycle. Set the frequency according to the

communications cycle you want to set.

Communication
Servo Frequency[kHz]
cycle [us]
1,000 1.0
500 2.0
250 4.0
125 8.0




Click the Accept Button.

=» Cornmnon Systern Elernents Accept

If you change the servo frequency setting, enter the save command from the Terminal

of the Power PMAC IDE.

When the command execution is completed, Save Completed is displayed in the
Terminal.

Terminal

ges WELER Output

Click the Communication Setup icon in the toolbar to display the Communication
Setup Dialog Box.

File  Edit View Debug  Tools | PowerPMAC | EtherCAT  Windmw  Help

3+ -2 1w |~ Communication Setup |
¥ @ StartPage ¥ Communication Se Terminal -
[EE— O  E
Watch
Command/Query &¥
Status
Sys.ServoCount
A\ Power PMACEmor
ECAT]0]Enable
Pawer PMAC Unsolicited
P1000 _
Jog Ribbon
Sys.Time
T Power PMAC Messages
Slave_1002_Mx_ECC203_1002_6042_1_Sta
sResetButton FH Encader Conversion Table
Slave_1002_NX_ECC203_1002_6062_1_Inp| ¥ Update Firmware
Slave_1001_ROBD_1SNOIL_ECT 5110014 % Install Package
Stave_1001_REED_1SNOTL_ECT 511001 4 BF  Devies Imaging
hotor(1]JogSpeed & Backup Restore
Motor[1].AmpEna Tools
reveived: 54 characters; response time ettt N

,
,
Compare »

Pasition Velod | Manegers i 1
#11,280,006,237.000000000 ru X Kill Matars Chrl+Alt+k

Click the No Device Button in the Communication Setup Dialog Box.

| @ Communication Setup >
IP Address: | 192.168.0.200 “
User: root

| Password: | TrTTTrTT
| Connect | | Test | I No Device I

The Controller goes offline.

Cycle the power supply to the Controller. The set servo frequency will be reflected

after the Controller restarts.
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10.

Wait for the Controller to complete starting up, click Communication Setup in the
toolbar to display the Communication Setup Dialog Box.

Click the Connect button in the Communication Setup Dialog Box.

| @ Communication Setup >
IP Address: | 192.168.0.200 “
User: root

| Password: | *eeters
I| Connect |I| Test | | Mo Device

The Controller goes online.




3.4.2. Installing the ESI File
Install the ESI file for the Servo Drive in the Power PMAC IDE.

m Precautions for Correct Use

Prepare the ESI file mentioned in this section in advance. The ESI file can be downloaded

from the OMRON website.

1. Select ESI Manager from the EtherCAT Menu in the Power PMAC IDE.

File  Edit  Wiew Debug  Tools  Power PMAC | EtherCAT | Window  Help
i . | 7 - .2 o | | Ifﬁ' ESI Manager I
@ StartPage & Cammunication Setup | Terminal {:} Position Watch Status E

2. Check if Omron R88D-1SNO1L-ECT-51.xml is registered in the list of ESI files in the

ESI Manager.

= ESI Manager - u} X
ESI Files
Select an ESI file which should be deleted or exported or add new ESI files.
& | Delta Tau Data Systems, Inc.

Omron Corparation

Number of ES| files: 96

Number of devices: 650

Add File Add Folder E Close

If it is not registered, click Add File and register Omron R88D-1SNO1L-ECT-51.xml.

= Add ES| File 2t
€ v P < y temEsiF o
Organise v New folder =- 0 @
Name Date modified
N - "
’t;, Omron R88D-1SNO1L-ECT-51.xml 11/07/2024 15:21 Microsoft Edge H... 681 KB

& Omron R28D-1SN02H-ECT.xml

v [ This PC & Omron R88D-1SNO2H-ECT-02xml
, 5 05(C) & Omron R83D-15NO2H-ECT-03.xml 1 2024 15:21
- A2 ) & Omron R88D-1SNO2H-ECT-51.xml 11/07/2024
& Omron R88D-1SNO2L-ECT.xml 11/07/2024 15:21

8 Network
€ Omron R88D-1SNO2L-ECT-51xml

Linw € Omron R88D-1SNO4H-ECTxml

€ Omron R88D- 1SNO4H-ECT-02xml 07/2024 15:21
& Omron R88D-1SNO4H-ECT-03.xml

File name: | Omron R88D-1SNOIL-ECT-51xml Supported Files (*xml;*.zip)

| Open ‘ Cancel

Click the Close Button to close the ESI Manager Pane.
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Configuring EtherCAT Communications Settings

B Configuring EtherCAT Master Communications Settings

Open System - EtherCAT - MasterO(Deactivated) from the Solution Explorer.

Solution Explorer ~ 0 x
W o-a p -
Search Solution Explorer (Ctrl+:) P~

1 CK5M_StartUpGuide_Samplell
4 Systemn
4 Ccru
&1 System
Hardware
4 EtherCAT
I & Masterd [Deactiuated)l
Motors
Coordinate Systems
[ Encoder
Taols

Clanguage
Configuration
Documentation

Log

PRIAC Script Lanquage

VT v v v v

Set the communications cycle in Cycle Time [us] in the Master Tab Page.

Device Editar

Master | Tapalogy View

General

Unit Name EtherCATSwite Master

ICycIeTime[us] ® | 1000 I

Frequency [Ha] O 100

Source MAC address

Note: The communications cycle must be set to match the servo frequency of the
Controller.
In this Guide, set it to 1,000 us.

In the Solution Explorer, right-click Master0O (Deactivated) under System - EtherCAT
and select Scan EtherCAT Network from the menu.

Solution Explorer > 1 x
@ m-d|p -
Search Solution Explorer (Ctel+:) P~
[ CK5M_StartUpGuide_Sampledl
4 System
4 CPU
- &1 System
Hardware
4 EtherCAT
PR+ Decctivates
I Scan EtherCAT Network I
Load Mapping to Power PRAC ate Systems
Activate EtherCAT
T Reset EtherCAT
Append Elave an
Paste Slave Ctrl+V tian
Edit Topalogy
tLanguage

Show Master Status
‘Watch EtherCAT Mapped Variables
Metwork Mismatch Analyzer




Check that the following slaves are displayed in the Solution Explorer.

Saolution Explorer * 0 x
| o-F|f -
Search Solution Explorer [Ctel+: P~
[ CK5M_StartUpGuide_Sampledl
rl Systemn
4 CcPU
&1 System
Hardware
4 EtherCAT
4 @ Masterd [Deactivated)

4 [ Slave 1001 [RSSD-1SMATL-ECT-51] (1001}
01 Module 1 {FaoE-SL5)
4 B Slave 1002 [NX-ECC203] (1002)
B 201 Module 1 [NX-PFIE30
B 002 Module 2 (MX-SL3500)
B 203 Module 3 (MNX-SIDSOD
B 004 Module 4 [NX-1D5142)
Motars
Coordinate Systems

[ Frrader

Note: If the names of the slaves differ from the above, the variable names and data
names that you need to set in the following procedures may differ from those
mentioned in this Guide. In the following procedures, please proceed with the setup
by replacing the names of the slaves that have been set.

B Configuring Distributed Clock Settings

Open the Distributed Clocks Tab Page of MasterO (Deactivated).

BL-1SMOTL-ECT-51] (1001} Masterd (Deactivated) + X
Device Editar
| Master ” Topology View " Process Data \mage” Variables ” Advanced Uptmns” Slave to SIEVEI Distributed Clocks 'asks + Sync Units
Reference Clock
Harme Slave_1001 [REED-18MO1L-ECT-51] (1001}

Clock Adjustment
(®) Mlaster Shift (EtherCAT Master Time controlled by Reference Clock) or

Link Layer (Reference Clock controlled by Link Layer)
() Bus Shift (Reference Clock controlled by EtherCAT Master Time) Edit

External Mode (Reference Clock controlled by External Sync Device)

Options
Sync Window Monitoring

Show 64Bit System Time

Slaves with active DC

Slave_1001 [RESD-TSMDL-ECT-51] (1201
Slawe_1002 [MX-ECC202] (1002)
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Select the Bus Shift (Reference Clock controlled by EtherCAT Master Time) option.

Masterd (Deactivated) + X

Device Editar

‘ Master " Topalogy View ” Process Data Image ” Wariables ” Advanced Options" Slave to Slave | Distributed Clacks |Tasks + Sync Units
Reference Clock
Name Slave_1001 [REBD-1SMOTL-ECT-31] {1007y

Clock Adjustrrent
) Master Shift (EtherCAT Master Tie controlled by Reference Clock) or

Link Layer [Reference Clock cantralled by Link Layer)

I-éj Bus Shift (Reference Clock controlled by EtherCAT Master Time) I

External Mode (Reference Clock controlled by External Sync Device)

Options
[T Synec Window Maonitaring
[T Show B4Bit System Time

Slaves with active DC

Slave_ 1001 [READ-1SNOTL-ECT-51] (1001)
Slave_ 1002 [NX-ECC20% (1002)

Open Slave_1001 [R88D-1SNO1L-ECT-51] (1001) from the Solution Explorer and
display the Distributed Clock Tab Page.

Slave_1901 [REED-1SNOTL-ECT-51] (1901) = X |}

Device Editor @A o-a|p =
| General | Modules | PD Mapping | variables | Advanced Optiond| Distributed Clock it Commands | CoE Object-Dictionary | Sync Units | Search Solution Explarer [Cirl+) p-
Distributed Clock [ CKaW_StartlpiGuide_Sampledl
z 4 System
Operation Made | o€ for synchronization . ou
Sync Unit Cyele [us) 1000 £ system
Overwrite Made =] Hardware
4 o Ethercal
Sync Units 4 & Masterd (Deactivated)
Symc Unit 0 ‘I fi Siave 1001 [RBBD-1SMOTL-ECT-51] (1001) |
T SauTe T (5o
Cycle Time 4 B Slave 1002 [NX-ECC207) [1002)
® Sync Unit Cycle €1 1000 us B 901 Module 1 [NX-FFOE30)
User defined 1000 B 002 Module 2 {NX-SL3500)
) B 002 Module 2 {NX-SID30D)
Shift Time (ush B 904 Module 4 {NX-1D5247)
Sync Unit 1 Motors
SycleTime Coardinate Systems
o e Unis Gl . 0 b Encoder
yne Unit Cycle « us -
Sync 8 Cycle %1 Dus 3 Clanguage
User defined b 1 Configuration
b 11 Documentation
Shift Time [us) b i Log
b 10 PMAC Script Language

Set Operation Mode to DC for synchronization.

Slave 1007 [REED-1SMOIL-ECT-31] (1901 + X
Device Editar
| General " Maodules " PLO Mapping || Yariahles " Advanced Dptiu:uns| Distributed Clock | Init Comnmm

Distributed Clock

Opetation Mode [ DC for synchranization all
Sync Unit Cycle (us) 13K
Overwrite Mode O




Similarly, open Slave_1002 [NX-ECC203](1002) from the Solution Explorer and

display the Distributed Clock Tab Page.

Slave_1002 [NX-ECC2DY (1002) = X
Device Editar m‘ o-a | ya
[ General || Modules | PDO Mapping [ variables || Advanced npmnl Distributed Clock "\lt Commands | CoE Gbject-Dictionary | Sync Units Search Salution Explarer (Ctrl+) P
Distributed Clock [ CK3M_StartupGuide_Sampledl =
Syste
Operation Mode |BCfor synchronization - 4 . ysspmu
Sync Unit Cycle fush 1000 &) System
Ovenurite Mode o Hardware
4 EtherCAT
Sync Unite 4 & Masterd (Deactivated)
Syne Unito | S\ave,]?(? ‘[‘R‘sa?rlstn.‘—Ecrrm] (1
Cycle Time Ip B Slave 1002 [NX-ECC203] (1002) I
® Sync Unit Cycle 1 1000 us
User defined 1000 Coordinate Systems
it b Encader
ift Time (us) b 1 Tools
Syne Unit 1 b Clanguage
oycleTime 4 Configuration
o Unit v ; o [} ECATCanfig.cfg
ync Unit Cycle « us 2 enid
Sync D Cycle 3l Qus [ pp_custom save.cfy
User defined D) pp_custom_savespl
5] pp_disable.tet
Shift Time (s} =] pp_inc_diable.tet
=] pp_inc_startup.tet i
< - »

Set Operation Mode to DC for synchronization.

siave_1o02 -Ecceos) (oo = < |

Device Editar
| General " Modules " FDO Mapping " Yariables " Advanced Dptiu:uns| Distributed Clock |Init

Cistributed Clock

Operation Maode | DC far synchronization |
Sync Unit Cycle (us) 18300
Ovenwrite Mode ]

B Configuring PDO Map Settings

In the Solution Explorer, right-click MasterO (Deactivated) and select Import PDO from
Sysmac file from the menu.

Solution Explorer >0
W o-F| L=
Search Solution Explorer {Ctrl+:)
4 System
3 CRU

Hardware
EtherCAT

ez (BT s @ Slave 1001 [REED-1SMOIL-ECT-51) [100T)

Load Wapping to Power PRAC || 091 Module 1 [FSaE-5L5)
Activate EtherCAT 4 [ Slove 1002 [NX-ECC203] (1002)
Reset EtherCaT B 997 Module 1 (MX-PFOE3D)
B 002 Module 2 (NX-SL35000

Append Slave B 002 Module 3 (NX-SIDE00)
Paste Slave B 004 Module 4 (M-1D5342)
Edit Topology Mators
Expand Al Coordinate Systems

> Encoder
Collapse All Tools
Show Master Status Clanguage
Watch EtherCAT Mapped Variables Configuration
orart (el Gl Doacumentation

. Log

Line Crossed Analyzer PRAC Script Language

Configuration Mode

1

EcE Endpoint Configuration terd File Properties
pis
Impart SRA Parameter from Sysma file & Name Masterd
Import Slaves from EMI Name
Load Mapping to Power PMAC fram EMI name of the file or folder
Export ENI File
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Decompress the zip file exported from the Sysmac Studio (see Export Procedure for

the Safety Configuration File) and click SlaveMemoryMap.xml in the folder to open it.

Name Status Date modified Type Size
& CouplerCopylnfoxml = Microsoft Edge H... 2KB
& CouplerEsi_E0D2.xml = Microsoft Edge H... 17KE
€ CouplerMemoryMap xml <] 10/12/2024 16:18 Microsoft Edge H... 1K8
I & SlaveMemoryMap.cml I =2 10/12/2024 16:18 Microsoft Edge H... 10KB
& SraParameterList.xml = 10/12/2024 16:18 Microsoft Edge H... 1KB
E ‘SIavEMemuryMap.xml v| ML Files (Yl ~

| Open I Cancel

When the following dialog box appears, click the OK Button.

| This will delete/overrice all POOs for all match slaves, Doyou o
. still want to continue 7 PDO details in slave are updated,

—

Note: If you have changed the device name of the Servo Drive from the default name
in the network configuration created in 3.3 Setup of NX-series Safety Control Units,
the following dialog box appears and you cannot configure the PDOs.

o The project network does not have matching device

OK

Check the device name of the Servo Drive in the Power PMAC IDE and the device
name set in the Sysmac Studio, and change the device name in the Power PMAC

IDE so that they match.
siave_1001 reep-1snoiL-ect-s1) ooy = < [ NN

Device Edtor
[ General [Modules | PDO Mapping | Variables | Advanced Options | Distributed Ciock | Init Commands [

Address.

The default is E001. If itis different,

Statian Address oo = !

ltem name et match it.
Device name N Pl siav=_1001 [RE8D-1SMOTL-ECT-51)

Model name R&8D-1SMNO1L-ECT-51 Descriptian REED-1SNOTL-ECT-51 100w/ 100W ServoDrive
Product name RE8D-1SNO1L-ECT-51 100V/10. Vendor Ormran Carparatien (0x00020063)

nnnnnnnnnnn AennnnieR (108

* To check the device name in the Power PMAC IDE, open Slave_1001 [R88D-
1SNO1L-ECT-51] (1001) from the Solution Explorer and display the General Tab
Page.




Open Slave_1001 [R88D-1SNO1L-ECT-51] (1001) from the Solution Explorer and
display the PDO Mapping Tab Page.

Check that the PDO map settings are the same as the those you configured in 3.3.1

Creating the Network Configuration.

v, 101 - cr 1 o) = < |
Device Editor
[General [ Wiodules | PDO Mapping |Variables | Aduanced Options | Distributed Clock | Init Cammands | Cof Qiject-Dictionary | Syne Units |

PO FMMU/SH

Inputs Outputs
st transmit PDO Mapping fexclucied by 0x1802) ax1a00 ~ 15t receive PDO Mapping [exclue d by 0x1704) oo+

258t transmit PDO Ma pping (excluded by 01802 a1t 258th receive PDO Mapring (excluded by 8x1704) o701

258th transrit PDO Mapping 1802 258th receive PO M3 pping (excluded by Ox1704) 01702

260th transrmit PDO Mapping (excluced by 0x1802) ax1803 2601 receive PDO Ma pping (excluded by 0x1704) 01703

261t transmmit PDO Ma pping (excluced by 0<1802) ax10a 2611 receive PDO Mapping 0704

283th transmmit PO Mapping 1820 2624h receive PDO Mapring (excluded by 8x1704) 01705

512th transmit PO Mapping OctBF Mot 1 (FSCE 5L5).17th receive PDO Mapping oxis10
Modiule 1 (FS0E-5L5)17th transmit PDC Mapping 0x1A10 Name. Ingiex Bit Length
Name Index it Lenggn Sk Master CMD oxera001 B
FSof Slave CMD axes00m ] ST command OxEEa000 1
$TO command ey 1 551 command 1 oxess001 1
2000080 1 0x003000 1
00010 1 0x002000 '
100010 1 0008000 1
01000110 1 03000000 1
2000080 1 0x003000 1
00010 1 arror acknawtedge oxess200 '
error acknowlecize ox63200 1 0008000 1
01000110 1 . 03000000 1 .
Add Delete Edit Up Down Load PCO information
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H Setting the Safety Controller

In the Solution Explorer, right-click 002 Module2(NX-SL3500) under MasterO
(Deactivate) - Slave_1002[NX-EC203 and select Import Sysmac Studio Safety
mapping file from the menu.

Solution Explorer - X
@ o-a| L -
Search Solution Explorer (Ctrl+:) V-l
PLO - FMMU/SM [ CK5M_StartupGuide_BHRL2
4 o System
b cru
" - Hardware
18 4 o EtherGAT
4 & Masterd (Deactivate)
" 4 [ Slave 1001 [RB8D-1SMOTL-ECT-51] {1001)
Iapring 0610 | 001 Module 1 (FSOE-SLS)
. 4 B Slave 1902 [NX-ECC03) (1002)
001 Module 1 (NX-PFO530)
| import Sysmac Studio Ssfety mapping file Uodule 3 NX-SIDE00)
& Open Wodule 4 (MX-1D5342)

Scopeto This

Femz

B New Solution Explorer View
F Properties AlteEnter

Among the files that you exported in Export Procedure for the Safety Configuration

Eile, click CouplerMemoryMap.xml to open it.

| @ Open X
& v A « G Search Coupler_20241210_S el
Organise v New folder =~ 0O 0

PA
> M Desktop Name Status Date modified Type Size
> [ Documents | @ couptercopyintoxmi z 10/12/2024 16:18 Microsoft Edge H KB
Microsoft Teams @ CouplerEsi_E002xml Fs ] 10/12/2024 16:18 Microsoft Edge H... 17KB
> Microsoft Teams Ile CouplerMemoryMap.xml = 10/12/2024 16:18 Microsoft Edge H... 1 KBl
Microsoft Teams © SlaveMemoryMapxml z 10/12/2024 16:18 Microsoft Edge H 10KB
s P Pictures @ SsreParameterListxml = 10/12/2024 16:18 Microsoft Edge H 1KB
File name: | CouplerMemornyMap.xml v XML Files (*xml)

The Safety memory map viewer Pane opens.
Check that the Select All and Convert BOOL-USINT Check Boxes for TXPDO and
RxPDO are selected and click the Accept Button.

Safety memory map viewer X |

Name
(=) mepo |7 select Al

SlOtZNK-SLISKPinput Dats Set 1
i

Index DataType Offset Size
Corvert BOOL-USINT

ARRAY [0..6] OF BYTE
ARRAY [0.6] OF BYTE
(5 SR Lt Ot 2

Safety CRU FE021 UNT 34 2
(@) RepO ' Select Al II Corvert BOGL-USINT I

() Stot2WK-5L3500 Cutout Data Set 1

Nodel #7020 ARRAY (0.6 OFBYTE O 7
Node2/Unit3 #7002 ARRAY[0.6 OFBYTE 7 7
(R) SlotZ(¥-SLI50G Output Dats Set 2

ErvarClearFromhi #7021 USINT (B00L) i 1
Padding #0212 ARRAY (0.0 OFBYTE 15 1

L l Accept ' Cancel |
Click the Yes Button.

| Import PDO Entries

0 Are wou sure doyou want toimport these PDO Entries?

LALAZ [




Open Master0 (Deactivate) from the Solution Explorer and display the Slave_to Slave
Tab Page.
In Connections, check that 1S-51 and SL3500 are linked (in the red frame), and that

SID800 and SL3500 are linked (in the blue frame).

Device Editor

[ Master | Topolagy view | Pracess Data Image | Variabiles | Advanced Optians | Slave to Slove | Distributed Clacks | Tasks + Sync Units|

Slave to Slave

Inputs Outputs
» [ Slave_1001 [RBED-1SNOIL-ECT-51] » [ Slave_1007 [RBAD-1SNOIL-ECT-51]
» B Slave 1002 [NX-ECC203) » [ Slave 1002 [NX-ECC203

>

b3

Connections

Input Ofset Cutput Offcet__ Bitsize
5lave_1002 [NX-ECC203] Module 2 (NX-5L3500)Input Data Set 1 57 >> | Slave_1007 [RBED-1SNOTL-ECT-511Mocule 1 [FS0E-5LS)1 7th receive PO Mz 230 | 56

1 53055

5lave_1001 [REE0-15M01L-ECT-51].Module 1 (FS0E-5L5)1 7th transmit PDO 304 >>  Slave_1002 [NX-ECC203]Module 2 (NX-SL3500)Output Data Set 1 370 56
— —

Slave_1042 [NX-ECC203] Module 3 (NX-5ID300)Input Data Set 1 734 >>  Slave_1002 [NX-ECC203] Module 2 (NX-SL3500)0utput Data Set 1.E002.510t2, 244 56
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H Setting the SRA Parameters
Check that the SRA parameters settings of the CK5M match those of the safety controller. For
information on setting the safety controller, refer to 3.3.3 Setting the Safety Controller.

1. | In the Solution Explorer, right-click Master0O (Deactivated) and select Import SRA
Parameter from Sysmac file from the menu.

4 System
Comment Access b cPU
Hardware
4 o EtherCAT
clear sm peos [(x1C13) RO ry
Scan EtherCAT Network e 1007 [RBAD-1SHO1L-ECT-51] [1001)
Load Mapping to Power FMAC e 1002 [MI-ECCRO3] [1008)
Activate EhorCAT 901 Module 1{NA-PFIS3)
002 Module 2 {NA-SL3500)
(oo BT 903 Module 3 {NA-SIDB00)
Append Slave 002 Module 4 [NA-IDS242)

clear sm pdos [0:1<12) RO

Faste Slave
Edit Topology & Systems
Expand All
Collapse All

Show Master Status "

Watch EtherCAT Mapped Variables

an

Hetwark Mismatch Analyzer Language
Line Crossed Analyzer

Configuration Made

Diagnosis Mode

EcE Endpaint Canfi i
oF Endpoint Configuration ) File Properties .

ImFlm't PRO frnmesmac file

Import SRA Parameter from Sysmac file |

»

(e S firasm B0 Masterl (Deactivated) A
Load Mapping to Power PMAC from ENI
Export ENI File

2. | Among the files that you exported in Export Procedure for the Safety Configuration File,
select SraParameterList.xml and click the Open Button.

Mame Status Date modified Type Size
& CouplerCopylnfoxml = 10/12/2024 16:18 Microsoft Edge H... 2KB
& CouplerEsi_E0D2Zxml = 10/12/2024 16:18 Microsoft Edge H... 17KB
& CouplerMemoryMap.xml = 10/12/2024 16:18 Microsoft Edge H... TKB
L SlaveMemonyMap.xml = 10/12/2024 16:18 Microsoft Edge H... 10KB
Ie SraParameterListxml = 10/12/2024 16:18 Microsoft Edge H... 1 KEI
18 |SraParameterList.me v| HML Files (*xml) ~

Fancel

When the following dialog box appears, click the OK Button.

SOFALS Power PMAC x

This will updated the SRA Parameters for all match slaves, Do
|
= . you still want to continue 7 SRA Parameters details have updated.

fra =]

3. | Open Slave_1001 [R88D-1SNO1L-ECT-51] (1001) from the Solution Explorer and
display the Init Commands Tab Page.
Check that OD is added, as shown below.

Device Editor
[ General | Modules || PDO Mapping | Variables | Advanced Options | Distributed Clack | Init Commands | CoE Object-Dictionary | Syne Units

Init Commands

Transition Protocol  Index value Comment Access
Pre.Op-»5afe-Op | CoE axci2ngg a clear sm peios [0x1C12) RO
Pre-Op->5afe-Op  CoE 4113000 @ clear sm pelos (1513} [e]
Pre-Op->Safe-Op | CoE @c1A00000 A7 00 10.00 41 69 20 00 64 60 10 00 B 69 20 00 BA 60 2000 BC 9 10 00 3F 60 20 00 FD 60 ciownload pdo 01400 entries RO
Pre.Op-»5afe-Op | CoE 1410099 1300 08 0104 EF 0100 40 66 410000 40 700 0000 81 0 00 40 0189 00 00418980 0001408900 01 dewnlcad prlo X141 entries RO
Pre.Op-»5afe-Op | Cof ax1600000 8300 10.00 40 69 20 0 74 60 1 64 B3 60 diownload! pdo 0x1699 entries RO
Pre-Op->5afe-Op  CoE 41610000 1300080100 E7 010040 664101 50 6621100 0009 81 90 0000 0169100 00414900 00914449 00 01 clownload polo Ox1619 entries RO
Pre-Op->5afe-Op | CoE @IC12000 4200 0417 1016 diownload pdo 0x1C12 index | RO
Pre.Op-»5afe-Op | CoE ax1C13099 9400 02 18 20 1BFF1B10 1A diownlcae oo 0x1€13 index | RO
Pre-Op->5afe-Op  CoE 9:6060000 & RY
Pre-Op->Safe-Op | CoF 42002002 1 R

I Pre.Op-»5afe-Op | CoE aaF20001 2 Impcrt from Sysmiac file RW I




H Creating an EtherCAT Network Configuration File

_ Scan EtherCAT Metwork
I Load Mapping to Power PMAC I
Activate EtherCAT
Reset EtherCAT

Ao

I <o Explarer - A
- L
- & o-dF -
T Gearch Solution Explorer {Crrl+) el
[ CKSM_StartupGuide_Sample02
4 System
3 CPU
Hardware

¥ EtherCAT

] (Deactivated)

Slawe_19001 [REED-1SMOTL-ECT-51] (1001)
001 Module 1 (FSoE-SL5)

Slave 1002 [NX-ECC202] {1002)

H 401 Module 1 (MX-PFI630

B 902 Module 2 {NX-5L3500)

B ACT LA T R O

In the Solution Explorer, right-click Master(Deactivated) under System - EtherCAT and
select Load Mapping to PowerPMAC from the menu.

eni.xml is added under Configuration in the Solution Explorer.

Solution Explarer

@ o-a|p =
Search Solution Explorer {Ctrl+:
[ CKSM_Startupluide_Sampled2
Systern

Tools

Clanguage

[

Configuration
[ ECATConfig.cfg

I ] eni.arml I
[ pp_custom_save.cfg
[ pp_custom_savetpl
=] pp_disabletst
=] pp_inc_disabletst
=] pp_inc_startup.tat
[ pp_save.cfg
=] pp_startup.tet
[ systernsetup.cfg

4 Cocumentation

4 Lag

4 PMAC Script Language

~ 0 X

o~

ECATMap.pmh is added under PMAC Script Language in the Solution Explorer.

Solution Explorer
@ o~ p -
Search Solution Explorer (Chrl+:)

[ CKSM_StartupGuide_Sample02
Systern
Tools
Clanguage
Configuration
Documentation
Log
PMAC Script Language
4 Global Includes

A ¥ ¥ v vvT

| D EcatMap.pmh

[ global definitions.prmh
Kinernatic Routines

I Libraries

B Maotian Prograrms

B PLC Programs

-
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3.4.4.
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Setting Axis Variables

Open global definitions.pmh under ProjectName - PMAC Script Language - Global

Includes from the Solution Explorer.

Solution Explorer
@ o-d| s -
Search Solution Explorer (Chrl+:)

[ CKSM_Startupiavide_Sampl=01
Systern
Toaols
Clanguage
Configuration
Documentation
Log
PRALC Script Language
4 Global Includes

[~ 4

I E
global de

[

Kinernatic Routines

4 Libraries
Mation Programs
PLC Programs

Write the following code in the programming area.

/ldefine
#define true 1
#define false 0

/I Motor
Motor[1].ServoCtrl=1
Motor[1].Ctrl=Sys.PosCtrl
Motor[1].EncType=0

Motor[1].pEnc=EncTable[1].a
Motor[1].pEnc2=EncTable[1].a

Motor[1].AmpEnableBit=3

Motor[1].AmpFaultBit=3
Motor[1].AmpFaultLevel=3
Motor[1].EcatAmpFaultLimit=1000
Motor[1].pLimits=0

Motor[1].LimitBits=0
Motor[1].WarnFeLimit=1000
Motor[1].FatalFeLimit=0
Motor[1].Stime=ECAT[0].ServoExtension
Motor[1].MaxSpeed=3000/60%(1<<23)/1000
Motor[1].pAdc=Sys.pushm
Motor[1].pPhaseEnc=Sys.pushm
Motor[1].pEncStatus=Sys.pushm
Motor[1].pEncCtrl=Sys.pushm
Motor[1].CaptControl=0
Motor[1].pCaptFlag=Sys.pushm
Motor[1].pCaptPos=Sys.pushm
Motor[1].PosSf=1

Motor[1].Pos2Sf=1
Motor[1].MasterPosSf=1

/lenable motor control
/I Output command position to pdac
/IEncoder type None

Motor[1].pDac=Slave_1001_R88D_1SNO1L_ECT_51_1001_607A_0_Targetposition.a

/[Position command pointer
/[Position feedback pointer
/ISpeed feedback pointer

Motor[1].pAmpEnable=Slave_1001_R88D_1SNO1L_ECT 51_1001_6040_0_Controlword.a

/[driver directive pointer

//IReference bits in the driver directive pointer
Motor[1].pAmpFault=Slave_1001_R88D_1SNO1L_ECT_51_1001_6041_0_Statusword.a

/[Pointer driver error

/IReference bit of the driver fault pointe(Fault bit)

/[Logical state of driver error.

/ISoftware limit disabled

//Number of limit signal bits for motors
/[Deviation warning limit value

/[Deviation Abnormal Limit Value
/[Extension of servo cycle

/IMaximum speed 23-bit encoder 3000 r/min

/lelectronic gear ratio
/lelectronic gear ratio




Motor[1].JogTa=500

Motor[1].JogTs=500

Motor[1].AbortTa=100
Motor[1].JogSpeed=1200/60%(1<<23)/1000
Motor[1].HomeVel=10
Motor[1].InvAmax=10
Motor[1].InvDmax=10
Motor[1].Invdmax=50
Motor[1].MaxDac=32768

/lJog acceleration/deceleration time
/lJog S-curve acceleration/deceleration

/IDeceleration during Abort

/lJog speed/ms 23-bit encoder 1200 r/min
/[Home search speed/ms

/Maximum acceleration

/Maximum deceleration

/IMax Jerk

/Maximum DAC output

/[Encoder

EncTable[1].type=1

EncTable[1].index1=0

EncTable[1].index2=0

EncTable[1].index3=0

EncTable[1].index4=0

EncTable[1].index5=0
EncTable[1].pEnc=Slave_1001_R88D_1SNO1L_ECT_51_1001_6064_0_Positionactualvalue.a
EncTable[1].pEnc1=Slave_1001_R88D_1SNO1L_ECT_51_1001_6064_0_Positionactualvalue.a
EncTable[1].ScaleFactor=1

Note: Variables such as

Slave _1001_R88D 1SNO1L_ECT 51 1001 _6064 0 Positionactualvalue are the
parameter variables included in ECATMap.pmh that you created in 3.4.3 Configuring
EtherCAT Communications Settings. Check the variable names in advance, as they vary
depending on the slave names specified in the Sysmac Studio project that you created
in 3.3 Setup of NX-series Safety Control Units or the Power PMAC IDE project that you
created in 3.4.3 Configuring EtherCAT Communications Settings.

ey METNLL Y R Slove 1007 [REED-15MOL-ECT-51] (1001) Masterd

-1// Inputs

#define Slave 1001 R88D_1SNO1L_ECT 51_1001 603F_8_Errorcode ECAT[@].I0[4096].Data

#define Slave 1081 RS8D_1SN@1L_ECT 51 1001 6841 8 Statusword ECAT[@].I0[4897].Data

#define Slave_1001_R88D_1SN@1L_ECT_51_1001_6664_8_Positionactualvalue ECAT[@].I0[4098].Data
#define Slave_1001_ R88D_1SNO1L_ECT_51_1@81 6877_8_Torqueactualvalue ECAT[O].IO[4899].Data
#define Slave 1001 R88D 1SNO1L ECT 51 1001 66861 @ Modesofoperationdisplay ECAT[©].I0[416@].Data
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3.4.5. Creating an Operation Program

1. | Open plc1.plc under ProjectName - PLC Programs - Global Includes from the Solution
Explorer.

Solution Explorer -
W o-d -
Search Solution Explorer [Ctrl+:)

[ CK5M_StartupGuide_Sampledl
Systern
Tools
CLlanguage
Configuration
Documentation
Log
PMAC Script Language
[ Global Includes
Kinerratic Routines

AV T T T T W

[ Libraries
4 Mation Programs
4 PLC Programs

[ —

2. | Write the following program in the programming area of the plc1.plc Tab Page.
This program causes the motor shaft to run at 1,200 rpm three seconds after the Servo
is turned ON after the reset switch is pressed.

/*For more information see notes.txt in the Documentation folder */

global moveSequence = 0; /[for plc1 Sequence

global isResetButton = false; /ICheck if the reset button is pressed
global STOCommand = true; /Isto command(true:Deactivate)
global STOStatus = false; /Isto command(false:Deactivate)
open plc 1

while(sys.ecatMasterReady==0){};

isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;
STOCommand = (Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_130_MirrorSafetycontrolword & 1);
STOStatus = (Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_131_MirrorSafetystatusword & 1);

switch(moveSequence)
{
case 0://Setting
/IEtherCAT Enabled

ECAT[0].Enable=true;

/[Positive/Negative torque limit value set to 30%
Slave_1001_R88D_1SNO1L_ECT_51_1001_60EO0_0_Positivetorquelimitvalue = 300;
Slave_1001_R88D_1SNO1L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;
Ldata.motor = 1;

moveSequence = 1;

break;
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case 1://Check if the reset button is pressed.
if(isResetButton == 1)
{
moveSequence = 2;
}
break;
case 2: //servo ON
jog/; /lservo ON & Full closed loop setting

/Iwait 3sec
P1000 = Sys.Time+3;
while(P1000>Sys.Time){};

moveSequence = 3;
break;

case 3: //ckeck the servo ON & STO deactivate
if(Motor[1].AmpEna == true && STOStatus == false)

{
Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms
jog+; //move motor(1200rpm)
}
else
{
kill;/servo OFF
moveSequence = 1; //Start over from sequence1
}
break;
default:
moveSequence = 0;
break;

}
/[Detection of rising error switch
Slave_1002_NX_ECC203_1002_7002_1_EO002Slot2ErrorClearFromNX =
Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;
close

Open pp_startup.txt under ProjectName - Configuration from the Solution Explorer.
Solution Explorer
@ o-d| f-

Search Solution Explorer (Ctrl+:)

i Configuration
[ ECATConfig.cfg
2] enixrml
[0 pp_custom_save.cfg
[ pp_custom savetpl
=] pp_disabletst
=) pp_inc_disabletst
=) ppinc_startup.at

il

=] pp_startup et

[ systemsetup.cfg

4 Documentation
3 Log
3 PMAC Seript Language

Add the following code to the end of the program in the programming area of the
pp_startup.txt Tab Page.

enable plc 1;

The pp_startup.txt file is automatically executed at the startup of the Controller.
In this example, the script for PLC1 is executed.
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3.4.6.
Download the created project to the Controller.
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Downloading the Project and Checking the Operation

After the project is downloaded, the program starts automatically.

1.

Check that the value of ECAT[0].Enable is 0 in the Terminal or Watch Pane.
¢ @8 StartPage ¥ Communication Setup | € Paosition

Watch #> 0 x
Command/Query i¥ Response

Sys ServoCount 00347 —

P1000 132.49511852 000001
SpsTime 1014.58672568000000

Slawe 1N WY FOCPT AN ALY 1 Standaed sbdined3AT 2000 appene #0011 FGAD ChADE Slanes 1

If the value is 1, execute the command ECAT[0].Enable=0 from the Terminal to stop

EtherCAT communications.

Right-click the project name in the Solution Explorer at the right of the IDE Window and
select Build and Download All Programs from the menu to build and download the
project.

Solution Explorer ~ 3 x
=
ks ASRCR- AR
-

Search Solution Explorer (Ctrl+:) -

e A -

X Build
Rebuild

Clean

)]

Mew Solution Explorer Yiew

Euild and Download All Programs I K11 [RESD-1SMOTL-ECT-51] (1001}

Map Power PMALC Wariables flodule 1 (FSoE-5LE)
K2 [MX-ECC203] (1002)

D @@+ O
—

Export Project with [P Protection...

Check that there are no errors in the Output Pane.
If Download successful is displayed, the download is completed successfully.

Output

Show output from: Build 2 | | | &= | fa
Pleaze wait while loading the project.

Uploading pp_error. log file from the Pover PMAC.
Uploading pp_proi.log file from the Power PMAC.
Uploading pp_error_hist. log file from the Power PMAC.
Uploading pp_debug.txt file from the Power PMAC.
lploading and synchronizing Power PMAC variables

Total Project download time = 4,562 seconds.
Slpielfiitaipbmtiiebdmad down|oad time = 12,915 seconds.

es Terminal

Note: If the download fails, check if an error has occurred in the Output Pane. If itis a

program error, review the program.
If it is related to EtherCAT settings, go back to 3.4.3 Configuring EtherCAT
Communications Settings and check if there are no errors in the settings.




When the download is completed successfully, EtherCAT communications and FSoE
communications are established.

You can check the communications status by two status indicators located on the front
panel of the Servo Drive. When EtherCAT communications are established, the ECAT-
RUN indicator is lit green. When FSoE communications are established, the FS
indicator is lit green.

[ OmREN AC SERVO
S— S— 2@3\; j
1PH/3PH

ﬁ:g BCU | 200W |

Vo=V o EtheredE=

RBED—-1SAN=MWR

0ZHHECT =ERR
| —FECAT = —
T \ \
m N OUT
[- R Y]

Note: If EtherCAT communications or FSoE communications are not established,
perform the procedures in 3.3 Setup of NX-series Safety Control Units and 3.4 Motion

Controller CK5M again.

In the Terminal, enter save to save the downloaded project to the Controller.

es MEVWLEN Output

Note: If you turn OFF the power supply to the Controller without entering save, the
downloaded project will be discarded.
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I 3.5. Setup of the Servo Drive
Set up the Servo Drive using the Sysmac Studio.

If you are continuing the operation from 3.4 Setup of the Motion Controller CK5M, set the connection
status of the CK5M to No Device from Communication Setup in the Power PMAC IDE.

3.5.1. Connecting the Servo Drive via CK5M

1. | Start the Sysmac Studio and click Connect to Device under Online.
Offline
. New Project

@ Open Project

& Import...

Online
Version Control

W, Version Control Explorer
License

= License

2. | Select Drive as the device to connect to, and select the Remote connection via

Programmable Multi-Axis Controller (EtherCAT) option as the method to connect to the
device.

6 Connect to Device

¥ Device

Select the device to connect. Drive v |
¥ Connection type

Select a method to connect with the Device to use
every time you go online.

@ Direct connection via USB &,
() Remote connection via Programmable Multi-

Axis Controller (EtherCAT)

Kemote connecuon via LI Ivw-NCjs]
@ Position Controller (EtherCAT)

3. | Next, in the connection settings, enter the IP address 792.168.0.200 and click the
Connect Button.

mac Studio (64bit) m]
Syst

Offline
P . ’7 Connect to Device
'+ New Project

¥ Device

Select the device to connect. L O ——
& Import... ¥ Connection type

Select a method to connect with the Device to
use every time you go online.

@ Cpen Project

Online @ Direct connection via USB
Remote connection via Programmable
O Mutti-fuis Contraller (EtherCAT)
Remote connection via CJTW-NC[I8[]
Version Control O s (EtherCAT)

l‘l} Version Control Explorer
License - -
. ¥ Connection settings
B2 License Specify the remote connection seffinos.
IP add 192.168.0_. 200
rortNo. [ ]
Password [

M Manage in Project File Node address [ Detect all drives.

Robot System

M Open in Emulation Mode Connect

68



4. | The display changes and R88D-1SNO1L-ECT-51 in the Multiview Explorer, indicating
that the Servo Drive is now online.

Multiview Explorer

L= Parameters
LE FFT
L4 Data Tra

| 3 Programming

3.5.2. Motor, ABS Encoder and I/O Setup

B Quick Parameter Setup and I/O Monitor Wizard

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

I
new_Drive_group 0

A4 Configurations and Setup
vi G

8 Pogareang |

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

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

¥ Quick Parameter Setup and 1/O Monitor

Quick Parameter Setup and 1/O Monitor

Setup basic parameters quickly and monitor /0 signaks.

¥ 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. S

Tune based on setting the machine rigidity.

3. Select whether or not an OMRON Controller is connected, and set the recommended
setting to Use.

Recommended settings O Use @ Do not use

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
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Only when using a Servomotor with an absolute encoder, select the Use as absolute
encoder but ignore multi-rotation counter overflow option for How to Use Absolute
Encoder.

~How to Use Absolute Encoder —

@ Use as absolute encoder

@ Use as incremental encoder
{0 Use as absolute encoder but ignore multi-rotation counter overflow
Transfer To Drve

NOTE: T tting changes 4510.01 hex 'Operation Selection when Using Absolute Encoder’.

Set up the absolute encoder (if required).

Setup Absolute Encoder
Launch Maotor and Encoder view
Use this function when clearing the multiple rotation data or when replacing a
Servomotor in the actual machine.
To reset multiple rotation data, click the Clear system Button.

e

Encoder Properties

¥ Monitor

¥ Encoder Error

[ Encoder - Encoder Communications Frror C... |

¥ Encoder
Encoder - Resolution per Rotation 8388608
Encoder - One-rotation Data 5818522 Encoder Unit
Encoder - Multi-rotation Data 18278 Rotations
Encoder - Hlectric Angle 168 degree
Encoder - Mechanical Angle 249 degree
Encoder - Encoder Temperature 417c

¥ Operations

Clearsystem | ) Multiple rotation data will be leared, and the machine system will change to a new position data system

You need to restart the Servo Drive to complete the operation. Click the Yes Button.

22 Encoder Unit
Encoder - Multi-rotation Data 0 Rotations
Encoder - Electric Angle 168 degree
Encoder - Mechanical Angle 249 degree

Encoder - Encoder Temperature 42°C

A
Clear system A Multiple rotation data will be cleared, an 9
-

¥ Operations
Restart the drive to complete the operation.

Do you want to restart the drive now?

-Current Allarm ———————————————
Event Name |  EmorCode |
Absolute Value Cleared  27.01

Reset alarm
Reset Communications Error Count

Reset Motor Replacement Detection error




Check that multiple rotation data of the encoder has been cleared.

¥ Encoder Error

¥ Encoder Status

Encoder - Resolution per Rotation 8388608

Encoder - One-rotation Data 5818523 Encoder Unit
Encoder - Multi-rotation Data 0 Rotations

Encoder - Electric Angle 168 degree

Encoder - Mechanical Angle 249 degree

Encoder - Encoder Temperature 42°C

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

tation Direction Setting’.

Set input signals and transfer the settings to the Servo Drive.
The Error Stop Input (ESTP) is ON by default. Turn it OFF as follows if necessary.

When ESTP is ON, the Error No. 87.00 is displayed on the Servo Drive.

» Input Signals setting p »

~Input Signals
Signal activ
condition
® High
O Low

il e e A

O Low
Lz e e il e il

O low
O High
(]

Home Proximity Input - Port Selec v
Low

WMonfior it T-PortSekaion iy @ Hiah
@ Low

MomorTrpat? - PartSelecionh ] @ Hioh

@ Low

s R T Tersea ] © Hiah
@ Low

el BEhTnput 2= PortSelea v @ High
® Low

Return to Factory Setting

Back to Portal

Set output signals if necessary and transfer the settings to the Servo Drive.

Click the Finish Button.
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I 3.6. Operation Check of the STO Function

72

Execute the $8$ command from the Terminal of the Power PMAC IDE to restart the
CK5M.

Terminal

After the restart of the Controller is completed, press the safety reset button.

r.ﬁ

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

o .

After about three seconds, check that the Servomotor rotates at about 1,200 r/min.

Press the Emergency Stop Pushbutton Switch.

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

|
i

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

r.v

Check that the STO is released and that the 7-segment LED display initially shows “--"
and then immediately changes to 'oE.".

o -,

Note: If the LED display does not change to ‘oE.’, press the safety reset button again.




4. Adding Safety Functions

This section describes how to add safety functions to the servo system that you built in 3. Performing

Setup.
Refer to the section of the safety function to add.

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

This section describes how to add the SS1 function to the project that you created in 3. Performing
Setup.

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

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

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

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

H System Configuration

1. Error clear button
2. Safety Key Selector Switch

i — I 3. Safety-door Switch

4. Emergency Stop Pushbutton Switch

Programmable Multi-axis Motion Controller
CK5M CPU Unit

5. Safety reset button

AC Servo Drive

AC Servomotor EtherCAT Coupler

Additional /0 Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Digital Input Unit
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Input device State Operation
1. Error clear button ON Enable error reset command
OFF Disable error reset command
2. Safety Key Normal Set the Servomotor to normal velocity.
Selector Switch operating
mode
Safety Make Servomotor decelerate to a stop and activate STO
active mode | function using SS1 function.
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

H Operation of SS1 Function Interlocked with Motion Control
When the Servo ON command is enabled, the Servo Drive turns ON the Servo.
When an operation command is enabled, the command velocity to the Servomotor is

1.
2.

74

1,200 r/min.

The standard controller lets the Servomotor decelerate to a stop.
When the SS1 function is executed, the Servo Drive shifts to the STO state after the wait time
(SS1 time to STO 1) and turns OFF torque.

Velocity
H1200[F/MIN]  eopremmessemse e
-
1300ms
ServoON/OFF
@Standard Controller ServoOFF ServoON 1 ServoOFF
Operation Command
?@Safety Controller PCMD OFF PCMD ON | PCMD OFF
S5S1 Command ]
@Safety Controller Reset 551 Active 351
SS1 Command(Status)
@Servo Drive Normal Status |SS1Status | Normal Status
STO Command( Status) Normal Status STO Status

@Servo Drive




41.1.

Setting the Safety Controller

Click new_SafetyCPUO.

-new_Controller_d g I

new Controller 0

SatetyCPUC
W S5 FTherL L

Multiview Explorer
| new_SafetyCPUO ~

A4 Configurations and Setup

Check the Active Check Box for function No.1 and assign SS1 instance1 to
function No.8.

Next, click the Button to display the SS1 Detailed Settings view.
You can also use the [ Button to display the SS1 Detailed Settings view.

3 | Active | Safety Functions Details Command
10

Error Ack Error Ack Error

551 instancel e 551 command1 Active

Set SS1 parameters.
In this Guide, set as follows:
Name Value Unit

SS1 time to STO 1 1,500 ms

§51 instance Manual

¥ Instance Settings

| Name Unit | Reference Information

oD ! Valie 1
[sesto1 _ [sstmetosior [l s

¥ Timing Chart
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Open the 1/0 Map and create device variables by right-clicking the port to set and

clicking Create Device Variable from the menu.

Port

Variable name

SS1 command1 Active for RB8D-1SNO1L-
ECT-51

E001_SS1 _command1_Active

SS1 command1 for R88D-1SNO1L-ECT-51

E001_SS1_command1

EtherCAT | Master

¥ R88D-1SNOTL-ECT-51
¥ Safety Inputs
STO Active SAFEBOOL
Error SAFEBOOL
81 command Active SAFEBOOL

E001_5TO_Active lobal Variables
0o o)
E001_551_command_Active

lobal Variables
lobal Variables

Not Assigned Bit 09 SAFEBOOL

Not Assigned Bit 10 SAFEBOOL

Not Assigned Bit 11 SAFEBOOL

Not Assigned Bit 12 SAFEBOOL

Not Assigned Bit 13 SAFEBOOL

i\ Not Assigned Bit 14 SAFEBOOL
Safety Connection Status SAFEBOOL
¥ Safety Outputs
51O SAFEBOOL
$51 command 1 W SAFEBOOL

Error Ack SAFEBOOL
Mot Ao o o oo " I a2Tata)

007 _Satety_Connection_Status| (Global Variables

lobal Variables

lobal Variables
lobal Variables
T

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

1

0C_Resetiignal O
| 0C_ResetSignal

5T_ResetSignal

t#350ms |ResetPulseI-Iidt,h

ErrorClearFromfls

RezsetiignalFronll

HOT

L

EO01_Error

E001_%Safety Connection Stat

SF_EmergencyStop_0
| SF_EmergencyStop
Aotivate Ready —

TRUE

SI_E_Stop 5_EStopln 5_EStoplut

FALSE ‘S_StartReset. Error —

FALSE

5_AutoReset DiagCode —
5I_Reset3ignal_0Out *‘Re set

Rezet ResetSignal_Out ——3I_Reset3ignal_Out

T

‘ & E00Ll_Status
us

SI_E dtop_Out




Set the inputs for the
STO function here.

N3_Safety Connection_dtatus
31_Dooriwicch

SI_Doorfwitch

t#ls

FALL3E

FALSE

SI_Resetdignal_Out

5I_E_Stop_Out

SI_Dooriwitch_Out

E001_STO_Inl ‘ &
TRIE

5F_GuardMonitoring 0
| SF_GuardMonitoring
Activate

Ready —

5_Guardiwitchl 5_GuardMonitoring

5_Guardiwitcha Error—

DiscrepancyTine DiagCode —

5_StartReset

S_AutoReset

Feset

‘ & E00L_STO_Inl

E001_$TO_Inl_ ALL

SI_Doordwitch_Out

SF_ModeSelector_0

N3_Safety Connection_Status

SI_KeySelectorSwitchl

SI_KeySelectorSwitchz i
TRUE |

FALSE

TRUE
t#is

5I_Resetdignal_Out

SF_ModeSelector |
Activate 5_ModeOSel

5_ModelSel - SSlActive Sto

5_detMode

AutosetMode

HodeMonitorTine

Reset

RuniMode

pMode

0C_SF_S51_0

0C_SF_SS1
ED0Ll_Status Activate Ready
5_%951_Command

EODD.

ED

1_STO_Inl_ALL {5 STO_In 5_STO0_Command

01_STO_Actiwve

‘S_Ssl_ln
ES_STU_Stata

— EQ0D1_551 coumandl

EQOD1_STO

E001_Safety Connection_Status
ResetdignalFromlx

C#350ms

0C_5F_ResetSaferyErrar 0

0C_SF ResetSafetyError
Activate Ready —
Reset Errarick
|REsEtPulsEHidth

E001_Error Ack

Since the SF_EDM function block is deleted, right-click the internal variable

SF_EDM 0 and select Delete to delete it.

Internals

Extemals | ErETemC

Name | DataType
SAFEBOOL FALSE

| Initial Value | C4

SF_GuardMonitoring 0 | SF_GuardMonitori...

SAFEEOOL FALSE

SAFEBOOL FALSE
— —

Copy

SF_NModegele
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Execute Transfer to Coupler to transfer the settings.

Multiview Explorer

new_Controller 0 v

Offline

[ 4 Prograrmming

Note: Refer to Transfer of Settings and Projects for details on the procedure.

10.

Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0

o Cnmbenllas

I
Click the DEBUG Mode Button to start DEBUG mode.

. Start Debuggmg .

Click the Safety Validation Button.

" L
Safety Validation




The safety application is now ready to run.

Safety Validation

Safety CPU Unit will start in RUN mode on next startup

Click the RUN Mode Button.

11.

Multiview Explorer

-1
new_Controller ( | ‘ |

b4 Configurations and Setup

Expand All
Collapse All

Import Slave Settings and Insert New Slave

Display ESI Library

Export Configuration Information
Outout to FNS File

Export All Couplers' /0 Allocations

Assign Drives to Axes
Safety Related PDOs Batch Setting

Note: Refer to Export Procedure for the Safety Configuration File for details on the

procedure.
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Setup of the CK5M

Execute Scan EtherCAT Network to scan the current configuration.
[ CK3M_StartupGuide_551_Sample

4 Systemn
[ CFU
Hardware
F] EtherCAT

4 & Masterd

4[] slave 1001 [RESD-1SNOIL-ECT-51] (1001)
201 Module 1 {FSoE-5LS)
4 [ Slave 1002 [NX-ECC203] (10028)
@ 001 Module 1 (MX-PFOB3)
B 002 Module 2 (MX-5L3500)
B 202 Maodule 3 (ME-SID30D)
B 994 Maodule 4 (1-1D5242)

Motors
Coordinate Systems
2 Encoder

Note: Refer to Confiquring EtherCAT Master Communications in section 3.4.3 for
details on the procedure.

Open the Distributed Clocks Tab Page for MasterO (Deactivated) and select the Bus
Shift (Reference Clock controlled by EtherCAT Master Time) option for Clock
Adjustment.

0 [Deactivated) & > Slave 1001 [ MOTL-ECT-51] (1001}

Device Editar

| Master " Topology View || Pracess Data Image " Vatiables || Advanced Options " Slaveto Slave | Distributed Clocks | Tasks + Syne Units
Reference Clock
Name Slave_1001 [REED-1SMATL-ECT-51] (1001}

Clock Adjustment
() Master Shift (EtherCAT Master Time controlled by Reference Clock) or

Link Layer (Reference Clock contralled by Link Layer)

I (®) Bus Shift (Reference Clock controlled by EtherCAT Master Time) I

External Mode (Reference Clock controlled by External Sync Device)

Note: Refer to Configuring Distributed Clock Settings in section 3.4.3 for details on the
procedure.

Open Slave_1001 [R88D-1SNO1L-ECT-51] (1001) and Slave_1002 [NX-
ECC203](1002) from the Solution Explorer and display the Distributed Clock Tab Page.
Set Operation Mode to DC for synchronization.

Slave_1001 [REE0-1SMOIL-ECT-51] (1001 = > [ o
Device Editor @& o-alr -
[ eneral | Modules | PDO Mapping | Variables | Advanced Optian| Distributed Clock _|nit Cammands | Co Object:Dictionary | Sync Units| Search Solution Explarer (Ctrl+) p-
Distributed Clock [ CKSM_Startlphuide Sampled
peration Mode | BC far synchranization v\l ‘. SYSEEPTJ
e UnTE Cyelz (03] 21 system
Overwrite Mode o Hardware
4 o EtherCAT
Sync Units 2 i
Sync Uit 4 [ Slave 1001 [REB?-IWFSESLL-E)CT-511 11001
Cycle Time 2 B Slave 1003 [NX-ECC203) {1003)
& Sync Unit Cycle « 1000 us TTae T TR
User defined 1000 B 002 Module 2 {MX-SL3500)
B 093 Module 2 (MX-SID600
Shift Time fus) B 094 Module 4 (NX-1D5342)
Sync Unit 1 Motars
oycleTime Coordinate Systems
b1 Encoder
Sync Unit Cycle «1 dus N ——
Syncd Gyele «1 dus b Clanguage
User defined b Configuration
b Documentation
Shift Time fus) b = Log
b BMAC Script Language




Decompress the zip file exported from the Sysmac Studio (see 4.1.1 Setting the Safety

Controller), import SlaveMemoryMap.xml from the folder, and configure the PDO to
open it.

Solution Explarer -1
@ o p -
Search Salution Explorer (Ctrl+:)
4 System
13 CcPU
Hardware
4 EtherCAT

Scan EtherCAT Netwark

4 [ Slave_1001 [R88D-1SNOTL-ECT-51] (1901)
Load Mapping to Power PMAC || 901 Module 1 (FSoE-SLS)
Activate EtherCAT 4 B Slave_ 1002 [NX-ECC203] (1002)
———— H 291 Module T (NX-PFOG30)
B 202 Module 2 (NX-SL3500)

Append Slave B 992 Module 2 {HX-SID300)
Paste Slave B 904 Module 4 (NX-1D5342)
Edit Topalogy Motors.
Eqpan Al b Coordinate System:

5 Encoder
Collapse All ol
Show Master Status Clanguage
Watch EtherCAT Mapped Variables Configuration
Network Mismatch Analyzer Documentation

Log

Line Crossed Analyzer PMAC Seript Langusge

Configuration Made
Diagnosis Mode

EoF Endpoint Configuration
Import PDO from Sysmac file

Import SRA Parameter from Sysmar file

Masterd
Imnport Slaves from ENI

Load Mapping to Power PMAC from ENI
Export ENI File

name of the file or folder

Note: Refer to Configuring PDO Map Settings in section 3.4.3 for details on the procedure.

Import CouplerMemoryMap.xml from the folder decompressed in step 4, and set up

the safety controller.

¥0x1701) 01704 4 [ Slave 1002 [NX-ECC203] [1002)

E 91 Madule 1 {MX-PFIG3
202 Module 2 [MX 3ib)]

Ilmpor‘t Sysmac Studio Safety mapping file 003 Module 2 (MX-SIDEXD
e Dpen 204 Module 4 [MX-1D5342)

y 051701 231705

Scope to This te Systems

Mew Solution Explorer View

A Properties Alt+Enter
| l ¥ \.'Lﬂ||5uﬂ5c

Note: Refer to Setting the Safety Controller in section 3.4.3 for details on the procedure.

Import SraParameterList.xml from the folder decompressed in step 4, and set the SRA

parameters.

4 System
Comment Access b CPU
Hardware
4 EtherCAT
clear sm plos [0x1C13) RO &
Scan EtherCAT Network we 1001 [REE0-1SMIL-ECT-31] (1001)
Lazd Mapping to Power FRAAC ve_ 1002 [NX-ECC203] (1002)
D0 Module 1 {NX-PF630

clear sm pos [0=1C12) RO

Arctivate EtherCAT
002 Maodule 2 (MNX-5L35000

s = EAT 202 Module 2 {N¥-SID600)
Append Slave 204 Module 4 (NX-ID524D)
Paste Slave

Edit Topology & Systems

Expand Al
Collapse Al

Show Master Status "

Watch EtherCAT Mapped Variables

on

Metwark Mismatch Analyzer Language
Ling Crossed Analyzer

Configuration Made

Disgnasis Made

Enable Cable Redundancy
Eof Endpaint Configuration rEr—r= .

Irnport PRO from Sysmac file
=

| Impart SRA Parameter from Sysmac file |

Import Slaves fram ENI Master0 (Deactivated) -
Losd Mapping to Power PMAC from ENI

Expart ENI File:

Note: Refer to Setting the SRA Parameters in section 3.4.3 for details on the procedure.
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Create an EtherCAT network configuration file.

Solution Explorer * 0
W o-ap -
Search Solution Explorer [Ctrl+:) yel

[ CKSM_Startuplauide_Sample02

4 System
b CPU
Hardware
4 EtherCAT
b ster] (Deactivated)
- Scan EtherCAT Metwork Slave_ 1001 [REED-1SMOTL-ECT-51] (1001)
I Load Mapping to Power PMAC I . 001 Module 1 [FS0E-5LS)

Slave 1002 [MX-ECC203] (1002
H 201 Maodule 1 {NX-PFOE30)
B 902 Madule 2 [MX-SL3500)

Ao B AfT RAD T AR CIminm

Note: Refer to Creating an EtherCAT Network Configuration File in section 3.4.3 for
details on the procedure.

Activate EtherCAT
Reset EtherCAT

Set up the Servomotor.
Follow the same procedure as in section 3.4.4 Setting Axis Variables to set axis

variables.

Modify the operation program. Add the following codes to plc1.plc.
The codes shown in the red frame below are added or modified from the program that
you created in 3.4.5 Creating an Operation Program.

/*For more information see notes.txt in the Documentation folder */

global moveSequence = 0; /[for plc1 Sequence

global isResetButton = false; /ICheck if the reset button is pressed

global STOCommand = true; /Isto command(true:Deactivate)

global STOStatus = false; /[sto command(false:Deactivate)
|global SS1Status = false; /Iss1 command(false:Deactivate) |

open plc 1

while(sys.ecatMasterReady==0){};
isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;
STOCommand = (Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_130_MirrorSafetycontrolword & 1);

STOStatus = (Slave 1001 _R88D_1SNO1L_ECT 51 1001 4130 131 MirrorSafetystatusword & 1);
SS1Status = ((Slave_1001_R88D_1SNO1L_ECT 51_1001_4130_131_MirrorSafetystatusword>>8)&1);

switch(moveSequence)
{
case 0://Setting
//IEtherCAT Enabled

ECAT[0].Enable=true;

/IPositive/Negative torque limit value set to 30%
Slave_1001_R88D_1SNO1L_ECT_51_1001_60E0_0_Positivetorquelimitvalue = 300;
Slave_1001_R88D_1SNO1L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;
Ldata.motor = 1;

moveSequence = 1;

break;

case 1://Check if the reset button is pressed.
if(isResetButton == 1)
{
moveSequence = 2;

}

break;




case 2: //servo ON
jog/; //servo ON & Full closed loop setting

[lwait 3sec
P1000 = Sys.Time+3;
while(P1000>Sys.Time){};

moveSequence = 3;
break;

case 3: //ckeck the servo ON & STO deactivate
if(Motor[1].AmpEna == true && STOStatus == false)
{

if(SS1Status == true)
{
jog/; //stop motor(Orpm)
}
else
{
Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms
jog+; //move motor(1200rpm)
}
}
else
{
kill;//servo OFF
moveSequence = 1; //Start over from sequence1
}
break;
default:
moveSequence = 0;
break;

}

/IDetection of rising error switch

Slave_1002_NX_ECC203_1002_7002_1_EO002Slot2ErrorClearFromNX =
Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;

close

10. | Add the following code to the end of the program in the programming area of the
pp_startup.txt Tab Page.
enable plc 1;
11. | Download the created project to the Controller.

Note: Refer to 3.4.6 Downloading the Project and Checking the Operation for details
on the procedure.

83




41.3.

84

Checking Operation of the SS1 Function

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

Execute the $8$ command from the Terminal of the Power PMAC IDE to restart the
CK5M.

Terminal

UL

After the restart of the Controller is completed, press the safety reset button.

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

o .

After about three seconds, check that the Servomotor rotates at about 1,200 r/min.

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

I SAFETYACTIVE RUN

The Servomotor decelerates to a stop and the Servo Drive goes into STO state.
Check that the 7-segment LED display shows ‘st’.

U
-




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

This section describes how to add the SLS function to the project that you 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 changes the velocity command value to low speed. The Servo Drive activates the SLS
function and monitors the motor velocity.

When the guard with the Safety-door Switch is opened while the SLS 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.

H System Configuration

Programmable Multi-axis Motion Controller
CK5M CPU Unit

1. Error clear button )
2. Safety Key Selector Switch

3. Safety-door Switch

4. Emergency Stop Pushbutton Switch

5. Safety reset button

17(.9

AC Servo Drive

AC Servomotor EtherCAT Coupler

Additional I/0 Power Supply Unit
NX-series Safety CPU Unit
NX-series Safety Input Unit
Digital Input Unit
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Input device State Operation
. Error clear ON Enable error reset command
button OFF Disable error reset command
2. Safety Key Normal Run Servomotor at 1200 [r/min] and deactivate SLS
Selector Switch operating | function.
mode
Safety Run Servomotor at 300 [r/min] and activate SLS function.
active mode | When velocity exceeds SLS velocity limit, Servo Drive goes
into STO state and SLS Excessive Limit Value Error occurs.
3. Safety-door Open SLS function deactivated: Enable STO command
Switch SLS function activated: Disable STO command
Close Disable STO command
4. Emergency Stop ON Enable STO command
Pushbutton OFF Disable STO command
Switch
5. Safety reset ON Enable reset STO status command
button OFF Disable reset STO status command

H Operation of SLS Function with Motion Control

1.
2.

86

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

1,200 r/min.

When the SLS function is executed, the Servo Drive shifts to the SLS state after the wait time

(SLS time to velocity monitoring 1) and monitors the motor velocity.

The standard controller sets the command velocity to the Servomotor to 300 r/min.
When the SLS function is released, the Servo Drive goes into the normal state and stops
monitoring the motor velocity.
The standard controller sets the command velocity to the Servomotor to 1,200 r/min.

+1200[r/min]

+300[r/min]

SLS Command
@Safety CPU Unit

Velocity

SLS time to velocity monitoring

TN

Servo ON/OFF
@Standard CPU Unit Servo OFF |

Operation Command
@ Standard CPU Unit

i .
[ I 1
N /
| N '
0 / : i SLS Velocity !
E : Limit |
1 | 1
] J +
1 | 1
1 | 1
1 1 1
! | i
Servo ON | :
! : !
Disable | Cammand Enable i
! | !
. 1 1
Reset SLS | Activate SLS|
1
]

SLS (Status)
@Servo Drive

Normal Status

Reset 5L5

SLS Status

Normal Status




IE' Precautions for Correct Use

* When using the SLS function, depending on the operation conditions or operating
environment in which it is used, an error may occur during normal operation.
For further details, refer to 8-4 Safely-limited Speed (SLS) Function in the 1S-series AC
Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety
Sub-Functions User's Manual (Cat. No. 1696).
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4.2.1. Setting the Safety Controller

1. Click new_SafetyCPUO.

Anew_Controller_Or v

“new Controller 0

Unit
Un

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

Multiview Explorer

new_SafetyCPUO v

A4 C

Command

Error

“- ! SLS instancel
9

Not Assigned v

4. Click the E& Button to display the SLS Detailed Settings view.
You can also use the [ IEENE Button to display the SLS Detailed Settings view.

Error Ack

d
4
5
-]
T
a8

S5L5 instancel i ymmand1 Active
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Set SLS parameters.

In this Guide, set as follows:

Name Value

Unit

SLS time to velocity 2,000
monitoring 1

ms

SLS velocity limit 1 500

Error Detection Activate Activate
In SLS Deactivate

SRA Paramaters X
SLS

SLS instancel

¥ Instance Settings
oD | Name |

6691.01 SLS time to velocity monitoring 1 2000

| Reference Information |

6693.01 SLS velocity limit 1 500
4F16.01 Error Detection Activate In SLS Deactivate (SL [T Activate

¥ Timing Chart

r/min

Open the I/0O Map and create device variables by right-clicking the port to set and

clicking Create Device Variable from the menu.

Port

Variable name

SLS command1 Active for R88D-1SNO1L-
ECT-51

E001_SLS_command1_Active

v

>

SLS command1 for R88D-1SNO1L-ECT-51

Configurations and Setup " EtherCAT Master
v ons Nodel ¥ R83D-1SNO1L-ECT-51

STO Active SAFEBOOL
Error SAFEBOOL
5LS command 1 Active SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL
SAFEBOOL

Programming

SAFEBOOL
Safety Connection Status. SAFEBOOL
¥ Safety Outputs
sTO SAFEBOOL
551 command1 SAFEBOOL

| i SAFEBOOL
i Errmr Arl SAEERAOI

SLS command 1 SAFEBOOL
Mot Assigned Bit 09 SAFEBOOL

E001_SLS_command1

E001_STO_Active lobal Varizbles
00T Eror Emm\ Variables
[E001_SLS_command1_Active

lobal Variables

E001_Safety_Connection_Status| lobal Variables

E001_STO lobal Variables

00l Euocl obal Variables
E001_SL5_command] lobal Variables (il
| |
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Create a safety program.
Add the following code to AutoProgram1.

OC Resetiignal 0

SI_FResetiignal

Rezet

0C_ResetSignal

Resetiignal_ (ut

t#350na |ResetPulsEIﬂ1dth

ErrorClearFromld

HOT

EO0L_Error

[

Reset3ignalFronll

——&I_Resetiignal_Out

E001_Safety Connection_status

SF_Emergency3top_0

& EODL_Status

| SF_EmergencyStop
TRIE Activate Ready — 3I_E Stop Out
3IE dtop 5 EStoplIn 3_EStoplut
FALSE ‘S_StartReset, Error—
FALSE ‘S_AuwReset, DiagCode —
5I_ResetSignal_Out *‘Resa t

SF_GuardMonitoring O

‘ SF_GuardMonitoring
Activate

TERUE Feady — %I Doordwitch Out

SI_DoorSwitch ‘S_GuatdSmi:chl 5_GuardMonitoring

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

5I_Doordwitch 5_Guardivitcha Error —

t#ls DiscrepancyTime DiagCode —

FALSE ‘S_StattReset.
FALSE 5_AutoReset

Reset

SI_ResetSignal_Out

/\activated.

6 /

5F ModeSelector O
SF_ModeSelector

N3_%afety Connection_Status Activate 5_ModeDfel Funtode
5I Keyselectordwitchl 5_ModeO 5 _Modeldel - MaintenanceMode
SI_EeySelectorSwitch ‘S_Hndsl

TERUE ‘S_Unlu ck
FALSE ‘Sisetﬁude
TRUE AutofetMode
iz HodeMonitorTine
SI_ResetSignal_Out Reset

SF _SafetyRequest 0

SF_SafetyRerquest
Actiwvate Ready —

HoOT |

RunMode EQ0L_Status 5L _Actiwve

5_OpMode 5_Safetyhcrive

E00L_$L%_commandl_Active

t#3000ns — MonitoringTime
$I_Reset$ignal_Dut «‘Rasec

8 Acknowledge §_SafetyRequest | E00L_SL%_commandl

Error—

DiagCode —




11

e w

E00L_STO_Inl

AHD
SI_Dooriwitch
- | >1 ‘ &
GLE_Active | JI_E_itop_Out |
AHD
& EQ0L_5T0_In &LL

E00L STO_Inl ‘

TEUE

SF_EDM 0
| SF_EDM
ED0l_Status Activate Ready—
E001_STO_In ALL ‘S_Dutt ontrol 5_EDM_Out
E0D1_STO_Actiwve 5_EDM1 Error —
EDDL_STO_Actiwve 5_EDM2 DiagCode —

t#300m=
TRUE 5_StartReset
GF_EDM_0O_Reset ﬂlRe Zet

OC_SF_ResetiafetyError_0

MonitoringTime

0C_SF_ResetSafetyError
E0D1_Safety Connection_Status hotivate Ready —
ResetiignalFronlld Resget Errorick
t#350ns= |Reset.PulseUidt,h

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

J

The motor torque is turned
OFF when the Emergency
Stop Pushbutton is
pressed.

E00

J

EO0L_Error ack

Execute Transfer to Coupler to transfer the settings.

Multiview Explorer

new_Controller 0 v

v

-1

Configurations and Setup

Offline

(4 Prograrmming

Note: Refer to Transfer of Settings and Projects for details on the procedure.
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Download the safety application.
Select new_SafetyCPUO from the list.

new_Controller_0

S
L

Click the DEBUG Mode Button to start DEBUG mode.
_
. Staﬂ Debuggmg .

Click the Safety Validation Button.

’ L
Safety Validation

The safety application is now ready to run.

Safety Validation

Safety CPU Unit will start in RUN mode on next startup

Click the RUN Mode Button.

RUMN Mode




10.

Execute Export All Couplers' I/O Allocations.

Multiview Explorer ~ 1
‘ l ‘ Node Address|Network configuration

new_Cantroller 0 v

A} Configurations and Setup

v &

Expand All
Collapse All

Import Slave Settings and Insert New Slave

> EETITR—— Cler Al setings

Display ESI Library

Export Configuration Information
‘Qutput to ENS File

Export All Couplers' I/ Allocations

Assign Drives to Axes
Safety Related PDOs Batch Setting

Note: Refer to Export Procedure for the Safety Configuration File for details on the
procedure.
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Setup of the CK5M

Execute Scan EtherCAT Network to scan the current configuration.
[ CKSM_StartupGuide 551_Sample

4 Systemn
[ CRU
Hardware

F] EtherCAT
42 Wasterd

Slave 1001 [REED-1SMML-ECT-51] (1007}

001 Maodule 7 (FSoE-SLS)

4 [B Slave 1002 [MX-ECC203] (1002
B 991 Module 1 [NX-PFIG0)
B 202 Module 2 [NX-SL3500)
B 202 Module 3 [NX-SIDS)
B 904 Module 4 [NX-ID5342)

Motars

Coordinate Systerms

2 Encoder

Note: Refer to Configuring EtherCAT Master Communications in section 3.4.3 for

details on the procedure.

Open the Distributed Clocks Tab Page for Master0O (Deactivated) and select the Bus Shift
(Reference Clock controlled by EtherCAT Master Time) option for Clock Adjustment.

0 [Deactivated) & > Slave 1001 [ MOTL-ECT-51] (1001}

Device Editar

| Master " Topology View || Pracess Data Image " Vatiables || Advanced Options " Slaveto Sla\.'el Distributed Clocks |Tasks + Sync Units
Reference Clock
Name Slave_1001 [REED-1SMATL-ECT-51] (1001}

Clock Adjustment
() Master Shift (EtherCAT Master Time controlled by Reference Clock) or

Link Layer (Reference Clock contralled by Link Layer)

I (®) Bus Shift (Reference Clock controlled by EtherCAT Master Time) I

External Mode (Reference Clock controlled by External Sync Device)

Note: Refer to Configuring Distributed Clock Settings in section 3.4.3 for details on the
procedure.

Open Slave_1001 [R88D-1SNO1L-ECT-51] (1001) and Slave_1002 [NX-
ECC203](1002) from the Solution Explorer and display the Distributed Clock Tab Page.
Set Operation Mode to DC for synchronization.

Slave_1001 [REED-1SNOTL-ECT-51] (1001 = > [N @
Device Editor @& o-alr -
| General | Mudules | PDO Mapping | Variables | Advanced Qptions| Distributed Clock Jinit Commands | Cof Object-Dictionary | Sync Units | Search Solution Explarer (Ctri+:) p-
Distyibuted Clock [ CKSM_StartUpGuide Sampled1
peration Mode | BC far synchranization v\l 4 = System
— PR
Syne Unit Cyele [us) o0 21 system
Overwrite Mode =] Hardware
4 o EtherCAT
Syne Units g

4 [ Slave 1001 [RBED-1SMO1L-ECT-51] (1001)

001 Module 1 (FSoE-SLS)

2L il
CycleTime 4 [ Slave 1002 [MX-ECC207) (1003)
® Sync Unit Cycle «1 100 us 001 Module 1 (MNX-PFDAIN

User defined 1000 B 002 Maodule 2 (NX-5L3500)
B 003 Module 2 (NX-SIDEXY)

Sync Unit @

Shift Time fus) B 094 Module 4 (NX-1D5342)
Sync Unit 1 Motars
CyeleTime Coordinate Systems
b1 Encoder
Syne Unit Cycle 1 Dus N
Sync @ Cycle x1 aus b Clanguage
User defined b1 Configurstion
b Documentstion
Shift Time (ush b Log
b PMAC Seript Language




Decompress the zip file exported from the Sysmac Studio (see 4.2.1 Setting the Safety
Controller), import SlaveMemoryMap.xml from the folder, and configure the PDO to

open it.

Solution Explorer =
@lo-a|r-=

Search Solution Explorer (Cirl+:)

4 ol System
b cru

Hardware

4 erCA

Semmo EEnET R smer <1001 [RBBD-1SNOTL-ECT-51] (1901)
Load Wapping to Pawer PMAC [/ 001 Module 1{FSoE-SLS)

Activate EtherCAT 4 [ Slave 1002 [NX-ECC20] (1902)

091 Module 1 (NX-PFOB30)

Reset EtherCAT
B 092 Module 2 (NX-5L3500)

Lyl e B 093 Module 3 (NX-SIDB0D)
Paste Slave B 00 Module 4 (HiC-1D5342)
Edit Topology Wiotors
Expand Al > 1 Coordinate Systems

5 1 Encoder
Callapse All Tools
Show Master Status Clanguage
Watch EtherCAT Mapped Variables Configuration

Metwark Mismatch Analyzer Documentation

Line Crossed Analyzer LrD\AgAc Seript Language
Canfiguration Wode
Diagnosis Mode Erties - 4
Eok Endpoint Configuration terd File Properties
s
Import SR Parameter from Sysmac file e Name Wiasterd
Import Slaves fram ENI Hame

Load WMapping to Pawer PMAC fram EMI name of the file or folder

Expart ENI File

Note: Refer to Configuring PDO Map Settings in section 3.4.3 for details on the procedure.

Import CouplerMemoryMap.xml from the folder decompressed in step 4, and set up
the safety controller.

¥ Q1701 01704 4 [ Slave 1002 [NX-ECCZ03] (1002)
y a1 701 Qx1705 @ 991 Module 1 (MNX-PFIA3

002 Module 2 [MX-5L2500)

Ilmport Sysmac Studio Safety mapping file 03 Madule 3 [MX-SIDEXD

e o 004 Module 4 [MX-ID534%)

Scopeto This te Systems

Mew Solution Explorer View

#  Properties Alt+Enter
B B T EE e

Note: Refer to Setting the Safety Controller in section 3.4.3 for details on the procedure.

Import SraParameterList.xml from the folder decompressed in step 4, and set the SRA
parameters.

4 System
Comment Arcess b cru
Hardware

clear sm pdos [0x1C12) RO
4 EtherCAT
&

clear sm pdos [0x1C13) RO
Sean EtherCAT Network ve_1001 [RE5D-15NGTL-ECT-51] (1907)
Load Mapping to Power PMAC e 1002 [NX-ECCZ03] (1002)
Ativate EthorCAT 201 Module 1 (HX-PROEI0)
902 Module 2 (HX-SL2500)
RGN 202 Module 3 (NE-SIDEO0)
Append Slave 904 Module 4 (NE-ID542)
Paste Slave
Edit Tapology = Systems
Expand Al
Callapse All

Shoe Waster Status "
Watch EtherCAT Mapped Yariahles

Metwork Mismatch Analyzer Language

on

Line Crossed Analyzer
Configuration Maode
Diagnosis Made

EnE End| it Confi it
oF Endpoint Configuration ) File Properties .

Import PDO from Sysmac file
I Import SRA Parameter from Sysmac file I
Import Slaves from ENI Masterd (Deactivated) -

Load Mapping to Power PMAC from ENI
Export EMI File

L3

Note: Refer to Setting the SRA Parameters in section 3.4.3 for details on the procedure.
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Create an EtherCAT network configuration file.

Solution Explorer * 1
@ o-a|lF -

Search Solution Explorer [Crrl+:) el

[ CKSM_StartupGuide_Sample02
4 System
b CPuU
Hardware
4 EtherCAT

\asterl) (Deactivated)
- Scan EtherCAT Metwork Slave_ 1007 [REB0-1SMOTL-ECT-51] (10017

I Load Mapping to Power PMAC I . 001 Module 1 (FS0E-5LE)
FT——— Slave_1002 [NiC-ECC203) [1002)

H 001 Madule 1 (NX-PFO60)
Reset EtherCAT B 002 Module 2 (NX-5L3500)

Ao B ArT A T AR CImnm

Note: Refer to Creating an EtherCAT Network Configuration File in section 3.4.3 for
details on the procedure.

Set up the Servomotor.
Set it in the same way as in 3.4.4 Setting the Axis Variables.

Modify the operation program. Add the following codes to plc1.plc.
The codes shown in the red frame below are added or modified from the program that
you created in 3.4.5 Creating an Operation Program.

/*For more information see notes.txt in the Documentation folder */

global moveSequence = 0; [[for plc1 Sequence
|global SLSSequence = 0; /ISLS Sequence

global isResetButton = talse; /ICheck If the reset button Is pressed

global STOCommand = true; /Isto command(true:Deactivate)
|global SLSCommand = true; /Isls command(true:Deactivate) |
global STOStatus = false; /Isto command(false:Deactivate)
|g|oba| SLSStatus = false; /Iss1 command(false:Deactivate) |
open plc 1

while(sys.ecatMasterReady==0)};

isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;
STOCommand = (Slave_1001_R88D_1SNO1L_ECT _51_1001_4130_130_MirrorSafetycontrolword & 1);
|SLSCommand = ((Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_130_MirrorSafetycontrolword>>8)&1); |
STOStatus = (Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_131_MirrorSafetystatusword & 1);
|SLSStatus = ((Slave_1001_R88D_1SNO1L_ECT_51_1001_4130_131_MirrorSafetystatusword>>8)&1);|

switch(moveSequence)
{
case 0://Setting

/I[EtherCAT Enabled
ECAT[0].Enable=true;
/[Positive/Negative torque limit value set to 30%
Slave_1001_R88D_1SNO1L_ECT_51_1001_60EOQ_0_Positivetorquelimitvalue = 300;
Slave_1001_R88D_1SNO1L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;
Ldata.motor = 1;
moveSequence = 1;
break;

case 1://Check if the reset button is pressed.
if(isResetButton == 1)
{

moveSequence = 2;

}

break;




case 2: //servo ON
jog/; //servo ON & Full closed loop setting

[lwait 3sec
P1000 = Sys.Time+3;
while(P1000>Sys.Time){};

moveSequence = 3;
break;

case 3: //ckeck the servo ON & STO deactivate
if(Motor[1].AmpEna == true && STOStatus == false)
{

if(SLSCommand == false || SLSStatus == true)
{
switch(SLSSequence)
{
case 0:
jogl;  Illservo OFF Once
SLSSequence = 1;
break;
case 1:
Motor[1].JogSpeed=300/60*(1<<23)/1000//Jog velocity per ms
jog+; //move motor(300rpm)
break;
}
}
else
{
Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms
jog+; //move motor(1200rpm)
SLSSequence = 0;
}
}
else
{
kill;//servo OFF
moveSequence = 1; //Start over from sequence1
}
break;
default:
moveSequence = 0;
break;

}

/lerror clear switch

Slave_1002_NX_ECC203_1002_7002_1_EO002Slot2ErrorClearFromNX =
Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;

close

10. | Add the following code to the end of the program in the programming area of the
pp_startup.txt Tab Page.
enable plc 1;
11. | Download the created project to the Controller.

Note: Refer to 3.4.6 Downloading the Project and Checking the Operation for details

on the procedure.
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Checking Operation of the SLS Functions

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

SAFETYACTIVE

Execute the $8$ command from the Terminal of the Power PMAC IDE to restart the
CK5M.

< MEGREIN Output

After the restart of the Controller is completed, press the safety reset button.

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

o .

After about three seconds, check that the Servomotor rotates at about 1,200 r/min.

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

| SAFETYACTIVE | RUN

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

_ |

!




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.

Check that the Servomotor rotates at about 1200 r/min.
Check that the 7-segment LED display shows ‘oE.’.

o L.
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Appendices

Test Run and Data Trace, Easy Tuning, Manual Tuning, and Advanced Auto-Tuning in Appendices

are all performed using the Sysmac Studio.

Before you proceed, refer to 3.5.1 Connecting the Servo Drive via CK5M and connect the Sysmac

Studio to the Servo Drive.

Note: Please add the following code to plc1.plc, which is included in the CK5M. The project that you

created in 3.4 or section 4 cannot be used for trial run because it is designed to run the Servomotor

automatically from servo ON.

/*For more information see notes.txt in the Documentation folder */

open plc 1
while(sys.ecatMasterReady==0){};
ECAT[0].Enable=true;
//Positive/Negative torque limit value set to 30%
Slave_1001_R88D_1SNO1L_ECT_51_1001_60EO_0_Positivetorquelimitvalue = 300;
Slave_1001_R88D_1SNO1L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;

close

I Test Run and Data Trace

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

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

Farward = Reverse | ¥
5
Apply
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Click the Servo ON Button to turn ON the Servo.

¥ Test Run

ion putse

Target Spesd

copleration/Deceleration Time ]l m=

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

Multiview Explorer

new_Drve_group 0 v

Specify the enable trigger condition.

DR R LR e LI S MR LT LR N Position Command - Motor Velocity (16 bit) 0 rfmin
Trigger 2 EH No Filter

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

[E002 | Position Command - Motor

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

-710212678 3 e

d -897077931 [N
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I Easy Tuning

Use the following procedure to perform adjustment. It is recommended to perform Easy
Tuning first.

Start Tuning

Y

Auto Tuning?

No
A 4

| Manual Tuning No

(Advanced Setting)

No
Motion OK?
b 4

Easy Tuning

Yes Yes
Use simulation?
No
L 4
Advanced Tune the gain individually
Auto-Tuning from the parameterlist.
Y

Motion OK?
Yes

h 4 ) 4
[ Save to EEPROM ] Please contact us.

Y

Finish Tuning
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Multiview Explorer

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

new_Drive_group 0 ¥
v

Configurations and Setup

L Data
[ Programming

Click the Easy Tuning Button.

Setup and Tuning Portal

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

¥ Quick Parameter Setup and I/C Monitor

Quick Parameter Setup and I/O Monitor
Setup basic parameters quickly and monitor /O signals.

¥ Tuning (Single Drive)
Choose the type of tuning
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.

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

@ The Motion Controller will perform the motion profile

Note: The dwell time between each mavement should be sufficiently adjusted depending on each system
© Sysmac Studio fnot the Motion Controller) will perform a Cyclic Step

irection [Forward > Reverse v

Note: Drive Prohibition function (3B10.01 hex) and Seftware Position Limit function (3811.01 hex) are disabled by defautt.

Step Distanc: ® EEIEEE 2 Command Unit
o EXEIR shatt revolutions

FEEEE pulse
Step Jog Speed rpm
699050066.6667

TS

Reset to default settings

‘¥ Criteria for finishing Auto Tune
Stabilization Time @ Manual

© Best Effort
ms

Vibration detection level 3
Position window Erg] Command Unit

pulse
Responsiveness O F

on tracking @ Focus on overshoot suppre:
Movement interpolation ) Smooth @ Linear

Reset to default settings




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

¢ Criteria for finishing Auto Tune
Stabilization Time @ Manual © Best Effort
*

Vibration detection level

6
Position window GG Command Unit
Y pulse

Responsiveness () Focus on tracking @ Focus on overshoot suppression
Movement interpolation () Smooth @ Linear

Reset to default settings

Pack to Portal < Back Next >

® When you select Manual for the 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 p n 3 B

A\ Click Start button to start tuning.

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

Trial Number [Times]

Stabilization Time [ms]

Easy Tuning has been completed.

1 2 3
=

160
31
0
0.0
21

263

Click the Next Button.

Tuning has been completed successfully.
Stabilization time: 33 ms [target: 50 ms).
The gain and other settings are restored as per trial number 3.
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Click the Start Trace Button. The Servomotor will run, and the traced data will be
displayed in the graph area.

Device Name

Velocity Detection - Present (7l

Position Command - Mator \|lZaT}

Torque demand (16 bif)

Back to Portal

Position Command - FollowirleTuLiEL LRV Tl 03]

Click the Next Button.

ICursor|Minimum|Maximum Average|

0 =1

o
-26

-6303

508 219.83

500 219.78

6 58 15954

1223926 53571

0 360 400
Time (ms)

440 480 520 560

OD: 0x3010.84
OD: 0x6074.00
0OD: 0x3010.92

GEIJ 640

Check the tuning results of the gain parameters.

Click the Save to EEPROM Button to save the gain parameters.

—Related Parameters

= 3012.02

Description

Machine - Inertia Ratio
jon Command Filter - IIR Filter Enable
ion Command Filter - IIR Filter Cutoff Freq
Damping Control - Damping Filter 1 Selection
Damping Control - Damping Filter 2 Selection

= 3013.01
3013.02
= 3013.03
= 3013.04
3013.05
= 3013.08
3013.07

Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 1
Damping Filter 2
Damping Filter

Damping Filter 2
Damping Filter

Damping Filter

Damping Filter 2

—Apply Changes
Save to EEPROM

Save the

Copy Seftings

Back to Portal

- 1st Frequency
- 1st Damping Time Coefficient

- 2nd Frequency

- 2nd Damping Time Coefficient
- 3rd Frequency

- 3rd Damping Time Coefficient

- 4th Frequency

- 4th Damping Time Coefficient
- 1st Frequency

- 1st Damping Time Coefficient

- 2nd Frequency

- 2nd Damping Time Coefficient
- 3rd Frequency

- 3rd Damping Time Coefficient

e drive EEPROM.

Apply current settings to other drive(:

Click the Finish Button.

Firush

0 : Disabled
0: Disabled
3000

3000

¥ | Drive Value ¥ | Detault ¥ | Range ¥ Units

250
1
219
0

0

100

01030000 %
Oto1

1.0 to 50000 Hz
Oto4

Oto4

0.5 to 300.0

50 to 200

0.5 to 300.0

50 to 200

0.5 to 300.0
50to 200

0.5 to 300.0

50 to 200

0.5 to 300.0

50 to 200

0.5 to 300.0

50 to 200

0.5 to 300.0

50 to 200




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.

Multiview Explorer

new_Drive_group 0 ¥
A/ Configurations and Setup
i aup

vi up

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 I/0 Monitor

Quick Parameter Setup and I/O 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. 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.

. | Drve Valae | Detoit. ¥ Range | Units ¥ [Dota At S—
I ||| —
—— P
Acceleration/Deceleration Time

Step Distance B

PEELECErg Command Unit
EYaig] shaft revolutions

301103 Position Command Fifter - IR Filter Enable: oOto1 B puis

301104 Position Command Fifter - IR Filter Cutoff Frequ... 46 100 50000 Hz Number of Cycles

T v o [ @ W @@ W §E

Dwell Time

[
Comment: Sets the ratio of load inertia to motor rotor inertia.
Inertia ratio = (Load inertia + Rotor inertia) x 100%
Motion
Actual Current Position
PP Command Unit
Actual Current Speed
pm

——— e

4 Update drive settings with estimated values before transfer to dive.

Show Block Diagrams | [TDF P ontrol Transfer to Drive
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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.

Multiview Explorer

-1 8
new_Contraller 0 ¥ ‘ ‘ ‘ A

A4 Configurations and Setup

Select Cyclic.

Trace Type S

Post-trigge! Sinale

Bl = Sl

Adjust the sampling interval.

Sampling Interval m Interval us

Adjust the enable trigger condition.

F~E

Enable Trigger Conditi LA S AN Position Command - Motor Velocity (16 bit)

r/min |Me Filter v

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

NOOEE | KOBL- 12N 1L

1| (ST H aE S
[Tt Pramecs om v e Toce MR
Click the Execute Button.

The Sysmac Studio waits for the trigger.

(5 Output 4, Build

Waiting for trigger...

Align the Test Run Window and the Manual Tuning Window horizontally by docking them.

1 I me Name I
EC—
L —
Er— s 4Unit
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» Sz ik i Monitoring
N EEE B is

3 Sampling Interval Interval Total Trace Time ETENEN ms
rigger DataRatio | Enable Trigger Cond Trigger 1 p—"]
164 1474 Trigger 2
|#| op
Name ICursor] Minimum|Maximum Averag
Acceleration/Deceleration T

Step Distance @

Position Command - Motor \JiZT0Y
Torque demand (16 bit) %

Position Command - FollowirJiReTaERr TS
PR Commar
2000
25165824

301103 Position Command Filter - IR Filter Enable Number of Cycles

307104 Positon Command Fier IR FiterCatoffFreq

Dwell Time

esent Motor Velc GY[@ @ Position Command - Motor Veloci @)
(@@ o Toraue demand (1 @[@@ o Position Command - Following Error After Interpolatior g

(oA o oimiminioioio]

Help
Comment: Sets the ratio of load inertia to motor rotor inertia
Inertia ratio = (Load inertia + Rotor inertia) x 100% Motion
Actual Current Position
2063732035 S
Actual Current Speed
pm

Seno ON

Transfer to Drive

Target Speed

rpm
Acceleration/Deceleration Time

50~ g

Step Distance [
25165824 & Command Unit
EX\ il shaft revolutions
Number of Cycles

-

10.

Click the Servo ON Button to turn ON the Servo and then click the Start Button.

Actual Current Position

REIPELTERY Command Unit

Actual Current Speed

I

Servo ON

Be careful because the Servomotor will move in forward and reverse directions.
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11. | Data trace is now triggered, and trace results are displayed.

(S Output 4, Build =1 Output 4 Build

Sampling...

Each time the Servomotor moves, traced data will appear cyclically.

[T > |
el |
SR Somping el [RRE ) ol EEENN
Enal

DataRatic _
Tar ed

164 Trigger 2 |

| Device Name | N | Units [Cursor|Minimum|Maximum|Average X Offset|Y Offset|Y / 69905066.6667 il

- ame
o | thwin o - 06 21981 g i
v . ] i 2178 [ ]
(] i
E 0

& 3 Torque demand (16 bit) % -0, 6. 24765 [
- B3 Position Command - Fol lowifiRCT R LU S B 107708 47149, i)

+

) 0 (1] (1] (] ) () () O

(@@  Velocity Detection - Present Motor Vel @@ * Position Command - Motor Veloci @)
(@@ o Toroue demand (1 GI@@ @ Position Command - Following Error After Interpolatior @) = 301103 Position Command Filter - IIR Filter Enable

= 301104 Position Command Filter - IR Fifter Cutoff Fre
=

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

Servo OFF

G

K Update drive settings with transfer to drive.

Show Block Diagrams Transfer to Drive

4
Time (ms) Back to Portal

12. | Itis possible to change gain values at once by changing the machine rigidity settings.

Marhina Cattinne IF3

Rigidity Responsiveness © Forus on tracking @ Focus on overshoot suppression

Parameters

|®| oo ¥ Description -

’g_

011.03 Position Command Filter - IIR Filter Enable
011.04 Position Command Filter - IR Filter Cutoff Frequ... 4

1000 oo ] fu] (] fu] (o] [u] (m)

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

[l Update drive settings with estimated values before transfer to drive.

Show Block Diagrams Transfer to Drive

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 Advanced Auto-Tuning in Appendices.
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I 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

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

Multiview Explorer

2. Click the Advanced Auto-Tuning Button.
Setup and Tuning Portal

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

¥ Quick Parameter Setup and 1/0 Monitor

Quick Parameter Setup and 1/O Monitor

Setup basic parameters quickly and monitor /O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability = 2=
Tune based on simple steps. S Tune based on setting the machine rigidity.

3. Configuration (Wizard Step 1)
Select the control mode.

¥ Select Control Type
Control Mode ) Position Contro d Control

Click the Start Button to estimate load characteristics. (The motor will move.)
When easy tuning has been performed already to determine load characteristics,
select Use present setting for the load characteristic settings.

¥ Select Control Type
Contral Mode Q) Po:

@ Use present setting
Sysmac Studio (not the Motion Contraller) will perform a Cyclic Step

Direction

Step Distance [ @ FEICE 0 Command Unit

Inertia Ratio. | %
) EIEIE <ot revolutions

s Friction Coefficient

Dynamic Friction Compensation (Positi
Reset to default settings Dynamic Friction Compensation (Negative) %
A\ Click Start button to start estimation. CAUTION: The motor will be started.
Start

Note: Drive Prohibition function (3810.01 hex) and Software Position Limit function (3811.01 hex) are disabled by default.

Note: Parameters will be overwritten with current drive parameters,

Load characteristics have been updated.
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¥ Load Characteristic Settings
© Estimate load characteristics of the mechanical system before tuning operation @ Use present setting
Sysmac Studio (not the Motion Controller) will perform a Cyelic Step Note: If the settings do not match with current load characteristics,
the accuracy of tuning will be lower.
Direction

rent setfings on the drive:

Step Distance [ @ FEILEEEYI Command Unit Inertia Ratio [

o EXI <haft revolutions Viscous Friction Coefficient

Step Jog Speed rpm Unbalanced Load Compensation
Acceleration/Deceleration Time ms > i sitive) [EN]

Reset to default settings Dynamic Friction Compensation (Negative) [JIIEE
A\ Click Start button to start estimation. CAUTION: The motor will be started

Start

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

Note: Parameters will be overwritten with current drive parameters,

Click the Next Button.

Advanced Auto-Tuning (Wizard Step 2)
In the operation area, configure the tuning settings.
After completing the settings, click the button to start tuning.

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. 44 CAUTION: The motor will move and vibrate.

After a while, the results are displayed in the tuning area.

Tuning Area

Tuning Values

Peak gain of Speed Closed Loop Vo
G

100
Speed Proportional I +-

Speed Integral

Position Proportional Hz

¥ Torque Filter
Torque Fitter [JIIEEER] H=

Frequency Hz

Peak gain of Pesition Closed Loop Qvalue

Speed Integral (Hz)

Speed Proport Tuning has been completed successfully.

» Notch Filter 2
» Notch Filter 3
» Notch Filter 4
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Frequency Response Simulation (Wizard Step 3)

Start tracing. (The Servomotor moves, and frequency characteristics are measured.)

e

A CAUTION: Start trace button will cause the motor to move and vibrate.

Reference Speed Amplitude r/min  Speed Offset _ r/min  Speed Amplitude Gain % Sampling Cycle us
Band SN Hz Acceleration/Deceleration Time ms  Swept Start Waiting Time m ms  Moving Average Number

Gain and phase characteristics that were measured by FFT and simulated are
displayed.

100
Frequency (Hz)

¥ Torque Filter

w Notch Filter 1

w10

Frequency (Hz)

To manually make further adjustments...

Responsiveness may fluctuate when the combination of gains in the red area is set.
Click the area in other colors than red where the combination of gains is as large as
possible and then click the Refresh Calculations Button.

|

Peak gain for Speed Closed Loop

100
Decrease Steady State Error ;
40

Speed Integral (Hz)

Decrease Stabilization Time

32 199 500
Speed Proportional (Hz)

2 E B 5 dB

% Speed proponm HZ
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Time Response Simulation (Wizard Step 4)
In time response simulation, response to the motion profile can be simulated.
Click the Simulate Motion Profile Button.

— Motion Profile

Step Distance ® ERALT R Command Unit Step Jog Speed rpm
(6] EXVIVI chaft revolutions  Acceleration/Deceleration Tlme ms

Simulate Motion Profile

| Name | Units
Position Command - Positior  Command Unit

Uit 0 0 2

rewvr [ S -

100 120 140 160 180

Back to Portal

If your application requires a small following error, here is an example of position
following gain adjustment.

¥ Feed-Forward Gain ¥ Feed-Forward Gain

Torque FF LPF

o W ) T 7 o) (7 3 ) aa D@ rooron comrand o GIO® T ostion Comrana  Folowns v @ Tor st votor vaocny o Q)

The following error has been reduced.

When satisfied with the simulation results, transfer parameters to the Servo Drive and
click the Next Button.

Transfer To Drive

< Back Next =
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Check Behavior (Wizard Step 5)
Click the Execute Button.
(The Servomotor will run based on the motion profile set in Wizard Step 3 (estimation

of load characteristics).)

Force Axis Stop  #h  CAUTION: Start Trace button will make the motor move cydically.

i = | EEE B

.
o 3.000

Wi | Deveetame | o
PR o Voo ocecion prsen

o | E— TR /nin
oL @ %
o]

*
N T i Command Unit 220 142

When satisfied with the results, click the Next Button.

Results (Wizard Step 6)
A parameter list showing the adjustment results is displayed.

Description | ¥ | Drive Value ¥ | Detault ¥ | Range | Units ¥ |Data Attribute ¥

Machine - Inertia Ratio 0 0to30000 %
Position Command Filter - IIR Filter Enable i Oto1

Position Command Filter - IIR Filter Cutoff Frequ... o 1.0 to 50000 Hz
ODF Velocity Feed-forward - Gain 0.0 30, 30 00101000 %
ODF Velocity Feed-forward - LPF Enable 0: Disabled Otol

ODF Velocity Feed-forward - LPF Cutoff Frequen.. 5000.0 1.0 1050000 Hz
'ODF Torque Feed-forward - Gain oo L X 0001000 %
ODF Torque Feed-forward - LPF Enable 0: Disabled Oto1

ODF Torque Feed-forward - LPF Cutoff Frequency 5000.0 101050000 Hz
TDF Pasition Control - Command Following Gain 10105000 %
TDF Pasition Control - Command Following Gai... 0: Use the Command Following Gain. Otol

TDF Position Control - Command Following Gai... 21 0.11050000 Hz
TDF Velocity Control - Command Following Gain 10t0 5000 %
1st Position Control Gain - Proportional Gain ¥ 00105000 Hz
15t Vielocity Control Gain - Proportional Gain . 00 t0 30000 Hz
1st Velocity Control Gain - Integral Gain 5 . 00 t0 16000 Hz
1st Torque Command Filter - Enable Oto1

1st Torque Command Filter - Cutoff Frequency 6. 3, 101050000 Hz
Torque Compensation - Viscous Friction Cocffi X 00 to 10000
Torque Compensation - Unbalanced Load Comp. X -1000 to

»>»>»pr>pP>>rPrPr>PEEED>DED>PEDDE DD

Torque Compensation - Positive Dynamic Frictio... 0. ! X 0.0 to 1000

~Apply Changes
Save to EEPROM  Save the results to the drive EEPROM. Export [Export the results parameters into a .drvp file.
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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 2025 All Rights Reserved.
438B Alexandra Road, #08-01/02 Alexandra Room 2211, Bank of China Tower, In the interest of product improvement, A
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. 1929-E1-01 0225 (0225)



	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
	3. Performing Setup
	3.1. Installation and Wiring
	3.2. System Configuration with NX-series Safety Control Units
	3.3. Setup of NX-series Safety Control Units
	3.3.1. Creating a Network Configuration
	3.3.2. Setting to Transfer Data from the Standard Controller to the Safety Controller
	3.3.3. Setting the Safety Controller
	3.3.4. Creating a Safety Program

	3.4. Setup of the Motion Controller CK5M
	3.4.1. Preparing the Controller for Setup
	3.4.2. Installing the ESI File
	3.4.3. Configuring EtherCAT Communications Settings
	 Configuring EtherCAT Master Communications Settings
	 Configuring Distributed Clock Settings
	 Configuring PDO Map Settings
	 Setting the Safety Controller
	 Setting the SRA Parameters
	 Creating an EtherCAT Network Configuration File

	3.4.4. Setting Axis Variables
	3.4.5. Creating an Operation Program
	3.4.6. Downloading the Project and Checking the Operation
	1.
	2.
	2.1.
	2.2.
	2.3.
	2.4.
	2.4.1.
	2.4.2.
	2.4.3.
	2.4.4.
	2.4.5.
	2.4.6.


	3.5. Setup of the Servo Drive
	3.5.1. Connecting the Servo Drive via CK5M
	3.5.2. Motor, ABS Encoder and I/O Setup

	3.6. Operation Check of the STO Function

	4. Adding Safety Functions
	4.1. Adding the Safe Stop 1 (SS1) Function
	4.1.1. Setting the Safety Controller
	4.1.2. Setup of the CK5M
	4.1.3. Checking Operation of the SS1 Function

	4.2. Adding the Safely-limited Speed (SLS) Function
	4.2.1. Setting the Safety Controller
	4.2.2. Setup of the CK5M
	4.2.3. Checking Operation of the SLS Functions


	Appendices
	Test Run and Data Trace
	Easy Tuning
	Manual Tuning
	Advanced Auto-Tuning



<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (Japan Color 2001 Coated)

  /CalGrayProfile (Dot Gain 15%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Average

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /JPN ()

  >>

  /DetectBlends false

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.40000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Average

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 524288

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Average

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 600

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 0

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 0

      /MarksWeight 0.28346

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /JapaneseWithCircle

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages false

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Preserve

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.247 841.833]

>> setpagedevice







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 Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions Startup Guide (hereinafter, may be referred to as “this Guide”) describes the installation and setup of 1S-series Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions (hereinafter, may referred to as “1S-51”). This Guide assumes a system that consists of a combination of a Programmable Multi-axis Motion Controller CK3M/CK5M CPU Unit, a 1S-series AC Servomotor/Servo Drive with Built-in SS1/SLS Safety Sub-Functions, an NX-series Safety Control Unit, the Sysmac Studio, and the Power PMAC IDE. 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 1S-series AC Servomotor/Servo Drive with Built-in SS1/SLS Safety Sub-Functions.

Note that 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.



[bookmark: _Toc435026667][bookmark: _Toc444250727][bookmark: _Toc189561034]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 Programmable Multi-axis Motion Controller CK3M/CK5M CPU Units

· Knowledge of NX-series Safety Units

· Knowledge of AC Servomotors/Drives

· Knowledge of operation procedure of Sysmac Studio and Power PMAC IDE



[bookmark: _Toc435026668][bookmark: _Toc444250728][bookmark: _Toc189561035]Applicable Products

This Guide covers the following products.

· Programmable Multi-axis Motion Controller CK3M/CK5M CPU Unit

· Automation Software Sysmac Studio 

· Power PMAC Software Package Power PMAC IDE

· 1S-series Servomotor/Servo Drive with Built-in SS1/SLS Safety Sub-Functions

· NX-series EtherCAT Coupler Unit

· NX-series Safety Control Unit

· 


[bookmark: _Toc435026669][bookmark: _Toc444250729][bookmark: _Toc189561036]Special Information

Special information in this Guide is classified as follows:

		[image: ]

		Precautions for Correct Use



		

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







		[image: ]

		Additional Information



		

		Additional information to read as required.

This information is provided to increase understanding or make operation easier.












[bookmark: _Toc17386546][bookmark: _Toc435026670][bookmark: _Toc144299661][bookmark: _Toc189561037][bookmark: _Hlk188039550][bookmark: _Toc435600310]Terms and Conditions Agreement

Warranties

(a) Exclusive Warranty. Omron’s exclusive warranty is that the Products will be free from defects in materials and workmanship for a period of twelve months from the date of sale by Omron (or such other period expressed in writing by Omron). Omron disclaims all other warranties, express or implied.

(b) Limitations. OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR IMPLIED, ABOUT NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OF THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT ALONE HAS DETERMINED THAT THE PRODUCTS WILL SUITABLY MEET THE REQUIREMENTS OF THEIR INTENDED USE.

Omron further disclaims all warranties and responsibility of any type for claims or expenses based on infringement by the Products or otherwise of any intellectual property right. (c) Buyer Remedy.

Omron’s sole obligation hereunder shall be, at Omron’s election, to (i) replace (in the form originally shipped with Buyer responsible for labor charges for removal or replacement thereof) the non-complying Product, (ii) repair the non-complying Product, or (iii) repay or credit Buyer an amount equal to the purchase price of the non-complying Product; provided that in no event shall Omron be responsible for warranty, repair, indemnity or any other claims or expenses regarding the Products unless Omron’s analysis confirms that the Products were properly handled, stored, installed and maintained and not subject to contamination, abuse, misuse or inappropriate modification. Return of any Products by Buyer must be approved in writing by Omron before shipment. Omron Companies shall not be liable for the suitability or unsuitability or the results from the use of Products in combination with any electrical or electronic components, circuits, system assemblies or any other materials or substances or environments. Any advice, recommendations or information given orally or in writing, are not to be construed as an amendment or addition to the above warranty.

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



Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS BASED IN CONTRACT, WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the Product on which liability is asserted.



Suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or regulations which apply to the combination of the Product in the Buyer’s application or use of the Product. At Buyer’s request, Omron will provide applicable third party certification documents identifying ratings and limitations of use which apply to the Product. This information by itself is not sufficient for a complete determination of the suitability of the 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.






[bookmark: _Toc189561038]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 materials, 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.



[bookmark: _Toc435600311][bookmark: _Toc189561039]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 a registered trademark or trademark of Microsoft Corporation in the USA and other countries.

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

· Safety over EtherCAT® is a registered trademark and a 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.



[bookmark: _Toc435600312][bookmark: _Toc189561040]Software Licenses and Copyrights

The Sysmac Studio incorporates certain third party software. For the license and copyright information associated with this software, please refer to NJ/NX/NY series/Sysmac Studio: Third Party License List & Source code Download: Tools: OMRON (omron.co.jp).






[bookmark: _Toc435026679][bookmark: _Toc444250734][bookmark: _Toc189561041]Related Manuals



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

		Manual name

		Cat. No.

		Model

		Application

		Description



		1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual

		I696

		R88D-1S£-ECT-51

R88M-1£



		Learning detailed specifications of a 1S-series Servo Drive with Built-in SS1/SLS Safety Sub-Functions.

		Describes how to install and wire the Servo Drive, set parameters needed to operate the Servo Drive, and remedies to be taken and inspection methods to be used in case that problem occur.



		Sysmac Studio Version 1 Operation Manual



		W504

		SYSMAC-SE2£££

		Learning about the operating procedures and functions of the Sysmac Studio.

		Describes the operating procedures of the Sysmac Studio.



		Sysmac Studio Drive Functions Operation Manual

		I589

		SYSMAC-SE2£££

		Learning how to set up and adjust the Servo Drives.

		Describes the operating procedures of the Sysmac Studio.



		NX series

EtherCAT Coupler Unit User's Manual

		W519

		NX-ECC201

NX-ECC202

NX-ECC203

		Learning how to use the EtherCAT® Coupler Units.

		Describes the hardware, setup methods and functions of the EtherCAT® Coupler Units.



		NX Series Digital I/O Units User's Manual

		W521

		NX-ID££££

NX-IA££££

NX-OC££££

NX-OD££££

NX-MD££££

		Learning how to use the NX-series Digital I/O Units.

		Describes the hardware, setup methods and functions of the NX-series Digital I/O Units.



		NX Series System Units User's Manual

		W523

		NX-PD1£££

NX-PF0£££

NX-PC0£££

NX-TBX01

		Learning how to use the NX-series System Units.

		Describes the hardware, setup methods and functions of the NX-series System Units.



		NX-series Safety Control Units User’s Manual

		Z930

		NX-SL££££

NX-SI££££

NX-SO££££

		Learning how to use the NX-series Safety Control Units.

		Describes the hardware, setup methods and functions of the NX-series Safety Control Units.



		Programmable Multi-Axis Controller User's Manual (Hardware)

		O036

		CK5M-CPU1£1

CK3M-CPU1£1

CK3W-PD048

CK3W-AX1313£/-AX1414£/-AX1515£/-AX2323

CK3W-MD71£0

CK3W-AD£100

CK3W-ECS300

CK3W-GC££00

CK3W-EXM01/-EXS02

CK5W-EXS01

		Learning how to use the CK3M/CK5M-series Programmable Multi-axis Motion Controllers.

		Describes the hardware, setup methods and functions of the CK3M/CK5M-series Programmable Multi-axis Motion Controller.



		Power PMAC IDE Software User Manual

		---

		Power PMAC IDE

		Learning how to use the Power PMAC IDE.

		Describes the operating procedures of the Power PMAC IDE
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A manual revision code appears as a suffix to the catalog number on the front and back covers of the manual.

I929-E1-01



Cat. No.







Revision code







		Revision code

		Date

		Revised content



		01

		February 2025

		Original production
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The 1S-series Servo Drives with Built-in EtherCAT® Communications and SS1/SLS Safety Sub-Functions support 100-Mbps EtherCAT.

When you use the 1S-series Servo Drive with a Machine Automation Controller NJ-series CPU Unit or a Programmable Multi-axis Motion Controller CK3M/CK5M CPU Unit, you can construct a high-speed and so sophisticated position 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 with Built-in EtherCAT® Communications and SS1/SLS Safety Sub-Functions support the FSoE (Safety over EtherCAT) protocol as a safety communications feature. You can build a safety system that uses the STO, SS1, and SLS functions from NX-series Safety Control Units on an EtherCAT network.
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		Additional Information



		

		For further details on the 1S-series Servo Drives with Built-in EtherCAT® Communications and SS1/SLS Safety Sub-Functions, refer to the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696).
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[bookmark: _Hlk159944116]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:



¢ Performing Setup

		1

		Installation and Wiring



		

		▼



		2

		System Configuration with NX-series Safety Control Units



		

		▼



		3

		Setup of  NX-series Safety Control Units



		

		▼



		4

		Setup of the Motion Controller CK5M



		

		▼



		5

		Setup of the Servo Drive



		

		



		6

		Operation Check of the STO Function



		

		▼





	¢ Adding Safety Functions

		1

		Select safety functions from below and add them.

· Adding the Safe Stop 1 (SS1) Function

· Adding the Safely-limited Speed (SLS) Function









		[image: ]

		Additional Information



		

		For information on how to set up the motion controller, refer to the Programmable Multi-Axis Controller User's Manual (Hardware) (Cat. No. O036).
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The following figure shows the system configuration and devices that are used in this Guide.



· Standard System ConfigurationError clear button



Safety Key Selector Switch



[image: ]EtherCAT Coupler

Additional I/O Power Supply Unit

NX-series Safety CPU Unit

NX-series Safety Input Unit

Digital Input Unit

Safety-door Switch

Emergency Stop Pushbutton Switch

Programmable Multi-axis Motion Controller

CK5M CPU Unit

AC Servo Drive

AC Servomotor

Safety reset button







· Configuration Devices

The models of the devices that are described in this Guide are given in the following table. When selecting devices for an actual application, refer to the device manuals.



		Device name

		Model

		Manual name



		Programmable Multi-axis Motion Controller CK5M CPU Unit

(Standard controller)

		CK5M

		Programmable Multi-axis Motion Controller Hardware User’s Manual



		EtherCAT Coupler

		NX-ECC20[]

		EtherCAT® Coupler Unit User’s Manual (Cat. No. W519)



		Additional I/O Power Supply Unit

		NX-PF0[]

		NX Series System Units User’s Manual (Cat. No. W523)



		Digital Input Unit

		NX-ID[]

		NX Series Digital I/O Units User’s Manual (Cat. No. W521)



		NX-series Safety Control Unit

(Safety controller)

		NX-SL3500

		NX-series Safety Control Units User's Manual

(Z930)



		NX-series Safety Input Unit

		NX-SID[]

		



		Ethernet/EtherCAT Communications Cable

		XS5W-T[]

		---



		AC Servo Drive

		R88D-1SN[]-51

		1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual 
(Cat. No. I696)



		AC Servomotor

		R88M-1[]

		



		Power Cable

		R88A-CA[]

		



		Encoder Cable

		R88A-CR[]

		



		Error clear button

		A3[]

		---



		Safety Key Selector Switch

		A22TK[]

		---



		Safety-door Switch

		D4NS[]

		---



		Emergency Stop Pushbutton Switch

		A22[]

		---







· Automation Software

		Product

		Number of licenses

		Model



		Sysmac Studio Standard Edition Version 1.59.0.0

		None (DVD only)

		SYSMAC-SE200D



		

		From 1 license to site license

		SYSMAC-SE[]



		Power PMAC IDE

Version 4.6.4 or later

		---

		---
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		Additional Information



		

		This Startup Guide is written on the assumption that you will use the safety functions. If you do not use the safety functions, refer to sections 5 and 6 of the Programmable Multi-Axis Controller Startup Guide for 1S-series Servo Drive (IDEv4) (Cat. No. O039).
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¢ Unpacking

		1.

		Unpack the motor package. The package includes only one Servomotor and the instruction sheet. Cables are provided separately.

[image: ] [image: ]



		2.

		Unpack the drive package. 

The Servo Drive comes with the following accessories.

•	INSTRUCTION MANUAL × 1 copy

•	INSTRUCTION MANUAL supplement × 1 copy

•	Warning label × 1 sheet

•	General Compliance Information and instructions for EU × 1 copy

•	Attached connector

[image: ] [image: ]
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		Additional Information



		

		For further details on how to handle the Servo Drive and Servomotor, refer to the Items to Check After Unpacking in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User’s Manual (Cat. No. I696).








¢ Installing the Sysmac Studio Standard Edition Version 1.59



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

[image: ]



¢ Installing Power PMAC IDE Version 4.6.4 or Later



Refer to the Power PMAC IDE Software User Manual (V4) for the download procedure.



Note: The setup procedures described in this Startup Guide are available only when the language setting of the Power PMAC IDE is English. After installing the Power PMAC IDE, change the language setting to English.
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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 Safety Functions 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.

2. Key Selector Switch

1. Error clear button



[image: ]4. Emergency Stop Pushbutton Switch

3. Safety-door Switch

5. Safety reset button



		Input device

		State

		Operation



		1. Error clear button

		ON

		Enable error reset command



		

		OFF

		Disable error reset command



		2. Safety Key Selector Switch

* Used in section 4 and later.

		Normal operating mode

		Set the Servomotor to normal velocity.



		

		SS1/SLS safety function active

		Activate assigned safety function.

* The assignment procedure is described in section 4.



		3. Safety-door Switch

		Open

		Enable STO command



		

		Close

		Disable STO command



		4. Emergency Stop Pushbutton Switch

		ON

		Enable STO command



		

		OFF

		Disable STO command



		5. Safety reset button

		ON

		Enable reset STO status command



		

		OFF

		Disable reset STO status command





¢ Operation of STO Function with Motion Control

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

2. When the STO function is executed, the Servo Drive shifts to the STO state and turns OFF torque.

3. When an operation command is enabled, the command velocity to the Servomotor is set to 1,200 r/min.



[image: ]
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This section describes the installation and wiring of the AC Servo Drive, using the R88D-1SN01L-ECT-51 as an example.

For models for which the installation and wiring procedures differ from those for the R88D-1SN01L-ECT-51, refer to the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696).



¢ Space Conditions around Servo Drives

		

		Install the Servo Drive according to the following instructions. 

[image: ]   [image: ]

		Dimension

		Distance



		T

		100mm min.



		B

		100mm min.



		S1

		40mm min.



		S2

		10 mm min. *1



		C1

		R88D-1SN01L-ECT-51 / R88D-1SN02L-ECT-51/

R88D-1SN04L-ECT-51 / R88D-1SN01H-ECT-51/
R88D-1SN02H-ECT-51 / R88D-1SN04H-ECT-51/

R88D-1SN08H-ECT-51 / R88D-1SN10H-ECT-51

		45mm min.



		

		R88D-1SN15H-ECT-51 / R88D-1SN20H-ECT-51/

R88D-1SN30H-ECT-51 / R88D-1SN06F-ECT-51/
R88D-1SN10F-ECT-51 / R88D-1SN15F-ECT-51/

R88D-1SN20F-ECT-51 / R88D-1SN30F-ECT-51

		60mm min.



		C2

		50mm min.



		C3

		70mm min.







*1. If S2 must be less than 10 mm, keep the operating ambient temperature of the Servo Drive within 0 to 45ºC.

· 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.








¢ 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.

[image: ][image: ]



		2.

		Tighten the screw at the upper part.

[image: ][image: ]



		3.

		Tighten the screw at the lower part. 

[image: ][image: ]










¢ Mounting the Servomotor (The order of steps 2 and 3 may be reversed depending on how the motor is mounted on your machine)

		1.

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

[image: ]



		2.

		Fix and connect the Servomotor to the mechanical system.

 [image: ]

First, check motor operation without any load.



		3.

		Connect the power cable and the encoder cable.

[image: ]   [image: ]   [image: ]

Example: Tighten screws in the order of 1, 4, 3, and 2.
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		Additional Information



		

		For further details on how to connect the cables, refer to 4-1 Installation Conditions in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696).







¢ Wiring

		1.

		Overview 

[image: ]



		2.

		Remove the main circuit connector (CNA) from the Servo Drive.[image: ] 



		3.

		Wire the 24 V control power supply.

[image: ] [image: ]

Connect wires with the spring opener.

[image: ]



		4.

		Wire the main circuit power supply.

[image: ]   [image: ]
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		5.

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

[image: ]



		6.

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

[image: ]     [image: ]



		7.

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

[image: ]     [image: ]



		8.

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



		9.

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

[image: ]        [image: ]



		10.

		Plug the encoder cable into the Servo Drive. (CN2)

[image: ][image: ]
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		Additional Information



		

		For further details on how to make the wiring, refer to 4-2 Wiring in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696).








¢ I/O and Safety Wiring

		1.

		By default, STO is disabled and bypassed with jumpers.

[image: ]      [image: ]



		2.

		When using STO, make the wiring between the safety controller and the Servo Drive as shown below.

[image: ]



[image: ]Servo Drive










		3.

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

[image: ]



[image: ]Servo Drive 2

Servo Drive 1



Note: When using a 69SP-series Safety Controller, you can connect up to four 1S-series Servo Drives.










		4.

		When using general-purpose I/O, make the wiring as shown below.

Example of Latch Input 1:

  [image: ]

Servo Drive connector view:

[image: ]
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		Additional Information



		

		For further details on how to make the wiring, refer to 8-2 Safe Torque OFF (STO) Function in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696).
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¢ EtherCAT Node Address Configuration

		1.

		Use the ID switches to set the EtherCAT node address of the Servo Drive. (Example: Set to node 1)

[image: ]    [image: ]



		2.

		When using the NX-series Safety Control Unit, set the node address of the coupler. (Example: Set to node 2)



		3.

		Connect an EtherCAT communications cable to the device.

[image: ] 

ECAT IN CN10: EtherCAT cable from CK5M CPU Unit

CN11 EtherCAT OUT: EtherCAT cable to coupler unit

[image: ]
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		Additional Information



		

		For further details on the safety controller, refer to the NX-series Safety Control Unit User's Manual (Cat. No. Z930).
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[bookmark: _NJ/NXセーフティコントローラの設定][bookmark: _NX_シリーズセーフティコントロールユニットの設定][bookmark: _Toc189561051]Setup of NX-series Safety Control Units

[bookmark: _Ref374640873][bookmark: _Ref376780284][bookmark: _Ref376780328]Set up the NX-series Safety Control Units using the Sysmac Studio.

To do so, connect the computer via USB to the coupler unit in the system configuration described in 3.2 System Configuration with NX-series Safety Control Units, as shown below.

[image: ]
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		1.

		Select the NJ501-1500 Controller from Select Device.

[image: ]

Note: Create a project using the default settings for Device and Version, as these settings do not affect the configuration being created.



		2.

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

[image: ]

The EtherCAT Tab Page is displayed in the Edit Pane.

[image: ]








		3.

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

[image: ]

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

 [image: ]



		4.

		Select the Servo Drive and click the Edit PDO Map Settings Button.

Note: Make sure to go offline before editing PDO mappings.

[image: ]



		[bookmark: PDOマッピングの設定]5.

		Select the 17th safety I/O.

Note: PDOs for safety I/O are assigned by default. 

[image: ] 








		6.

		Then, drag an EtherCAT coupler from the Toolbox to the Master in the EtherCAT Tab Page.

 [image: ]

The EtherCAT couple with a node address of 2 is added under the Master.

 [image: ]



		7.

		Double-click Node1: NX-ECC203.

[image: ]



		8.

		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 I/O Power Supply Unit.

[image: ]  [image: ]








		9.

		Drag an NX-series 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-SL3500 Safety CPU Unit.

[image: ]  [image: ]



		10.

		Drag a safety digital input device to the location where you want to add it in the CPU and Expansion Racks Tab Page.

In this example, drag the NX-SID800 Safety Input Unit.

[image: ]  [image: ]



		11.

		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-ID5342 Digital Input Unit.

[image: ]  [image: ]
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		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.
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		[bookmark: _Hlk170221532]1.

		Select new_SafetyCPU0 from the list.

[image: ]



		2.

		Double-click Exposed Variables.

[image: ]



		3.

		Add the ErrorClearFromNX BOOL variable to Input (Input to the Safety CPU Unit).

[image: ]



		4.

		Select new_Controller_0 from the list.

[image: ]



		5.

		Open the I/O Map and create device variables.

		Port

		Variable name



		ErrorClearFromNX

		ErrorClearToSafetyCPU



		Input Bit 00

		ErrorClearSW
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This section describes how to set safety input devices and create a safety program to release STO.

		1.

		Select new_SafetyCPU0 from the list.

[image: ]



		2.

		Double-click Parameters.

[image: ]



		3.

		Drag a safety-door switch to the desired I/O terminal.

[image: ]



		4.

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

Note: You will use them in section 4 and later.

[image: ]








		5.

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

[image: ]



		6.

		Drag a reset switch to the desired I/O terminal.

[image: ]



		7.

		Double-click I/O Map.

[image: ]



		8.

		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





[image: ]








		9.

		Double-click SRA Parameters.

 [image: ]



		10.

		Deactivate safety functions except for the STO function.

Clear the Active Check Box for SS1 instance1 to deactivate the unused safety function.

[image: ]
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¢ 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_SafetyCPU0 from the list and double-click I/O Map.

[image: ]



		2.

		Create device variables by right-clicking the port to set and clicking Create Device Variable from the menu.

[image: ]

		Port

		Variable name



		Safety Connection Status for NX-SID800

		N3_Safety_Connection_Status



		STO Active for R88D-1SN01L-ECT-51

		E001_STO_Active



		Error for R88D-1SN01L-ECT-51

		E001_Error



		Safety Connection Status for R88D-1SN01L-ECT-51

		E001_Safety_Connection_Status



		STO for R88D-1SN01L-ECT-51

		E001_STO



		Error Ack for R88D-1SN01L-ECT-51

		E001_Error_Ack





[image: ]
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2. Create a safety program using the Automatic Programming function.

		1.

		Click Automatic Programming from the Insert Menu.

[image: ]



		2.

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

[image: ]



		3.

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

[image: ]



		4.

		Set E001_STO in the Output Settings Field.

Set the Use EDM Column to TRUE.

[image: ] 



		5.

		Set the E001_STO Column to 0 for the SI_E-Stop and SI_DoorSwitch variables in the Expected Value Settings Field.

[image: ]



		6.

		Click the Generate Button to create a safety program.

[image: ]

AutoProgram1 is created.

[image: ]





3. Modify the created safety program.

		1.

		Double-click AutoProgram1.

[image: ]

The program shown below appears.

[image: ]
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		2.

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

[image: ]



		3.

		Add the following code.

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

[image: ]



		4.

		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.

 [image: ]



		5.

		Change the output variable from E001_STO_In to E001_STO_In1.

[image: ]



		6.

		Create the following code.

The STO command is enabled by the emergency stop input or a safety-door switch, and sometimes by the SS1 command or another device such as a robot. When the other device enables the STO command, assign the STO signal from the other device to TRUE.
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		7.

		Set the input parameter to the Activate input variable to E001_Status, the input parameter to the S_OutControl to E001_STO_In_ALL, the input parameter to the Reset to SI_ResetSignal_Out, and the input parameters to both S_EDM1 and S_EDM2 to E001_STO_Active in the SF_EDM function block.

When the FSoE communications are established between the safety controller and Servo Drive and there is no error of safety functions in the Servo Drive, this function block is enabled.
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		8.

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

[image: ]












		9.

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

[image: ]
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		10.

		Delete Program0.

[image: ]



		11.

		Connect to the NX-series Coupler Unit.
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		[bookmark: 設定・プロジェクトの転送]12.

		Select Transfer to Coupler.

[image: ]    

Select Configuration information + Unit operation settings + Unit application data.

[image: ]

Select Yes to transfer the data to the NX-series Coupler Unit.
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		13.

		Download the safety application.

Select new_SafetyCPU0 from the list.

[image: ]

Click the PROGRAM Mode Button to switch to PROGRAM mode.

[image: ]

Click the DEBUG Mode Button to enter DEBUG mode.

[image: ]  

Click the DEBUG Mode Button to start DEBUG mode.

[image: ]

Click the Safety Validation Button.

[image: ]

The safety application is now ready to run.

[image: ]	

Click the RUN Mode Button.
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		[bookmark: セーフティ構成ファイルのエクスポート手順]14.

		When the data is successfully written, disconnect the coupler unit.

Select EtherCAT, right-click the Master and select Export All Couplers' I/O Allocations from the menu.

[image: ]

Save the exported data file in any folder.

[image: ]

Note: You will use the exported file in the next section and later.
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To prepare for setting up the CK5M, use the Power PMAC IDE.

Install the Power PMAC IDE on the computer in advance, with reference to 2. Before You Begin.



[bookmark: _Toc170990332][bookmark: _Toc171005385][bookmark: _Toc171005999][bookmark: _Toc171006300][bookmark: _Toc189561057]Preparing the Controller for Setup



¢ Creating a New Project

		1.

		Turn ON the power supply to the Controller.



		2.

		Start the Power PMAC IDE.

[image: ロゴ

中程度の精度で自動的に生成された説明]

Note: If a dialog box for access right confirming is displayed at startup, make selections to start the Power PMAC IDE.



		3.

		In the Communication Setup Dialog Box displayed, specify the IP address of the Controller to connect to and click the Connect Button.

[image: ]

The default IP address of the Controller is 192.168.0.200.

If necessary, change the IP address in Windows to 192.168.0.X.



		4.

		The Power PMAC IDE starts and goes online with the Controller.
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		5.

		Select New - Project from the File menu.

 [image: ]



		6.

		Click PowerPMAC with EtherCAT (Acontis).

Enter a project name and click the OK Button.

[image: ]











¢ Initially Setting Up the Controller

Perform the initial setup of the Controller.

		[image: ]

		Precautions for Correct Use



		

		Save any necessary data in the Controller before proceeding, since the initial setup procedure clears all the memory.







		1.

		Execute the $$$*** from the Terminal of the Power PMAC IDE to reset the Controller to the default settings.
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		2.

		Open System - CPU - System from the Solution Explorer.

[image: ]



		3.

		Click the Clock Settings Button.

[image: ]



		4.

		Set the Servo Frequency to 1 kHz.

[image: ]

Note: The servo frequency that you set here has the following relationship with the Servo Drive's communications cycle. Set the frequency according to the communications cycle you want to set.

		Communication cycle [µs]

		Servo Frequency[kHz]



		1,000

		1.0



		500

		2.0



		250

		4.0



		125

		8.0














		5.

		Click the Accept Button.

[image: ]



		6.

		If you change the servo frequency setting, enter the save command from the Terminal of the Power PMAC IDE.

When the command execution is completed, Save Completed is displayed in the Terminal.

[image: ]



		7.

		Click the Communication Setup icon in the toolbar to display the Communication Setup Dialog Box.
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		8.

		Click the No Device Button in the Communication Setup Dialog Box.

[image: ]

The Controller goes offline.



		9.

		Cycle the power supply to the Controller. The set servo frequency will be reflected after the Controller restarts.








		10.

		Wait for the Controller to complete starting up, click Communication Setup in the toolbar to display the Communication Setup Dialog Box.

Click the Connect button in the Communication Setup Dialog Box.

[image: ]

The Controller goes online.








[bookmark: _Toc189561058]Installing the ESI File

Install the ESI file for the Servo Drive in the Power PMAC IDE.



		[image: ]

		Precautions for Correct Use



		

		[bookmark: _Hlk2600171]Prepare the ESI file mentioned in this section in advance. The ESI file can be downloaded from the OMRON website.







		1.

		Select ESI Manager from the EtherCAT Menu in the Power PMAC IDE.

 [image: ]



		2.

		Check if Omron R88D-1SN01L-ECT-51.xml is registered in the list of ESI files in the ESI Manager.

[image: ]

If it is not registered, click Add File and register Omron R88D-1SN01L-ECT-51.xml.

[image: ]



		3.

		Click the Close Button to close the ESI Manager Pane.








[bookmark: _EtherCAT通信の設定][bookmark: _Toc189561059]Configuring EtherCAT Communications Settings



[bookmark: _■EtherCATマスタの通信設定]¢ Configuring EtherCAT Master Communications Settings

		1.

		Open System - EtherCAT - Master0(Deactivated) from the Solution Explorer. 

[image: ]



		2.

		 Set the communications cycle in Cycle Time [µs] in the Master Tab Page.

[image: ]

Note: The communications cycle must be set to match the servo frequency of the Controller.

In this Guide, set it to 1,000 µs.



		3.

		In the Solution Explorer, right-click Master0 (Deactivated) under System - EtherCAT and select Scan EtherCAT Network from the menu.

[image: ]








		4.

		Check that the following slaves are displayed in the Solution Explorer.

[image: ]

Note: If the names of the slaves differ from the above, the variable names and data names that you need to set in the following procedures may differ from those mentioned in this Guide. In the following procedures, please proceed with the setup by replacing the names of the slaves that have been set.









[bookmark: _■ディストリビューテッドクロックの設定][bookmark: _■Distributed_clockの_][bookmark: _Ref114663722]¢ Configuring Distributed Clock Settings

		1.

		Open the Distributed Clocks Tab Page of Master0 (Deactivated).

[image: ]








		2.

		 Select the Bus Shift (Reference Clock controlled by EtherCAT Master Time) option.
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		3.

		Open Slave_1001 [R88D-1SN01L-ECT-51] (1001) from the Solution Explorer and display the Distributed Clock Tab Page.

[image: ]



		4.

		Set Operation Mode to DC for synchronization.
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		5.

		Similarly, open Slave_1002 [NX-ECC203](1002) from the Solution Explorer and display the Distributed Clock Tab Page.

[image: ]



		6.

		Set Operation Mode to DC for synchronization.
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[bookmark: _■PDOマッピングの設定][bookmark: _Ref453345310]¢ Configuring PDO Map Settings

		1.

		In the Solution Explorer, right-click Master0 (Deactivated) and select Import PDO from Sysmac file from the menu.
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		2.

		Decompress the zip file exported from the Sysmac Studio (see Export Procedure for the Safety Configuration File) and click SlaveMemoryMap.xml in the folder to open it.

[image: ]

When the following dialog box appears, click the OK Button.

[image: ]   [image: ]  

Note: If you have changed the device name of the Servo Drive from the default name in the network configuration created in 3.3 Setup of NX-series Safety Control Units, the following dialog box appears and you cannot configure the PDOs.

[image: ]

Check the device name of the Servo Drive in the Power PMAC IDE and the device name set in the Sysmac Studio, and change the device name in the Power PMAC IDE so that they match.

[image: ]      [image: ]The default is E001.

If it is different, match it.







* To check the device name in the Power PMAC IDE, open Slave_1001 [R88D-1SN01L-ECT-51] (1001) from the Solution Explorer and display the General Tab Page.








		3.

		Open Slave_1001 [R88D-1SN01L-ECT-51] (1001) from the Solution Explorer and display the PDO Mapping Tab Page.

Check that the PDO map settings are the same as the those you configured in 3.3.1 Creating the Network Configuration.
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[bookmark: _■セーフティコントローラの設定]¢ Setting the Safety Controller

		1.

		In the Solution Explorer, right-click 002 Module2(NX-SL3500) under Master0 (Deactivate) - Slave_1002[NX-EC203 and select Import Sysmac Studio Safety mapping file from the menu.

[image: ](Deactivate)





		2.

		Among the files that you exported in Export Procedure for the Safety Configuration File, click CouplerMemoryMap.xml to open it.

[image: ]



		3.

		The Safety memory map viewer Pane opens.

Check that the Select All and Convert BOOL-USINT Check Boxes for TxPDO and RxPDO are selected and click the Accept Button.

[image: ]

Click the Yes Button.

[image: ]








		4.

		Open Master0 (Deactivate) from the Solution Explorer and display the Slave_to Slave Tab Page.

In Connections, check that 1S-51 and SL3500 are linked (in the red frame), and that SID800 and SL3500 are linked (in the blue frame).
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[bookmark: _■SRAパラメータの設定][bookmark: _Ref185507190]¢ Setting the SRA Parameters

Check that the SRA parameters settings of the CK5M match those of the safety controller. For information on setting the safety controller, refer to 3.3.3 Setting the Safety Controller.

		1.

		In the Solution Explorer, right-click Master0 (Deactivated) and select Import SRA Parameter from Sysmac file from the menu.
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		2.

		Among the files that you exported in Export Procedure for the Safety Configuration File, select SraParameterList.xml and click the Open Button.

[image: ]

When the following dialog box appears, click the OK Button.

[image: ]   [image: ]



		3.

		Open Slave_1001 [R88D-1SN01L-ECT-51] (1001) from the Solution Explorer and display the Init Commands Tab Page.

Check that OD is added, as shown below.[image: ]





[bookmark: _■EtherCATネットワーク構成ファイルの作成]¢ Creating an EtherCAT Network Configuration File

		1.

		In the Solution Explorer, right-click Master(Deactivated) under System - EtherCAT and select Load Mapping to PowerPMAC from the menu.

[image: ]



		2.

		eni.xml is added under Configuration in the Solution Explorer.
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		[bookmark: EtherCAT構成ファイルの作成]3.

		ECATMap.pmh is added under PMAC Script Language in the Solution Explorer.
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[bookmark: _Toc185515538][bookmark: _軸変数の__][bookmark: _Toc189561060]Setting Axis Variables

		1.

		Open global definitions.pmh under ProjectName - PMAC Script Language - Global Includes from the Solution Explorer.

 [image: ]



		2.

		Write the following code in the programming area.

//define

#define true 1

#define false 0



// Motor

Motor[1].ServoCtrl=1	//enable motor control

Motor[1].Ctrl=Sys.PosCtrl	// Output command position to pdac

Motor[1].EncType=0	//Encoder type None

Motor[1].pDac=Slave_1001_R88D_1SN01L_ECT_51_1001_607A_0_Targetposition.a

	//Position command pointer

Motor[1].pEnc=EncTable[1].a	//Position feedback pointer 

Motor[1].pEnc2=EncTable[1].a	//Speed feedback pointer

Motor[1].pAmpEnable=Slave_1001_R88D_1SN01L_ECT_51_1001_6040_0_Controlword.a

	//driver directive pointer

Motor[1].AmpEnableBit=3	//Reference bits in the driver directive pointer

Motor[1].pAmpFault=Slave_1001_R88D_1SN01L_ECT_51_1001_6041_0_Statusword.a

	//Pointer driver error

Motor[1].AmpFaultBit=3	//Reference bit of the driver fault pointe(Fault bit)

Motor[1].AmpFaultLevel=3	//Logical state of driver error.

Motor[1].EcatAmpFaultLimit=1000

Motor[1].pLimits=0	//Software limit disabled

Motor[1].LimitBits=0	//Number of limit signal bits for motors

Motor[1].WarnFeLimit=1000	//Deviation warning limit value

Motor[1].FatalFeLimit=0	//Deviation Abnormal Limit Value

Motor[1].Stime=ECAT[0].ServoExtension	//Extension of servo cycle

Motor[1].MaxSpeed=3000/60*(1<<23)/1000	//Maximum speed 23-bit encoder 3000 r/min

Motor[1].pAdc=Sys.pushm

Motor[1].pPhaseEnc=Sys.pushm

Motor[1].pEncStatus=Sys.pushm

Motor[1].pEncCtrl=Sys.pushm

Motor[1].CaptControl=0

Motor[1].pCaptFlag=Sys.pushm

Motor[1].pCaptPos=Sys.pushm

Motor[1].PosSf=1	//electronic gear ratio

Motor[1].Pos2Sf=1	//electronic gear ratio

Motor[1].MasterPosSf=1










		

		Motor[1].JogTa=500						//Jog acceleration/deceleration time

Motor[1].JogTs=500						//Jog S-curve acceleration/deceleration

Motor[1].AbortTa=100					//Deceleration during Abort

Motor[1].JogSpeed=1200/60*(1<<23)/1000			//Jog speed/ms 23-bit encoder 1200 r/min

Motor[1].HomeVel=10						//Home search speed/ms

Motor[1].InvAmax=10						//Maximum acceleration

Motor[1].InvDmax=10						//Maximum deceleration

Motor[1].InvJmax=50						//Max Jerk

Motor[1].MaxDac=32768					//Maximum DAC output



//Encoder

EncTable[1].type=1

EncTable[1].index1=0

EncTable[1].index2=0

EncTable[1].index3=0

EncTable[1].index4=0

EncTable[1].index5=0

EncTable[1].pEnc=Slave_1001_R88D_1SN01L_ECT_51_1001_6064_0_Positionactualvalue.a

EncTable[1].pEnc1=Slave_1001_R88D_1SN01L_ECT_51_1001_6064_0_Positionactualvalue.a

EncTable[1].ScaleFactor=1







Note: Variables such as Slave_1001_R88D_1SN01L_ECT_51_1001_6064_0_Positionactualvalue are the parameter variables included in ECATMap.pmh that you created in 3.4.3 Configuring EtherCAT Communications Settings. Check the variable names in advance, as they vary depending on the slave names specified in the Sysmac Studio project that you created in 3.3 Setup of NX-series Safety Control Units or the Power PMAC IDE project that you created in 3.4.3 Configuring EtherCAT Communications Settings.
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[bookmark: _動作プログラムの作成][bookmark: _Toc189561061]Creating an Operation Program

		1.

		Open plc1.plc under ProjectName - PLC Programs - Global Includes from the Solution Explorer.

[image: ]



		2.

		Write the following program in the programming area of the plc1.plc Tab Page.

This program causes the motor shaft to run at 1,200 rpm three seconds after the Servo is turned ON after the reset switch is pressed.

/*For more information see notes.txt in the Documentation folder */



global moveSequence = 0;			//for plc1 Sequence

global isResetButton = false;		//Check if the reset button is pressed 

global STOCommand = true;			//sto command(true:Deactivate)

global STOStatus = false;			//sto command(false:Deactivate) 



open plc 1



	while(sys.ecatMasterReady==0){};

	isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;

	STOCommand = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_130_MirrorSafetycontrolword & 1);

	STOStatus = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_131_MirrorSafetystatusword & 1);



	switch(moveSequence)

	{

		case 0://Setting

			//EtherCAT Enabled

			ECAT[0].Enable=true;

			//Positive/Negative torque limit value set to 30%

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E0_0_Positivetorquelimitvalue = 300;

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;

			Ldata.motor = 1;

			moveSequence = 1;

			break;










		

				case 1://Check if the reset button is pressed. 

			if(isResetButton == 1)

			{

				moveSequence = 2;

			}

			break;	

		case 2: //servo ON

			jog/; //servo ON & Full closed loop setting

			

			//wait 3sec

			P1000 = Sys.Time+3;

			while(P1000>Sys.Time){};



			moveSequence = 3;

			break;

			

		case 3: //ckeck the servo ON & STO deactivate

			if(Motor[1].AmpEna == true && STOStatus == false)

			{

				Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms

				jog+; //move motor(1200rpm)

			}

			else

			{

				kill;//servo OFF

				moveSequence = 1; //Start over from sequence1

			}

			break;	



		default:

			moveSequence = 0;

			break;

	}	

//Detection of rising error switch

	Slave_1002_NX_ECC203_1002_7002_1_E002Slot2ErrorClearFromNX = Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;

close





		3.

		Open pp_startup.txt under ProjectName - Configuration from the Solution Explorer.

[image: ]



		4.

		Add the following code to the end of the program in the programming area of the pp_startup.txt Tab Page.

enable plc 1;



The pp_startup.txt file is automatically executed at the startup of the Controller.

In this example, the script for PLC1 is executed.








[bookmark: _プロジェクトの転送と動作確認][bookmark: _プロジェクトのダウンロードと動作確認][bookmark: _Toc189561062]Downloading the Project and Checking the Operation

Download the created project to the Controller.

After the project is downloaded, the program starts automatically.

		1.

		Check that the value of ECAT[0].Enable is 0 in the Terminal or Watch Pane.

[image: ]

If the value is 1, execute the command ECAT[0].Enable=0 from the Terminal to stop EtherCAT communications.



		2.

		Right-click the project name in the Solution Explorer at the right of the IDE Window and select Build and Download All Programs from the menu to build and download the project.

[image: ]



		3.

		Check that there are no errors in the Output Pane.

If Download successful is displayed, the download is completed successfully.

[image: ]

Note: If the download fails, check if an error has occurred in the Output Pane. If it is a program error, review the program.

If it is related to EtherCAT settings, go back to 3.4.3 Configuring EtherCAT Communications Settings and check if there are no errors in the settings.








		4.

		When the download is completed successfully, EtherCAT communications and FSoE communications are established.

You can check the communications status by two status indicators located on the front panel of the Servo Drive. When EtherCAT communications are established, the ECAT-RUN indicator is lit green. When FSoE communications are established, the FS indicator is lit green.

[image: ]

Note: If EtherCAT communications or FSoE communications are not established, perform the procedures in 3.3 Setup of NX-series Safety Control Units and 3.4 Motion Controller CK5M again.



		5.

		In the Terminal, enter save to save the downloaded project to the Controller.

[image: ]

Note: If you turn OFF the power supply to the Controller without entering save, the downloaded project will be discarded.












[bookmark: _ドライバの設定][bookmark: _サーボドライバ1S-51の設定]
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[bookmark: _Toc189561063]Setup of the Servo Drive

Set up the Servo Drive using the Sysmac Studio.

If you are continuing the operation from 3.4 Setup of the Motion Controller CK5M, set the connection status of the CK5M to No Device from Communication Setup in the Power PMAC IDE.

	

[bookmark: _CK5Mを介したサーボドライバの接続方法][bookmark: _Toc189561064]Connecting the Servo Drive via CK5M

		1.

		Start the Sysmac Studio and click Connect to Device under Online.

[image: ]



		2.

		Select Drive as the device to connect to, and select the Remote connection via Programmable Multi-Axis Controller (EtherCAT) option as the method to connect to the device.

[image: ]



		3.

		Next, in the connection settings, enter the IP address 192.168.0.200 and click the Connect Button.

[image: ]








		4.

		The display changes and R88D-1SN01L-ECT-51 in the Multiview Explorer, indicating that the Servo Drive is now online.

[image: ]







[bookmark: _Toc189561065]Motor, ABS Encoder and I/O Setup



¢ Quick Parameter Setup and I/O Monitor Wizard

		1.

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

[image: ]



		2.

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

[image: ]



		3.

		Select whether or not an OMRON Controller is connected, and set the recommended setting to Use.

[image: ]

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








		4.

		Only when using a Servomotor with an absolute encoder, select the Use as absolute encoder but ignore multi-rotation counter overflow option for How to Use Absolute Encoder.
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		5.

		Set up the absolute encoder (if required).

[image: ]

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

To reset multiple rotation data, click the Clear system Button.

 [image: ]

You need to restart the Servo Drive to complete the operation. Click the Yes Button.
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		Check that multiple rotation data of the encoder has been cleared.

[image: ]



		6.

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

[image: ]



		7.

		Set input signals and transfer the settings to the Servo Drive.

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.
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		8.

		Set output signals if necessary and transfer the settings to the Servo Drive.



		9.

		Click the Finish Button.
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		1.

		Execute the $$$ command from the Terminal of the Power PMAC IDE to restart the CK5M.

[image: ]



		2.

		After the restart of the Controller is completed, press the safety reset button.

[image: ]



		3.

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

[image: ]



		4.

		After about three seconds, check that the Servomotor rotates at about 1,200 r/min.



		5.

		Press the Emergency Stop Pushbutton Switch.

[image: ]



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

[image: ]



		6.

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

[image: ]

Check that the STO is released and that the 7-segment LED display initially shows “--” and then immediately changes to 'oE.' .

[image: ][image: ]

Note: If the LED display does not change to ‘oE.’, press the safety reset button again.







[bookmark: _Toc160192255][bookmark: _Toc160192256][bookmark: _Toc160192257][bookmark: _Toc160192258][bookmark: _Toc160192311][bookmark: _Ref49957633][bookmark: _Toc73446052][bookmark: _Ref40794541][bookmark: _Ref40794546][bookmark: _Ref40794561][bookmark: _Ref40794606][bookmark: _Ref40794621][bookmark: _Ref40794644][bookmark: _Ref40794648]


[bookmark: _セーフティ機能の追加][bookmark: _Toc189561067]Adding Safety Functions



This section describes how to add safety functions to the servo system that you built in 3. Performing Setup.

Refer to the section of the safety function to add.



[bookmark: _Ref70405544][bookmark: _Toc73446054][bookmark: _Toc189561068]Adding the Safe Stop 1 (SS1) Function



This section describes how to add the SS1 function to the project that you created in 3. Performing Setup.



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

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

2. When the Safety Key Selector Switch is operated to switch to safety active mode, the standard controller lets the Servomotor decelerate to a stop.

The Servo Drive activates the STO function using the SS1 function to turn OFF the motor torque. When the Emergency Stop Pushbutton Switch is pressed, the motor torque is turned OFF.

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





¢ System Configuration1. Error clear button



2. Safety Key Selector Switch



[image: ]4. Emergency Stop Pushbutton Switch

Programmable Multi-axis Motion Controller

CK5M CPU Unit



5. Safety reset button

3. Safety-door Switch

EtherCAT Coupler

Additional I/O Power Supply Unit

NX-series Safety CPU Unit

NX-series Safety Input Unit

Digital Input Unit



AC Servo Drive

AC Servomotor






		Input device

		State

		Operation



		1. Error clear button

		ON

		Enable error reset command



		

		OFF

		Disable error reset command



		2. Safety Key Selector Switch

		Normal operating mode

		Set the Servomotor to normal velocity.



		

		Safety active mode

		Make Servomotor decelerate to a stop and activate STO function using SS1 function.



		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 Pushbutton Switch

		ON

		Enable STO command



		

		OFF

		Disable STO command



		5. Safety reset button

		ON

		Enable reset STO status command



		

		OFF

		Disable reset STO status command









¢ Operation of SS1 Function Interlocked with Motion Control

1. [bookmark: _Hlk159936936]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 
1,200 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.



[image: ]




[bookmark: _Toc159939858][bookmark: _Toc189561069]Setting the Safety Controller

		1.

		Click new_SafetyCPU0.

[image: ] 



		2.

		Open the Safety Function Assignment Settings view for SRA Parameters.

[image: ]



		3.

		Check the Active Check Box for function No.1 and assign SS1 instance1 to function No.8.

Next, click the [image: ] Button to display the SS1 Detailed Settings view.

[image: ]You can also use the  Button to display the SS1 Detailed Settings view.

[image: ]



		5.

		Set SS1 parameters.

In this Guide, set as follows:

		Name

		Value

		Unit



		SS1 time to STO 1

		1,500

		ms





 [image: ]








		6.

		Open the I/O Map and create device variables by right-clicking the port to set and clicking Create Device Variable from the menu.

		Port

		Variable name



		SS1 command1 Active for R88D-1SN01L-ECT-51

		E001_SS1_command1_Active



		SS1 command1 for R88D-1SN01L-ECT-51

		E001_SS1_command1





[image: ]



		7.

		Create a safety program.

Add the following code to AutoProgram1.

[image: ]

[image: ]

[image: ]Set the inputs for the STO function here.





		8.

		Since the SF_EDM function block is deleted, right-click the internal variable SF_EDM_0 and select Delete to delete it.

[image: ]








		9.

		Execute Transfer to Coupler to transfer the settings.

[image: ]

Note: Refer to Transfer of Settings and Projects for details on the procedure.



		10.

		Download the safety application.

Select new_SafetyCPU0 from the list.

[image: ]

Click the PROGRAM Mode Button to switch to PROGRAM mode.

[image: ]

Click the DEBUG Mode Button to enter DEBUG mode.

[image: ]  

Click the DEBUG Mode Button to start DEBUG mode.

[image: ]

Click the Safety Validation Button.

[image: ]








		

		The safety application is now ready to run.

[image: ]	

Click the RUN Mode Button.

[image: ]



		[bookmark: SS1セーフティ構成ファイルのエクスポート手順]11.

		Execute Export All Couplers' I/O Allocations.

[image: ]

Note: Refer to Export Procedure for the Safety Configuration File for details on the procedure.








[bookmark: _Toc159939859][bookmark: _Toc189561070]Setup of the CK5M

		1.

		Execute Scan EtherCAT Network to scan the current configuration.

[image: ]

Note: Refer to Configuring EtherCAT Master Communications in section 3.4.3 for details on the procedure.



		2.

		Open the Distributed Clocks Tab Page for Master0 (Deactivated) and select the Bus Shift (Reference Clock controlled by EtherCAT Master Time) option for Clock Adjustment.

[image: ] 

Note: Refer to Configuring Distributed Clock Settings in section 3.4.3 for details on the procedure.



		3.

		Open Slave_1001 [R88D-1SN01L-ECT-51] (1001) and Slave_1002 [NX-ECC203](1002) from the Solution Explorer and display the Distributed Clock Tab Page.

Set Operation Mode to DC for synchronization.

[image: ]



		4.

		Decompress the zip file exported from the Sysmac Studio (see 4.1.1 Setting the Safety Controller), import SlaveMemoryMap.xml from the folder, and configure the PDO to open it.

[image: ]

Note: Refer to Configuring PDO Map Settings in section 3.4.3 for details on the procedure.



		5.

		Import CouplerMemoryMap.xml from the folder decompressed in step 4, and set up the safety controller.

[image: ]

Note: Refer to Setting the Safety Controller in section 3.4.3 for details on the procedure.



		6.

		Import SraParameterList.xml from the folder decompressed in step 4, and set the SRA parameters.

[image: ]

Note: Refer to Setting the SRA Parameters in section 3.4.3 for details on the procedure.







		7.

		Create an EtherCAT network configuration file.

[image: ]

Note: Refer to Creating an EtherCAT Network Configuration File in section 3.4.3 for details on the procedure.



		8.

		Set up the Servomotor.

Follow the same procedure as in section 3.4.4 Setting Axis Variables to set axis variables.



		9.

		Modify the operation program. Add the following codes to plc1.plc.

The codes shown in the red frame below are added or modified from the program that you created in 3.4.5 Creating an Operation Program.

/*For more information see notes.txt in the Documentation folder */



global moveSequence = 0;			//for plc1 Sequence

global isResetButton = false;		//Check if the reset button is pressed 

global STOCommand = true;			//sto command(true:Deactivate)

global STOStatus = false;			//sto command(false:Deactivate)

global SS1Status = false;			//ss1 command(false:Deactivate) 



open plc 1



	while(sys.ecatMasterReady==0){};

	isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;

	STOCommand = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_130_MirrorSafetycontrolword & 1);

	STOStatus = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_131_MirrorSafetystatusword & 1);

	SS1Status = ((Slave_1001_R88D_1SN01L_ECT_51_1001_4130_131_MirrorSafetystatusword>>8)&1);

switch(moveSequence)

	{

		case 0://Setting

			//EtherCAT Enabled

			ECAT[0].Enable=true;

			//Positive/Negative torque limit value set to 30%

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E0_0_Positivetorquelimitvalue = 300;

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;

			Ldata.motor = 1;

			moveSequence = 1;

			break;



		case 1://Check if the reset button is pressed. 

			if(isResetButton == 1)

			{

				moveSequence = 2;

			}

			break;	










		

				case 2: //servo ON

			jog/; //servo ON & Full closed loop setting

			

			//wait 3sec

			P1000 = Sys.Time+3;

			while(P1000>Sys.Time){};



			moveSequence = 3;

			break;	

			

		case 3: //ckeck the servo ON & STO deactivate

			if(Motor[1].AmpEna == true && STOStatus == false)

			{

				if(SS1Status == true)

				{

					jog/; //stop motor(0rpm)

				}

				else

				{

					Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms

					jog+; //move motor(1200rpm)

				}

			}

			else

			{

				kill;//servo OFF

				moveSequence = 1; //Start over from sequence1

			}

			break;



		default:

			moveSequence = 0;

			break;

	}

	//Detection of rising error switch

	Slave_1002_NX_ECC203_1002_7002_1_E002Slot2ErrorClearFromNX = Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;



close





		10.

		Add the following code to the end of the program in the programming area of the pp_startup.txt Tab Page.



enable plc 1;







		11.

		Download the created project to the Controller.

Note: Refer to 3.4.6 Downloading the Project and Checking the Operation for details on the procedure.








[bookmark: _Toc189561071]Checking Operation of the SS1 Function

		1.

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

[image: ][image: ]



		2.

		Execute the $$$ command from the Terminal of the Power PMAC IDE to restart the CK5M.

[image: ]



		3.

		After the restart of the Controller is completed, press the safety reset button.

[image: ]



		4.

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

[image: ]



		5.

		After about three seconds, check that the Servomotor rotates at about 1,200 r/min.



		6.

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

[image: ]	[image: ]

The Servomotor decelerates to a stop and the Servo Drive goes into STO state.

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

[image: ]










[bookmark: _セーフリーリミテッドスピード（SLS）機能の追加][bookmark: _Toc189561072]Adding the Safely-limited Speed (SLS) Function



This section describes how to add the SLS function to the project that you 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.



¢ System Configuration



2. Safety Key Selector Switch

1. Error clear button



[image: ]EtherCAT Coupler

Additional I/O Power Supply Unit

NX-series Safety CPU Unit

NX-series Safety Input Unit

Digital Input Unit



4. Emergency Stop Pushbutton Switch

Programmable Multi-axis Motion Controller

CK5M CPU Unit





5. Safety reset button

3. Safety-door Switch

AC Servo Drive

AC Servomotor



AC Servo Drive

AC Servomotor






		Input device

		State

		Operation



		1. Error clear button

		ON

		Enable error reset command



		

		OFF

		Disable error reset command



		2. Safety Key Selector Switch

		Normal operating mode

		Run Servomotor at 1200 [r/min] and deactivate SLS function.



		

		Safety active mode

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

When velocity exceeds SLS velocity limit, Servo Drive goes into STO state and SLS Excessive Limit Value Error occurs.



		3. Safety-door Switch

		Open

		SLS function deactivated: Enable STO command

SLS function activated: Disable STO command



		

		Close

		Disable STO command



		4. Emergency Stop Pushbutton Switch

		ON

		Enable STO command



		

		OFF

		Disable STO command



		5. Safety reset button

		ON

		Enable reset STO status command



		

		OFF

		Disable reset STO status command







¢ Operation of SLS 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 
1,200 r/min.

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

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

4. 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 1,200 r/min.



[image: ]





		[image: ]

		Precautions for Correct Use



		

		• When using the SLS function, depending on the operation conditions or operating environment in which it is used, an error may occur during normal operation.
For further details, refer to 8-4 Safely-limited Speed (SLS) Function in the 1S-series AC Servomotors/Servo Drives with Built-in EtherCAT Communications and SS1/SLS Safety Sub-Functions User's Manual (Cat. No. I696). 








[bookmark: _Toc159939863][bookmark: _Toc189561073]Setting the Safety Controller

		1.

		Click new_SafetyCPU0.

[image: ]



		2.

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

[image: ]



		3.

		Assign SLS instance1.

[image: ]Clear the Active Check Box.



Select SLS instance1.







		4.

		[image: ]Click the  Button to display the SLS Detailed Settings view.

[image: ]You can also use the  Button to display the SLS Detailed Settings view.

[image: ]








		5.

		Set SLS parameters.



In this Guide, set as follows:

		Name

		Value

		Unit



		SLS time to velocity monitoring 1

		2,000

		ms



		SLS velocity limit 1

		500

		r/min



		Error Detection Activate In SLS Deactivate

		Activate

		---





 [image: ]



		6.

		Open the I/O Map and create device variables by right-clicking the port to set and clicking Create Device Variable from the menu.

		Port

		Variable name



		SLS command1 Active for R88D-1SN01L-ECT-51

		E001_SLS_command1_Active



		SLS command1 for R88D-1SN01L-ECT-51

		E001_SLS_command1





[image: ]








		7.

		Create a safety program.

Add the following code to AutoProgram1.

[image: ]

[image: ]When change of the operating mode of the Safety Key Selector Switch to safety active mode is detected, the SLS function is activated.



[image: ]

[image: ]The motor torque is turned OFF when the Emergency Stop Pushbutton is pressed.

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



[image: ]



		[bookmark: _Toc159939864]8.

		Execute Transfer to Coupler to transfer the settings.

[image: ]

Note: Refer to Transfer of Settings and Projects for details on the procedure.








		9.

		Download the safety application.

Select new_SafetyCPU0 from the list.

[image: ]

Click the PROGRAM Mode Button to switch to PROGRAM mode.

[image: ]

Click the DEBUG Mode Button to enter DEBUG mode.

[image: ]  

Click the DEBUG Mode Button to start DEBUG mode.

[image: ]

Click the Safety Validation Button.

[image: ]

The safety application is now ready to run.

[image: ]	

Click the RUN Mode Button.

[image: ]








		[bookmark: SLSセーフティ構成ファイルのエクスポート手順]10.

		Execute Export All Couplers' I/O Allocations.

[image: ]

Note: Refer to Export Procedure for the Safety Configuration File for details on the procedure.










[bookmark: _Toc189561074][bookmark: _Toc159939865]Setup of the CK5M

		1.

		Execute Scan EtherCAT Network to scan the current configuration.

[image: ]

Note: Refer to Configuring EtherCAT Master Communications in section 3.4.3 for details on the procedure.



		2.

		Open the Distributed Clocks Tab Page for Master0 (Deactivated) and select the Bus Shift (Reference Clock controlled by EtherCAT Master Time) option for Clock Adjustment.

[image: ] 

Note: Refer to Configuring Distributed Clock Settings in section 3.4.3 for details on the procedure.



		3.

		Open Slave_1001 [R88D-1SN01L-ECT-51] (1001) and Slave_1002 [NX-ECC203](1002) from the Solution Explorer and display the Distributed Clock Tab Page.

Set Operation Mode to DC for synchronization.

[image: ]



		4.

		Decompress the zip file exported from the Sysmac Studio (see 4.2.1 Setting the Safety Controller), import SlaveMemoryMap.xml from the folder, and configure the PDO to open it.

[image: ]

Note: Refer to Configuring PDO Map Settings in section 3.4.3 for details on the procedure.



		5.

		Import CouplerMemoryMap.xml from the folder decompressed in step 4, and set up the safety controller.

[image: ]

Note: Refer to Setting the Safety Controller in section 3.4.3 for details on the procedure.



		6.

		Import SraParameterList.xml from the folder decompressed in step 4, and set the SRA parameters.

[image: ]

Note: Refer to Setting the SRA Parameters in section 3.4.3 for details on the procedure.








		7.

		Create an EtherCAT network configuration file.

[image: ]

Note: Refer to Creating an EtherCAT Network Configuration File in section 3.4.3 for details on the procedure.



		8.

		Set up the Servomotor.

Set it in the same way as in 3.4.4 Setting the Axis Variables.



		9.

		Modify the operation program. Add the following codes to plc1.plc.

The codes shown in the red frame below are added or modified from the program that you created in 3.4.5 Creating an Operation Program.

/*For more information see notes.txt in the Documentation folder */



global moveSequence = 0;			//for plc1 Sequence

global SLSSequence = 0;			//SLS Sequence

global isResetButton = false;		//Check if the reset button is pressed

global STOCommand = true;			//sto command(true:Deactivate)

global SLSCommand = true;			//sls command(true:Deactivate)

global STOStatus = false;			//sto command(false:Deactivate)

global SLSStatus = false;			//ss1 command(false:Deactivate) 



open plc 1



	while(sys.ecatMasterReady==0){};

	isResetButton = (Slave_1002_NX_ECC203_1002_6042_1_StandardInput1stWord >> 6) & 1;

	STOCommand = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_130_MirrorSafetycontrolword & 1);

	SLSCommand = ((Slave_1001_R88D_1SN01L_ECT_51_1001_4130_130_MirrorSafetycontrolword>>8)&1);

	STOStatus = (Slave_1001_R88D_1SN01L_ECT_51_1001_4130_131_MirrorSafetystatusword & 1);

	SLSStatus = ((Slave_1001_R88D_1SN01L_ECT_51_1001_4130_131_MirrorSafetystatusword>>8)&1);



	switch(moveSequence)

	{

		case 0://Setting

			//EtherCAT Enabled

			ECAT[0].Enable=true;

			//Positive/Negative torque limit value set to 30%

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E0_0_Positivetorquelimitvalue = 300;

			Slave_1001_R88D_1SN01L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;

			Ldata.motor = 1;

			moveSequence = 1;

			break;



		case 1://Check if the reset button is pressed. 

			if(isResetButton == 1)

			{

				moveSequence = 2;

			}

			break;	





		

		case 2: //servo ON

			jog/; //servo ON & Full closed loop setting

			

			//wait 3sec

			P1000 = Sys.Time+3;

			while(P1000>Sys.Time){};



			moveSequence = 3;

			break;

case 3: //ckeck the servo ON & STO deactivate

			if(Motor[1].AmpEna == true && STOStatus == false)

			{

				if(SLSCommand == false || SLSStatus == true)

				{

					switch(SLSSequence)

					{

						case 0:

							jog/;	//servo OFF Once

							SLSSequence = 1;

							break;

						case 1:

							Motor[1].JogSpeed=300/60*(1<<23)/1000//Jog velocity per ms

							jog+; //move motor(300rpm)

							break;

					}

				}

				else

				{

					Motor[1].JogSpeed=1200/60*(1<<23)/1000 //Jog velocity per ms

					jog+; //move motor(1200rpm)

					SLSSequence = 0;

				}

			}

			else

			{

				kill;//servo OFF

				moveSequence = 1; //Start over from sequence1

			}

			break;



		default:

			moveSequence = 0;

			break;

	}

	//error clear switch

	Slave_1002_NX_ECC203_1002_7002_1_E002Slot2ErrorClearFromNX = Slave_1002_NX_ECC203_1002_6062_1_InputBit16bits;

	



close





		10.

		Add the following code to the end of the program in the programming area of the pp_startup.txt Tab Page.

enable plc 1;





		11.

		Download the created project to the Controller.

Note: Refer to 3.4.6 Downloading the Project and Checking the Operation for details on the procedure.








[bookmark: _Toc189561075]Checking Operation of the SLS Functions

		1.

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

[image: ][image: ]



		2.

		Execute the $$$ command from the Terminal of the Power PMAC IDE to restart the CK5M.

[image: ]



		3.

		After the restart of the Controller is completed, press the safety reset button.

[image: ]



		4.

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

[image: ]



		5.

		After about three seconds, check that the Servomotor rotates at about 1,200 r/min.



		6.

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

[image: ] [image: ]



Check that the Servomotor rotates at about 300 r/min.

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

[image: ]








		6.

		Open the guard with the Safety-door Switch.



[image: ]



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



		7.

		Close the guard and press the safety reset switch.



		8.

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

[image: ] [image: ]

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

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

[image: ]










[bookmark: _ロボットタイプ一覧][bookmark: _Robot_Type_List][bookmark: _Toc189561076]Appendices

Test Run and Data Trace, Easy Tuning, Manual Tuning, and Advanced Auto-Tuning in Appendices are all performed using the Sysmac Studio.

Before you proceed, refer to 3.5.1 Connecting the Servo Drive via CK5M and connect the Sysmac Studio to the Servo Drive.

Note: Please add the following code to plc1.plc, which is included in the CK5M. The project that you created in 3.4 or section 4 cannot be used for trial run because it is designed to run the Servomotor automatically from servo ON.

/*For more information see notes.txt in the Documentation folder */



open plc 1



	while(sys.ecatMasterReady==0){};

	

	ECAT[0].Enable=true;

	//Positive/Negative torque limit value set to 30%

	Slave_1001_R88D_1SN01L_ECT_51_1001_60E0_0_Positivetorquelimitvalue = 300;

	Slave_1001_R88D_1SN01L_ECT_51_1001_60E1_0_Negativetorquelimitvalue = 300;



close







[bookmark: _オフラインでのドライバと軸追加][bookmark: _モータ選定ツール結果からサーボドライバと軸追加][bookmark: _Toc189561077]Test Run and Data Trace



		1.

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

[image: ]



		2.

		Click the Step Tab.

Adjust the motion profile.

Click the Apply Button.

[image: ]








		3.

		Click the Servo ON Button to turn ON the Servo.

[image: ]



		4.

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

[image: ]



		5.

		Select Cyclic for the trace type.

[image: ]



		6.

		Specify the sampling interval.

[image: ]



		7.

		Specify the enable trigger condition.

[image: ]



		8.

		Click the Execute Button.

[image: ]








		9.

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

[image: ]



Click the Start Button in the Test Run Window to run the Servomotor.

Traced data will appear cyclically. 

[image: ]
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		Use the following procedure to perform adjustment. It is recommended to perform Easy Tuning first.

[image: ]








		1.

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

[image: ]



		2.

		Click the Easy Tuning Button.

[image: ]



		3.

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

[image: ]



		4.

		Set the motion profile generator.

[image: ]








		5.

		Set the criteria for finishing auto tuning.

Click the Next Button.

[image: ]

· When you select Manual for the 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.



		6.

		Click the Start Button.

Be careful because the Servomotor will start running.

[image: ]

Easy Tuning has been completed.

[image: ]

Click the Next Button.

[image: ]








		7.

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

[image: ]

[image: ]

Click the Next Button.

[image: ]



		8.

		Check the tuning results of the gain parameters.

Click the Save to EEPROM Button to save the gain parameters.

[image: ]

Click the Finish Button.

[image: ]
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¢ 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.[image: ]



		2.

		Click the Manual Tuning Button.

[image: ]

The Manual Tuning Window is displayed.

It includes machine rigidity settings, gain parameters, and Servo Drive test run.

[image: ] 








		3.

		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.

[image: ]



		4.

		Select Cyclic.

[image: ]



		5.

		Adjust the sampling interval.

[image: ]



		6.

		Adjust the enable trigger condition.

[image: ]



		7.

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

[image: ]         [image: ]

Click the Execute Button.

[image: ]

The Sysmac Studio waits for the trigger.

[image: ]



		8.

		Align the Test Run Window and the Manual Tuning Window horizontally by docking them.

[image: ]








		

		[image: ]



		9.

		Configure the motion profile and click the Apply Button.

[image: ]



		10.

		Click the Servo ON Button to turn ON the Servo and then click the Start Button.

[image: ]    [image: ]	

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








		11.

		Data trace is now triggered, and trace results are displayed.

[image: ] [image: ] 

Each time the Servomotor moves, traced data will appear cyclically.

[image: ]



		12.

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

[image: ]

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 Advanced Auto-Tuning in Appendices.








[bookmark: _アドバンストチューニング][bookmark: _アドバンストオートチューニング][bookmark: _Toc189561080]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.



¢ How to Perform Advanced Auto-Tuning

		1.

		Right-click the Servo Drive and select Setup and Tuning from the menu.[image: ]



		2.

		Click the Advanced Auto-Tuning Button.

[image: ]



		3.

		Configuration (Wizard Step 1)

Select the control mode.

[image: ]

Click the Start Button to estimate load characteristics. (The motor will move.)

When easy tuning has been performed already to determine load characteristics, select Use present setting for the load characteristic settings.

[image: ]

Load characteristics have been updated.

[image: ]

Click the Next Button.

[image: ]



		4.

		Advanced Auto-Tuning (Wizard Step 2)

In the operation area, configure the tuning settings.

After completing the settings, click the [image: ] button to start tuning.

[image: ]

After a while, the results are displayed in the tuning area.

[image: ]

Click the Next Button.

[image: ]








		5.

		Frequency Response Simulation (Wizard Step 3)

Start tracing. (The Servomotor moves, and frequency characteristics are measured.)

[image: ]

Gain and phase characteristics that were measured by FFT and simulated are displayed.

[image: ]

To manually make further adjustments...

Responsiveness may fluctuate when the combination of gains in the red area is set.

Click the area in other colors than red where the combination of gains is as large as possible and then click the Refresh Calculations Button.

[image: ]








		6.

		Time Response Simulation (Wizard Step 4)

In time response simulation, response to the motion profile can be simulated.

Click the Simulate Motion Profile Button.

[image: ]

The chart is updated. If necessary, adjust gains.

[image: ]



If your application requires a small following error, here is an example of position following gain adjustment.

[image: ] [image: ] [image: ]



[image: ] [image: ]

The following error has been reduced.



		7.

		When satisfied with the simulation results, transfer parameters to the Servo Drive and click the Next Button.

[image: ]








		8.

		Check Behavior (Wizard Step 5)

Click the Execute Button.

(The Servomotor will run based on the motion profile set in Wizard Step 3 (estimation of load characteristics).)

[image: ]

[image: ] (Motion profile set in Step 3 of the procedure)

The traced data is displayed in charts.

[image: ]

When satisfied with the results, click the Next Button.

[image: ]



		9.

		Results (Wizard Step 6)

A parameter list showing the adjustment results is displayed.

[image: ]

Click the Save to EEPROM Button to save the results to the non-volatile memory.

[image: ]

Click the Finish Button. Advanced Auto-Tuning has been completed.

[image: ]
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