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—— NOTE

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

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




Introduction

The Servo System 1S-Series Startup Guide (hereinafter, may be referred to as "this Guide")
describes the procedures for installation and setup of a 1S Servo Drive, where an

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

This Guide does not contain safety information and other details that are required for actual use.
Thoroughly read and understand the manuals for all of the devices that are used in this Guide to
ensure that the system is used safely. Review the entire contents of these materials, including
all safety precautions, precautions for safe use, and precautions for correct use.

I Intended Audience
This Guide is intended for the following personnel.
. Personnel in charge of introducing FA systems
. Personnel in charge of designing FA systems

The personnel must also have the following knowledge.

. Knowledge of electrical systems (an electrical engineer or the equivalent)
. Knowledge of NJ/NX-series CPU Units

. Knowledge of NX-series Safety Units

. Knowledge of Servomotors/Drives

. Knowledge of operation procedure of Sysmac Studio

I Applicable Products
This Guide covers the following products.
. CPU Units of NJ/NX-series Machine Automation Controllers
. Automation Software Sysmac Studio
. 1S-series Servomotors/Servo Drives
. NX-series EtherCAT Coupler unit
. NX-series Safety controller

I Special Information

The icons that are used in this Guide are described below.

IE' Precautions for Correct Use

Precautions on what to do and what not to do to ensure proper operation and
performance.

=\

Additional Information

Additional information to read as required.
This information is provided to increase understanding or make operation easier.



Terms and Conditions Agreement

Warranties

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

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

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

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

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

Limitation on Liability; Etc

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

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

Suitability of Use

Omron Companies shall not be responsible for conformity with any standards, codes or
regulations which apply to the combination of the Product in the Buyer’s application or use of
the Product. At Buyer’s request, Omron will provide applicable third party certification


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

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.



Precautions

. When building a system, check the specifications for all devices and equipment that will make
up the system and make sure that the OMRON products are used well within their rated
specifications and performances. Safety measures, such as safety circuits, must be
implemented in order to minimize the risks in the event of a malfunction.

. Thoroughly read and understand the manuals for all devices and equipment that will make up
the system to ensure that the system is used safely. Review the entire contents of these
manuals, including all safety precautions, precautions for safe use, and precautions for correct
use.

. Confirm all regulations, standards, and restrictions that the system must adhere to.

. Check the user program for proper execution before you use it for actual operation.

I Trademarks
. Sysmac and SYSMAC are trademarks or registered trademarks of OMRON Corporation in
Japan and other countries for OMRON factory automation products.
. Windows is either registered trademarks or trademarks of Microsoft Corporation in the USA

and other countries.

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

. Microsoft product screen shot(s) reprinted with permission from Microsoft Corporation.

. Other company names and product names in this Guide are the trademarks or registered
trademarks of their respective companies.

I Software Licenses and Copyrights

The NJ-series CPU Units and Sysmac Studio incorporate certain third party software. The
license and copyright information associated with this software is available at
http://www.fa.omron.co.jp/nj_info_e/.



Related Manuals

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

Manual name Cat. No. Model Application Description
1S-series AC 1586 Learning detailed Describes how to install and wire the
. R88D-1So-ECT e . .
Servomotors/Servo Drives specifications of a 1S-series | Servo Drive, set parameters needed to
with Built-in EtherCAT R88M-1o Servo Drive. operate the Servo Drive, and remedies
Communications User's to be taken and inspection methods to
Manual be used in case that problem occur.
Sysmac Studio Version 1 | W504 SYSMAC-SE2ooo Learning about the operating | Describes the operating procedures of
Operation Manual procedures and functions of |the Sysmac Studio.
the Sysmac Studio.
Sysmac Studio Drive 1589 SYSMAC-SE2ooo Learning about the operating | Describes the operating procedures of
Functions Operation procedures and functions of |the Sysmac Studio to setup Drives
Manual the Sysmac Studio for Drives
NX-series CPU Unit W535 NX701-oooo Learning the basic An introduction to the entire
Hardware User’s Manual specifications of the NX-series system is provided
NX-series CPU Units, along with the following
including introductory information on the CPU Unit.
information, designing, * Features and system configuration
installation, and * Introduction
maintenance. + Part names and functions
Mainly hardware information |+ General specifications
is provided. * Installation and wiring
* Maintenance and inspection
NX-series NX102 W593 NX102-oooo Learning the basic An introduction to the entire
CPU Unit specifications of the NX102 | NX102 system is provided
Hardware User’s Manual CPU Units, including along with the following information on
introductory information, the CPU Unit.
designing, installation, and * Features and system configuration
maintenance. * Introduction
Mainly hardware information |+ Part names and functions
is provided. » General specifications
* Installation and wiring
» Maintenance and inspection
NX-series NX1P2 W578 NX1P2-cooo Learning the basic An introduction to the entire

CPU Unit

Hardware User's Manual

specifications of the NX1P2
CPU Units, including
introductory information,
designing, installation,

and maintenance.

Mainly hardware information

is provided.

NX1P2 system is provided

along with the following information on
the CPU Unit.

* Features and system configuration

* Introduction

* Part names and functions

» General specifications

* Installation and wiring

» Maintenance and inspection




Manual name Cat. No. Model Application Description
NJ-series CPU Unit W500 NJ501-oooo Learning the basic Provides an introduction to the entire
Hardware User’s Manual NJ301-oooo specifications of the NJ-series system along with the
NJ101-oooo NJ-series CPU Units, following information on the CPU Unit.
including introductory « Features and system configuration
information, designing, « Overview
installation, and « Part names and functions
maintenance. « General specifications
Mainly hardware information |« Installation and wiring
is provided. « Maintenance and inspection
NJ/NX-series CPU Unit W501 NX701-ocooo Learning how to program and | Provides the following information on a
Software User's Manual NX102-ocooo set up an NJ/NX-series CPU | Controller built with an NJ/NX-series
NX1P2-oooo Unit. CPU Unit.
NJ501-oooo Mainly software information is | « CPU Unit operation
NJ301-oooo provided. « CPU Unit features
NJ101-oooo « Initial settings
« Language specifications and
programming based on IEC 61131-3
NJ/NX-series CPU Unit W507 NX701-cooo Learning about motion Describes the settings and operation of
Motion Control User's NX102-cooo control settings and the CPU Unit and programming
Manual NX1P2-oooo programming concepts. concepts for motion control.
NJ501-oooo
NJ301-oooo
NJ101-oo0o
NJ/NX-series Instructions | W502 NX701-cooo Learning detailed Describes the instructions in the
Reference Manual NX102-cooo specifications on the basic instruction set (IEC 61131-3
NX1P2-oooo instructions of an specifications).
NJ501-0ooo NJ/NX-series CPU Unit.
NJ301-oooo
NJ101-oo0o
NJ/NX-series Motion W508 NX701-cooo Learning about the Describes the motion control
Control Instructions NX102-cooo specifications of the motion instructions.
Reference Manual NX1P2-oooo control instructions that are
NJ501-oo0o0o provided by OMRON.
NJ301-oooo
NJ101-oo0o
NJ/NX-series W503 NX701-ocooo Learning about the errors that | Describes concepts on managing errors
Troubleshooting Manual NX102-oooo may be detected in an that may be detected in an NJ/NX-series
NX1P2-oooo NJ/NX-series Controller. Controller and information on individual
NJ501-oooo errors.
NJ301-oooo
NJ101-oooo
NX-series Safety Control | Z930 NX-SLoooo Learning how to use the Describe the hardware, setup methods
Units User's Manual NX-Sloooo NX-series Safety Control and functions of the NX-series Safety
NX-SOoooo Units. Control Units.




Revision History

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

Cat. No. | 1823-E1-03

t

Revision code

Revision code Date Revised content
01 July 2016 Original production
02 August 2019 Made changes accompanying release of 4 to 15 kW
03 September 2023 | Made changes accompanying addition of the gain tuning
function (addition of Advanced Auto-Tuning)
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1. Servo system configuration and peripheral
products

| 1.1. Outline

The 1S-series AC Servo Drives with Built-in EtherCAT communications support 100-Mbps EtherCAT.
When you use the 1S-series Servo Drive with a Machine Automation Controller NJ/NX-series CPU Unit or
CJ1W-NCuo8u EtherCAT-compatible Position Control Unit, you can construct a high-speed and
sophisticated positioning control system.

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

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

The FSoE protocol, the technology for a safe communication layer supported by the 1S-series Servo

Drives, allows you to build the safety system that uses the STO function from the safety controller on the
EtherCAT network.

=\

Additional Information

For additional information about 1S servo drive, please refer to 1S-series AC Servomotors and Servo

Drives User’s Manual (with Built-in EtherCAT Communications) (Cat. No. 1586)
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I 1.2. Servo System constructed in this guide

This 1S-series Sysmac AC Servo Drives Startup Guide (hereafter referred to as “this Guide”) contains
instructions from assembling the hardware that makes up the Servo system to performing debugging on
the system. This Guide builds the Servo system in the following steps

Installation and wiring
v

System Configuration with NJ and NX safety controller
v

Sysmac Studio project creation and sizing file import
v

Motor, ABS encoder, I/O Setup
\/

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

IO FSoE STO Activation

=\

Additional Information

For additional information on how to setup the motion, please refer to the start-up guide for motion
control (W514).
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I 1.3. System configuration

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

The system configuration is shown in the following figure.

alvays i control

Sysmac Studio

EtherNet/IP

NX7/NJ serles
Machina automation controller

EtherCAT

NX safety

I

Flange size 80 mm or less
3000 r/min (50W to 750 W)

e Configuration devices

I
Power cable [ L Encoder cable

i}

Safsty aver B
EtherCAT. ™

)=

5 (Integrated Development Environment)

15 servo drive

3,000 r/min (1kW to 5 kW)
Flange size 100 mm or more 2,000 r/min (400W to 3 kW)

1,000 r/min (900W to 3 kW)

1,500 r/min (4kW to 15 kW)

The models of the devices that are described in this Guide are given in the following table.

When selecting devices for an actual application, refer to the device manuals.

Device name Model Manual name

NJ-series CPU Unit NJ501-[] NJ-series CPU Unit Hardware

NJ-series Power Supply NJ-P[]3001 User’s Manual (Cat. No. W500)

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

NX-series Safety control unit NX-SL3300 NX safety CPU unit Hardware

NX 1/0 Series NX-SIDJ] User’s Manual (Cat. No. Z930)

NX-SOD[]

Ethernet/EtherCAT XS5W-TJ] -

communications cables

AC Servo Drives R88D-1SN[] 1S-series AC Servomotors and

AC Servo Motors R88M-1]] Servo Drives User’s Manual (with

Power cables R88A-CA[] Built-in EtherCAT

Encoder Cables R88A-CR][] Communications) (Cat. No. 1586)
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e Automation software

Product Number of license Model
Sysmac Studio Standard None (DVD only) SYSMAC-SE200D
Edition Version 1.16 From 1 license to site license SYSMAC-SE]]

14




Before You Begin

m Unpack Drive/Motor
1. | Unpack motor package. The package includes only motor and instruction sheet.

Cables are provided separately.

2. | Unpack drive package.

This product comes with the following accessories.

* INSTRUCTION MANUAL x 1 copy

* Warning label x 1 sheet

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

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

Sysmac Studio version 1.0

=

Additional Information

For further details on how to handle drive and motor package, please refer to 1S-series AC

Servomotors and Servo Drives User’s Manual (with Built-in EtherCAT Communications) (Cat. No. 1586)

15



3. Performing setup
I 3.1. Installation & Wiring

m Space Conditions around Servo Drives with its capacity 3 kW or less

Install the Servo Drive according to the following.

@ Single-unit Installation

® Side-by-side Installation

S
Y

Front view Side view Front view Side view
D:;::- Distance

T 100 mm min.

B 100 mm min.

St 40 mm min.

S2 10 mm min."?

C1 R8BD-1SMO1L-ECT/-1SNO2L-ECT/-1SNO4L-ECT/-1SNOTH-ECT/ 45 mm min.
-18ND2H-ECT/-1SNO4H-ECT/-1SNO8H-ECT/-1SN10H-ECT
R&8D-1SN15H-ECT/-1SN20H-ECT/-1SN30H-ECT/-1SNDEF-ECT/ 60 mm min.
-1SN10F-ECT/-1SN15F-ECT/-15N20F-ECT/-1SN30F-ECT

Ca 50 mm min.

Ca 70 mm min.

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

threaded portion has the sufficient strength to withstand the recommended torque.
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m Space Conditions around Servo Drives with its capacity 5.5 kW or more

Install the Servo Drive according to the following.

® Single-unit Installation

Front view Side view

® Side-by-side Installation

Front view Side view
D;?:‘n' Distance

T R88D-1SN55H-ECT/-1SN75H-ECT/-1SNS5F-ECT/-1SN75F-ECT 200 mm min.
R88D-1SN150H-ECT/-1SN150F-ECT 280 mm min.

B 500 mm min.

S1 40 mm min.

Sz 40 mm min.

Ci RBBD-15SN55H-ECT/-1SNTSH-ECT/-1SN55F-ECT/-1SNTSF-ECT 130 mm min.
RBBD-1SN150H-ECT/-1SN150F-ECT 170 mm min.

Cz 50 mm min.

Ca 450 mm min.

Install the Servo Drive on the vertical metal surface.

To provide electrical conduction, remove any paint from the surface on which you install the Servo
Drives. Also, it is recommended that you apply conductive plating if you make the mounting bracket
by yourself.

The recommended tightening torques for installing the Servo Drive are the followings. Make sure
that the threaded portion has the sufficient strength to withstand the recommended torque.
R88D-1SN55H-ECT/-1SN75H-ECT/-1SN55F-ECT/-1SN75F-ECT: Tightening torque 3 N-m
R88D-1SN150H-ECT/-1SN150F-ECT: Tightening torque 5.2 N-m

Set S> distance over a value shown above table to install a Servo Drives.
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In case of using the shield clamp, please fixe it in advance with the existing screw

l Gravity direction

Bottom of Servo Drive

l Gravity direction

Bottom of Servo Drive




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

1. Please handle the motor carefully & do not apply heavy impacts or loads during
transport, installation, or removal of the motor.
? TV %
2. Please fixe and connect the motor to the mechanical system
Note: At first, please check motor operation without any load.
3. Please attached the power and encoder cable

Here is an example with 200W motor
» o

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

=

Additional Information
For further details about coupling method, please refer to 1S-series AC Servomotors and Servo Drives

User’s Manual (with Built-in EtherCAT Communications) (Cat. No. 1586)

m Wiring

1.

Overview
B Wiring Diagram

Protection Servo Drive Servomotor
Element Noise Filter I
| Encoder [ | Encoder
L1
L2 0

<

? sl<|c

1— W

L3 v —_|_ l

()
i
E

Here is an example servo drives with its capacity 3 kW or less.
For servo drives with its capacity 4 kW or more, refer to section 4-2 wiring of 1S AC servo

drive user’s manual (Cat. No. 1586)

19




20

Remove power connector(s) (CNA) or (CNA)/(CND) from the drive depending on
the model:

100V/200V (up to 1kW) 200V (1.5kW-3kW) 400V (0.6kW-3kW)
R88D-1SNO1L-ECT/-1SNO2L-ECT/-1SNO4L-ECT/1SNOTH-ECT/ ; ECTI- -ECT/- LECT/- :
I “1SNO2H-ECT/-1SNO4H-ECT/-1SNOBH-ECT/-ISN10H-ECT | s sah eon s oA T Noar T

Status indicators 7-segment display ——— 11— CTTAP L)Y A I

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

CNA

24 o bezav
T Io‘

ov

Connect wires with the spring opener

Spring opener

Spring opener

Please refer to the corresponding connector depending on your drive and power supply:

CNA for 100V/200V (up to 1kW) CND for 200V (1.5kW-3kW) 400V (0.6kW-3kW)
L1 L2 13 B3 B2 P/BL N1 N2 N3[r2aV @] [zav @] nc
gogogooogogdgogogd ooan
(OJORCRONCRCRCRONONCHE. 00O
= E—

Please wire the AC power supply
Please refer to the corresponding connector depending on your drive and AC power

supply type
1-Phase
100V/200V (up to 1kW) 200V (1.5kw)
12[13] B3 B2 P/BL NI N2 N3+24V @ B1 B2 B3 [13] L2 [
mlisi=i=l=i=l=l=l=l=0= oooood
OO0OO000O0 QO O O OO OO0
o S ===
200V (up to 1kW) 200V (1.5kW-3kW) 400V (0.6kW-3kW)
e JJ """ :J)\C% [CT 2 3] B3 B2 P/BI N1 N2 N3+24V @ 81 B2 B3 [L3 L2 LI
;’:ﬁ 00000000 QOo0 odoood
e O0000000000| [j[00 000
%\[ L3 E———T

rva

Example:cna) for 100v/200V (up to 1kw)




Please remove the motor connector (CNC) from the drive:

Encoder connector (CN2)

Brake interlock
connector (CN12)

fservomotor connector
(CNC)

S — FG terminal

Please wire U, V, W of the motor (stripped wires)

Pin No. Name
1 U
2

3 w S b%

<
odf-
ool
O |«
N\

@terminal

P 1

/// // | i

e 1% ‘
i

R

I

- J “ USB connector (CN7)

7-segment LED display ——{_ Status indicators

1D switches ——»[_ | g

Status indicators ——*[_

Please plug back above connectors to the drive. (Power and Motor)

Please fixe the FG wire from the motor cable to the drive

[
Control IO
safety connector (CN1)

FG terminal —

Or
In case of using the shield clamp, please attach the cable to the clamp in order to
connect the shielded section.

y
|
o |
1
!

10.

Please plug the encoder cable to the drive (CN2)

- Encoder connector (CN2)

Brake interlock
connector (CN12)

Servomotor connector
(CNC)
—— FG terminal

Additional Information

For further details about wiring method, please refer to 1S-series AC Servomotors and Servo Drives

User’s Manual (with Built-in EtherCAT Communications) (Cat. No. 1586)
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m 1/0, Safety Wiring

1. | By default, STO function is inhibited and bypassed with jumpers

1: EDM+P EDM- il

SFA 122 J
SF1+ 23

2:EDM+

3:5F1+
[ 4:5F1-
5:SF2+

E 6:5F2-
7:SFB

SF1. 24
SF2+ 125 ]
SF2- 126 Safety /0

: READY 9:0UT1+ oUTL- 29 Default allocation
1 R-OUTL 10:0UT2+ ‘ ouT2- :30
I R-OUT2 11: OUT3+ [ours- 31|
Il ESTP 12:IN1 IN2 32 || poT
= NOT 13:1N3 g 33 |G
i MON1 14:IN5 IN6 34 || mMonz
Il EXT1 15:IN7 INg 35 || ExT2
[} 16:GND COMMON 36
] 17:A+ A 37
= 18:B+ B .38
l 19:Z+ zZ- 39
20:F6 FG 40

2. | In case of using STO by hardwire, Please make the proper wiring between the safety
controller and the drive
Safety

Safety output
Controller (source) .
G9SP Series Safety ServoDrive ‘
output 1 SF1 + i
|
Safety input E E !
SF1 - | { !
Safety ; ‘
output 2 SF2 + 1 @
|
|
SF2 - { i
|
Test i ov.. .. ®%° 4 - 0 i
output EDM + P
Safety EDM +
input EDM -
EDM EDM
input output

Wire SF1 and SF2 to different safety outputs.

Servo Drive
Safety Input
EDM input
Safety Test output 1: EDM+P EDM- 21
Controller 2: EDM+ SFA 22
Safety output 1 3:SF1+ SF1+ 123
4:SF1- SF1- 24
Safety output 2 5:SF2+ SF2+ 25
BESER= SF2- 126
7:SFB NC 27
8: /ERR+ ERR- 128 ov
9: OUT1+ ouT1- 29

22



In case of using STO by hardwire for multiple servo drives, Please make the proper

wiring between the safety controller and drives.

Servo Drive

Safety
Controller Safety output I
GISP Series (source)
) Safety oulpu'i 1 SF1 +
SF1 -
Safety output 2 SF2 +
SF2 -
—
4 Test output EDM +P
EDM +
Safety input] EDM -
EDM input EDM
output
SF1+
SF1-
SF2+
|
SF2- ;
EDM +P
EDM +
vYov

Safety
Controller

Servo Drive 2

Safety Input
EDM input

| I—

Test output 1:EDM+P i EDM- 21 1; EDM+P N EDM- 21
2:EDM+ i SFA 22 _I— 2 EDM-+ e 22
Safety output 1 3:5FL+ SF1- 23 3 5F1+ [ s 23
4:5F1- SF1- 24 4: SF1- | 24
Safety output 2 5:5F2+ SF2+ 25 5:5F2+ = 25
6:5F2- sF2- 26 6:5F2- || s 26
7:5FB NC 27 7:5FB nlis 27
8: ERR+ ERR- 28 8: /ERR+ | e 28
9:0UT1+ ouTI- 29 9:0UTL+ | oo 129

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

ov
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When general I/Os are required, please make the proper wiring.
Here is an example of latch input 1:

I Control /0 Signal Connections and External Signal Processing

Extemal power___12 1024 VDCJICOMMON
supply i = =
- LAY |
12VDCs5% o} General input 1 IN1 L | — IERR+
o ot Mo N
24VDC15% DA [
e
JERR
i :@
| General input 2 IN2 S
[ S GUT1+
o Pyt 3 OUTH
Ji \@ [ Maximum service
- 1
|GeneralinputaiNg | | LN oum- W‘;g\fuc
= S Maximum output
i E—— ouT2+ | curent
Ir S S :1‘4 | 50 MADC
|General input 4 IN4 b
— ouTz-
= N
!
(] §T/Hl | E— +
|General input 5 INS 3 LSS N =rpour
— T | SE—
= —— 3 OUT3-
[ S|
General input 6 ING i
| General input & IN6
A" Encoder puises
A Phase A output
- Line Drive
Encoder pulses | output
g PhaseBoutput | EIARS422A
T compliant
-
Encoder puises
| 7. Phase Z ouput
©GND
-
Extemnal power =
ly  omeeee
ey EDM+ P Maximum service
24VDCs6% | With short-circut voltage: 30 VDG
- protection Maximum output
) EDM+ current: 50 MADC
Without Leakage current:
shortcreult 1 mAor less
protection Residual voltage
3V orless

EDM-
FG
Frame ground

!
R
[
1

1: EDM+P EDM- 21
2: EDM+ SFA 22
3: SF1+ SF1+ 23 j
[ 4: SF1- SF1- 124
5: SF2+ SF2+ £25) ]
6: SF2- SF2- 26
E 7: SFB NC 27
8: /ERR+ ERR- 28
‘ READY 9: OUT1+ QuUT1- 29
| R-OUT1 10: OUT2+ | QuT2- :30
R-OUT2 11: QUT3+ ouT3- 31
ESTP 12: IN1 IN2 132 POT
NOT 13: IN3 INA :33 DEC
MON1 14: INS IN6 :34 || MON2
EXT1 15: IN7 IN8 :35 || EXT2
16: GND COMMON :36
17: A+ ) A 37
18: B+ B- :38
19: 7+ Z- 39
20: FG FG 40

Additional Information

For further details about wiring method, please refer to 1S-series AC Servomotors and Servo Drives
User’s Manual (with Built-in EtherCAT Communications) (Cat. No. 1586)




I 3.2. System configuration with NJ and NX safety controller

m EtherCAT node address configuration

1.

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

Rotary switches for
node address setting

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

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

3. | Please connect EtherCAT cables to devices

CN10 EtherCAT IN: EtherCAT cable from NJ EtherCAT Master

CN11 EtherCAT OUT: EtherCAT cable to NX coupler unit
EtherCAT Master

NX coupler unit

i ef= F— NX safety CPU unit
NX Safety I/0 unit

(]
8

1S-series Servo Drives

=\

Additional Information

For further details about safety controller, please refer to the NX-series safety control
units user manual Z930
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I 3.3. Sysmac Studio project creation

26

m New project

1.

Create new project
Select NJ501-1500 from the list.

&7 offline

. New on'cl ’
[ Open Project

(]
f] ~ Import

A\ online

& Connect to Device

= License

Import the sizing file
. Simulation Tools Help

Backup ’

Export Global Variables ’
Comments for Variables and Data Types »
Import ST Program...

Update Configurations and Setup Transfer Data

EtherNet/IP Connection Settings

Option...

Please select your sizing tool results

Documents library

15_Tutorial

=] Pmductﬁmd‘-_u?_ml

Note 1: Please refer to the “motor sizing tool startup guide” for learning how to create
the sizing result (1820-E1-01).

Note 2: If you do not use the sizing file import please refer to the annex “Add drive and
axis OFFLINE”

Device was imported successfully

Output
It
Inform
Infoerm

Configurations and Setup

L AT




5. Drive parameters were updated

Multiview Expl

new_Controlier 0 v

All porameters. ¥

|*¥] op | Description
Sync Not Received Timeout Setting
- Motor Rotation Direction Selec... 1: A positive direction command sets the motor rotation

TDF control

Basic Fun:

Basic Functions.
B. - Fun

Machine - Inertia Ratio 411

0: Disabled
Machine - Backlash Compensation Amount 0

Machine - Backlash Compensation Selection

Machine - Backlash Compensation Time Constant 000

Machine - Motor Revolutions 1

If you do not use NX Safety, please jump to step 10

7. Add a terminal coupler in EtherCAT editor
Double click on EtherCAT

Multiview Explorer

new_Controlier 0

A4 Configurations and Setup

L] , 1

Map

Controller Setup

Drag and drop the terminal coupler

EtherCAT x

Node Address!Network configuration
Master
Master
EOD1
RS8D

NO2H-ECT Rev:1.0

NX-ECC201 Rev:1.2

Toolbax

L

All groups
|

O Integrated Motors
[ Frequency Inverter
= Digital 10

= Analog 10

= Encoder Input

Input Keyword

ow all versions

I I NX-ECC202 Rey:1.2

I l NX-ECC205 Rev:1.3

27




28

8. Add NX Safety unit
Double click on NX Coupler
new_Controller 0 » |
A4 Configurations and Setup
Drag and drop NX safety controller
Toolbox
oup
1 Heater Burnout Detect De
11 Load Cell Input Device
A Position Interface Device
I Serial Interface Unit
A System Unit Device
ty Digital lhput Devict
[0 Safety Digital Output Devi
Product name
Unit version
NX Unit Number
NX Unit Mounting|
Senial Number
Power consumptid
Unit wadth
1/0 allocation sett] IJ NX-5L3500 Ver:1
9. Add NX safety I/O units
Drag and drop Safety I/O
roup a oup
1 Heater Burnout Detect De 1 Heater Burnout Detect De
11 Load Cell Input Device Il Load Cell Input Device
I Position Interface Device A Position Interface Device
1 Serial Interface Unit 1 Serial Interface Unit
H System Unit Device A System Unit Device
n Sd’my CflU De [ Safety CPU Device
n [ safety Digital Input Devic
11 Safety Digital omnut Devi 1] Safety Dighal Qutixt Devi
how all versions all versions
i
v
10 Please turn on the power supply of all devices.




11. Connect to NJ
Please setup the method of connection
sject  Confroller  Simulation  Taols  Help
Enter the IP address and test the connection
| Bi| Communications Setup.
12. Send Program to NJ

Push synchronize button

*

Uncheck the below box in order to send drive parameters and push transfer to controller

| L - (e

29




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

30

m Quick setup wizard

1. Please right click to the drive and select “setup and tuning”
M Configurasons and Setwp |
WV i EtherCAT
LY DataTrac Status Monitor
U/Expansion F Motor and Encoder
Test Run
Damping Control
Initalze
Properties
direct Connection (USB)
» Event Settings
2. Select quick setup
Setup and Tuning Portal
You can do 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 /O signals.
¥ Tuning (Single Drive)
(Choose the type of tuning to perform:
Easy Tuning Advanced Auto-Tuning Manual Tuning
Tune based on simple steps. ::“;;!fl:‘::‘:l‘:“"‘"g AR Tune based on setting the machine rigidity.
3. This setting is related with Encoder usage and I/O pre-configuration
Recommended settings O Us
When using /O features of the drive in the motion control (MC) function module of
Sysmac Controller, recommended settings should be used. (Related inputs: IN2: POT,
IN3: NOT, IN4: DEC, IN7: EXT1, IN8: EXT2, Absolute encoder usage: “Use as absolute
encoder but ignore multi-rotation counter overflow”).
4. Absolute encoder usage

~How to Use Absolute Encoder —
@ Use as absolute encoder
@ Use as incremental encoder
© Use as absolute encoder but ignore muiti-rotation counter overflow

Transfer To Drve

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

1S motor has an absolute encoder for all models. But it can be used as incremental if
needed. When using Sysmac Controller, it is recommended to keep the default value. (as
described in previous step 3)




Setup of the absolute encoder

Setup Absolute Encoder

Launch Motor and Encoder view

This function can be used for resetting the multi turn data or when replacing a motor
actual machine.
Reset multi-turn data:

Please push “clear system”

[=HE

v Encoder Status

Encoder - Resolution per Rotation 8388608

Encoder - One-rotation Data 7819385 Encoder Unit
Encoder - Multi-rotation Data 522 Rotations
Encoder - Electric Angle 237 degree

Encoder - Mechanical Angle 335 degree

Encoder - Encoder Temperature 40°C

¥ Operations

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

This setting required the drive to be restarted; Sysmac Studio can do it by pressing yes.

S

E Encoder- Me

E Encoder- Enc 5 _
Restart the drive to complete the operation.

¥ Operations Do you want to r drive now?

Clear system A system will change to a new position data system.
~CumentAlaGrm ———————
Event Name | Error Code

Absolute Value Cleared  27.01

Reset alarm

Reset Communications Error Count

Reset Motor Replacement Detection error

Encoder multi rotation data has been cleared

Encoder - Resolution per Rotation

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

ENCOGET - CIECITIC ANGIE Yo gegree

Encoder - Mechanical Angle 19 degree

Encoder - Encoder Temperature 42°C

¥ Cperations

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

- Current Alarm
Event Name | EmorCode |

Reset alarm
Reset Communications Error Count

Reset Motor Replacement Detection error

in
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Adjust the motor direction and transfer to the drive

~ Motor Rotation

Mobor Rotation Direction Setting’.

Validate the motor operation
Apply the test run configuration, activate the Servo ON and initiate the movement

~ Configuration
Operation Direction
Jogging
Target Speed
pm

Acceleration/Deceleration Time
50 : ms
Step Distance |3
Command Unit

shaft revolutions

Number of Cycles

Dwell Time

Motion ——
| ~Motion - Actual Current Position

|
{ | Actual Current Position FEEISEE] Command Unit
[EEEEE] Command Unit

Actual Current Speed

Actual Current Speed
—

Servo OFF

Note: In case of Error 87.00 ESTP input, please check your wiring connection or disable the
error stop input (IN1) as explained in the next step.

- =

Click next




Adjust Input settings, transfer to the drive and validate with test run

By default, ESTOP Input is activated, please deactivated if necessary (as following).
When ESTP is activated, Error 87.00 is present on the drive.

Direction

v
Pasitive Drive Prohibition Input - Port . =
Negative Drve Prohibition Input - Por =
Home Proximity Input - Port Selection =
Monitor Input 1 - Port Selection [MOR v
Monitor Input 7 - Port Selection (MOR v

External Latch Input 1 - Port Selection

{ Tell TeX To}l Tol Tolel Nel Nel

External Latch Input 2 - Port Sclection ™~

Back to Portal

9. If necessary, Adjust Output settings, transfer to the drive and validate with test
run
10. Please click finish

| ()|
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I 3.5. Gain tuning

3.5.1.

34

The 1S series provides two auto-tuning functions. For details on the procedures, refer to 3.5.1
Easy Tuning and 3.5.2 Advanced Auto-Tuning respectively.

Easy Tuning

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

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

2. Please select Easy Tuning

Setup and Tuning Portal

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

¥ Quick Parameter Setup and I/O Monitor

Quick Parameter Setup and I/O Monitor

Setup basic parameters quickly and monitor 1/O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability

Tune based on simple steps. s e

Tune based on setting the machine rigidity.

3. Please select simple mode and click next




Please adjust the motion profile

Profile and Criteria » o » n » B

Configure auto tuning behavior and criteria of finishing auto tuning.

¥ Motion Profile Generator

@ The Motion Controller will perform the motion profile

O Sysmac Studio ( stion Controller) vl perform a Cydlic §
Direction Forward > Reverse v

pulses

ep Distance @

(¢} t 3,000 shaft revolutions

Step Jog Speed

96165¢

24
.
:

W Criteria for finishing Auto Tune

Stabilizatio O Manual

3

@ Best Effort

p N window 8000 3 nmand Unit

nsiveness O Focus on positioning @ Focus on overshoo
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Please adjust criteria and click next

W Critenia for finishing Auto Tune

Stabilization Time O Manua @ Best Effort

vibration detection level

Position windaw FTTTR Command Unit
-

Responsiveness ) Focus on positioning @ Focus on overshoot suppression

Back to Portal

e If you choose the manual setting of settling time, gain will be increased gradually
until achieving the specified settling time. The positioning window, specify the
position deviation to determine that the positioning is completed. If it detects a
vibration above the vibration detection level during tuning, an adjustment failure will
occur.

e If you select the best effort mode, gain will be increased gradually until the system
does not exceed the vibration detection level.

Please click start, be careful the motor will move

» Auto Tune Manitor p c » a

ok Start button to start tunin JTION: The motor will be started

For s Stop

¢ 7igating away from this view wher tuning is in progress will stop

Trial Number [Times)

Position Proportional Gan 1 [Hz]

Speed Proportional Gain 1 [Hz

Tuning h an completed successfully.

Stabilizal e: 41 [ms)

| oxy

50000 50000 50000 S0000

Click next

=




Please click the record button, the motor will move and data will be traced and
auto scaled

IN: Start Trace button will make the motor move cydically

) X A Time (ms)

Device Name IX Offsetly OffsetlY Axis Min.lY Axis Max. ICursor! Minimum | Maximum| Average! Comment
r/min 0 D 5 41 OD: Dx3221.82
r/min 500 5¢ OD: 0x3010.84
% ) 0 ¥ . 156€ : 0x3030.81
Command Unit ) 653436 45907 OD: 0x3010.91

250
Time (ms)

Related Parame

|®| op —

»
010 10000
1.04 tion Command Filter - IR Filter Cutoff Freq 2 219 10 to 50000
301201 Damping Control - Damping Fiter 1 Selection 0 : Disabled Otod
Damping Control - Damping Filter 2 Selection 0+ Disabled 0 Otod
Damping Filter 1 - 15t Frequency 3000 05 103000
Damping Filter 1 - 15t Damping Time Coetficient 100 10 to 200
Damping Filter 1 - 2nd Frequency 3000 05 10 3000
Damping Fiter 1 Damping Time Coefficien 50 to 200
Damping Filter 1 - 3rd Frequency E 3004 05103000
Damping Filter 1 - 3rd Damping Time Coefficent 100 1 50 to 200
Damping Filter 1 - 4th Frequency 3 05 to 3000
Damping Filter 1 - 4th Damping Time Coef 100 50 to 200
Damping Filter 2 - 1t Frequency 05103000
ng Filter 2 - 1st Damping Time Coefficient 1 30 50 to 200

Damping Filter 2 - 2rd Frequency 0 05 to 3000

Back to Portal

Click Finish
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3.5.2. Advanced Auto-Tuning
This function uses FFT measurement data-based simulation to adjust the gain and filter
settings automatically. Repeating actual Servomotor operation is not necessary, and a fine
adjustment is possible in a short period of time.

m How to Perform Advanced Auto-Tuning

Overview

Estimate inertia
SERVOON — _ — FFT analysys

L

Adjust gains,
filters, maps

SERVO OFF —

Simulate in Simulate in time
frequency domain domain

Below example explain the way to tune a 1S servo drive and motor with Advanced

Check

SERVO ON behaviour

Auto-Tuning. This method of tuning decrease dramatically the number of tests and trial
with actual machine.

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

Connection (US8)

2. Please select Advanced Auto-Tuning

Setup and Tuning Portal

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

¥ Quick Parameter Setup and 1/O Monitor

Quick Parameter Setup and I/O Monitor

Setup basic parameters quickly and monitor I/O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

Auto-/Manual tuning based on FFT stability

T sed on simpk
une based on simple steps. analysis results.

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

Please select your control mode

Configuration )

¥ Select Control Type
Control Mode ) Position Control

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

w Select Control Type
Control Mode  © Position Control @ Speed Control

¥ Load Characteristic Settings
o &

Load characteristics have been updated

he mechanical system before tuning operation @ Use present setting

troller) will perform a Cylic Step Note: If the settings do not match with current load characteristics,
the accuracy of tuning will be lower.
pction  Forward > Reverse v
Current settings on the drive:
ce 25165824 ulses
® i Inertia Ratio %
Sysmac Studio Viscous Friction Coefficient
Unbalanced Load Compensation
Load characteristics settings estimated successfully.

amic Friction Compensation (Positive)

ic Friction Compensation (Negative) [ %

Advanced Auto-Tuning (Wizard Step 2)

Set the tuning finish criteria and the tuning level.

Click Start to start auto tuning.

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

Operation area

Tuning criteria ) Focus on positioning @ Focus on following

uning level [ [ e ow
Tuning level High Middi L

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

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

Tuning Area
Peak gain of Speed Closed Loop

Speed Proportional Hz

Speed Integral

Position Proportional Hz

¥ Torque Filter
[ enable Torque Filter ERE Hz

Speed Proport Tuning has been completed successfull.

Frequency [JJJEEER =
Peak gain of Position Closed Loop Qvalue

Depth [JIIER o

0
» Notch Filter 2
» Notch Filter 3
» Notch Filter 4

Frequency response simulation (Wizard Step 3)

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

Peak gain of Speed Closed Loop
100

Speed Integral (Hz)

Coupled

45 q rtional
Frequency (Hz) ed Integral [%

Psition Proportional Ml

[ Enable Coupled

Torque Filter [% Hz =

[% Enable  Frequency
oectr IR 0 —— —

¥ Torque Filter

¥ Notch Filter 1

» Natch Filter

100 Transfer To Drive
Frequency (Hz)

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

FFT measurement

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

1 gTH

=] b vl v

Refe\rence Speed Amplitude m r/min Speed Offset _ r/min Speed Amplitude Gain % Sampling Cycle §b&] b
Acceleration/Deceleration Time ms Swept Start Waiting Time ms Moving Average Number _

FFT measurement and simulated values are displayed (Gain and Phase)




Adjust gain and simulate
Adjust the gain to a proper value and push “refresh simulation”

Peak gain for Speed Closed Loop

100
Decrease Steady State Error .
Increase Responsiveness

Speed Integral (Hz)

Decrease Stabilization Time

32 79 199 500
Speed Proportional (Hz)

p 3 4 5 dB

% Speed propoﬁ_ Hz

Peak gain for Speed Closed Loop Peak gain for Speed Closed Loop
100

Speed Integral (Hz)

3 1 32 9
Speed Proportional (Hz) i Speed Proportional (Hz)

4 5 dB 2 3 4 5 dB

Specd Proportiono! NETE] Speed Proportonsl e
Speedinteqrol EGEE] - Speed ntegrl e

|
1000 1000

Pink curve is the measured value
Red curve is the simulated value
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Adjust notch filters and simulate
After increasing gains, the gain simulation shows a peak near 0dB. This peak shows a

resonance frequency:

Gain (dB)
<

-3
=}

e e ———

I
10 100

Frequency (Hz)

Activate the 1t notch filter to remove this resonance frequency at 2411 Hz:

¥ Notch Filter 1

[ Enable Frequency 2411 7 EE

O —
-
Depth m dB Refresh Calculations

1000




Increase gain with Maps and simulate

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

Peak gain for Speed Closel Loop

Peak gain for Speed Closed Loop
= FROM

=

Before notch

filter adiustment

]
1000

10.

Time response simulation (Wizard step 4)

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

Motion Profile
Step Distance @ SIS : Step Jog Speed m pm

() W shaft revolutions Acceleration/Deceleration Time ms

Simulate Motion Profile
(S

X Axis Time (ms) v L—

., M ITEp 0~

Name | Units IX Offsetly OffsetlY Axis Min.|Y Axis Max.!Cui
_) Position Command - Positior command unit  [d]

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

1790 3

—
@ positon Command - Motor Positon Command - Folawing Error @I@I@_ton - Presert Motor Veloaty rpm
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If your application required a small tracking error, here is an example of position
following gain adjustment:

¥ Feed-Forward Gain ¥ Feed-Forward Gain

Enable Enable
Position Following Gain [ EIE * Position F Gain
Velocity Following Gain [ ECIH * Velocity Fol i

Velocity FF Gain Velocity FF Gain

Velocity FF LPF Velocity FF LPF

Torque FF Gain Torque FF Gain

Torque FF LPF iz Torque FF LPF

Following error has been reduced.

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

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

4\ CAUTION: Start Trace button

\

Motion Profile
Step Distance @ Step Jog Speed m pm

() ERTIRR <haft revolutions  Acceleration/Deceleration Time [[JEEJH ms

(motion profile in Wizard step 3)

The chart is updated and shows:

- The speed command, speed detection, following error and torque.

If satisfied, please click next




13. Results (Wizard step 5)

( Related Parameters

Description ¥ | Drive Value # | Default ¥ | Range ¥ | Units ¥ |Data Attribute # |
il il

Machine - Inertia Ratio 4 01010000 %
Position Command Filter - IIR Filter Enable Otol
Position Command Filter - TIR Filter Cutoff Freq 179. 1 1.0 to 50000
ODF Velocity Feed-forward - Gain . 1 0.0 to 1000
ODF Velocity Feed-forward - LPF Enable Otol
ODF Velocity Feed-forward - LPF Cutoff Freque 1 1.0 to 50000
3113.01 ODF Torque Feed-forward - Gain 1 X 1 00 to 1000
113.02 ODF Torque Feed-forward - LPF Enable 0: Disabled Otol
3113.03 ODF Torque Feed-forward - LPF Cutoff Frequency 5000.0 X 1 1.0 to 5000.0
120.01 TDF Position Control - Command Following Gain & 10 to 5000
312101 TDF Velocity Control - Command Following Gain 100 10 to 5000
3213.01 Position Control Gain - Proportional Gain 40. . 0.0 to 500.0
322301 1st Velocity Control Gain - Proportional Gain 1 X LS 0.0 to 3000.0
322302 1t Velocity Control Gain - Integral Gain ¥ 2 0.0 to 16000
323301 1st Torque Command Filter - Enable 1: Enabled Otol
3233.02 1st Torque Command Filter - Cutoff Frequency S 1.0 to 50000
331001 Torque Compensation - Viscous Friction Coeffic-- ) 1 0.0 to 10000 %
331003 Torque Compensation - Positive Dynamic Fricti 1 11 A 00101000 %
%

= 331004  Torque Compensation - Negative Dynamic Frict-~ 1.1 5 Y 00t0 1000
= 332101 Notch Filter - Enable abled Otol

>®>>»>»>>>P>P>>>>>>>b P>

Save to EEPROM

the drive EEPROM.

I 3.6. FSoE STO activation

If you do not use NX Safety and STO via FSoE, please ignore this part (3.6)

m Manipulation to activate FSoE STO

1. Please double click on EtherCAT

new_Controller 0 v | l ‘

v
v
¥ (& Nodel : REED-1SNO2L-ECT (E001) : Offline
L= Para
L FFT

2. Please select the drive and Edit PDO map settings of the drive
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Select safety input and output (273th)

8l £t PDO MoplBettings C] 1

0x0000:00 6 [bit] — =
0x6632:00 1[bt] BOOL  emor acknowledge e
0x0000:00 8 [bit] -

OxE700:03 16(bil UINT  FSOE Master CRC_O
oOxE [bit UINT  FSoE Master Conn

1st transmit PDO Mapping ~ Editat
258th transmit PDO Mapping

259th transmit PDO Mapping ——

260th transmit PDO Mapping —
261th transmit PDO Mapping

No option
512th transmit PDO Mapping —

3 Cancel |~ Apply

It is necessary for setting the information in the safety telegram.

Select the new safety CPU

-1
new_Controller 0 v ‘ l |

¥ [ Nodel T (E001) : Offline
L= Parameters
LA FFT

new SafetyCPUO REBD-1SND2L-ECT; 1.0

R4 configurations and setup N SIDBOG; 10

HX-50D40C; 10

Safety signals from the servo are shown as Safety I/O




Add the Emergency stop button

L4 Configu
v

raticns and Setup

Communications

[ FProgramming

» Toolbox -1

<Search> v

¥ Input Device: Safety Switch

Emergency Stop Switch for Sing

[ Emergency Stop Switch for Dual Channel Equivalent] | Node2/Unit2 : NX-SID200 (N2 : Instancel)

sioo

Si01
To
T1

si02
Si03
Sin4
Si0s
Sio6
Si07

Safety-door Switch for Dual Cha

Safety-door Switch for Dual Cha
Safety-door Switch for Single Ct
Safety Limit Switch for Dual Cha
Safety Limit Switch for Dual Cha
Safety Limit Switch for Single Ch
Two-hand Switchs

Safety Key Selector Switch for D

b| / Jor|o o |l avlenlls

¥

Add the Reset button

Emergency Stop Switch for Dual Channel Equivalent]

Node2/Unit2 : NX-SIDB00 (N2 : Instance0)

Si00

Sio1

& B

Reset Switch with Test Pulse

=

p Si03

olbox

<Search>

» Input Device: Safety Switch
Input Device: Safety Sensor
Input Device: Specialty Device

EDM Feedback

Input Device: Standard Input Device

[ et swicnwinou st e

» Input Device: Generic De

» Output Device: Relays with forcibly Guided Ct

» Output Device: Generic Device

Edit I/O Map variables

new_SafetyCPUD I
A4 Configurations and Setup

400 (N2 : Instanc

[ Node2n v

[ Node2n v

| RW | Data Type |

D-1SNO1H-ECT
¥ Safety Inputs
STO active R SAFEBOOL

Variable | Variable Comment | Variable Type

Error SAFEBOOL

Safety Connection Status Y= Yo Connection_Status

¥ Safety Outputs
sTO SAFEBOOL

Error Ack SAFEBOOL
NX-SIDB0O
¥ Safety Inputs

$i00 Logical Value R SAFEBOOL

lobal Variables

SAFEBOOL
SAFEBOOL

Iam\ Variables

SAFEBOOL

Si04 Logical Value

5i05 Logical Value

$i06 Logical Value

Si07 Logical Value
¥ Status
Safety Connection Status SAFEBOOL

Safety Input Terminal Status R SAFEBOOL
NX-S0D400
¥ Statu:
Safety Connection Status R SAFEBOOL

Safety Output Terminal Status SAFEBOOL
¥ Safety Outputs
5000 Qutput Value SAFEBOOL

lobal Variables

So01 Output Value SAFEBOOL

$002 Output Value SAFEBOOL

5003 Output Value SAFEBOOL
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Create safety program

e SoetyCPUD " : s+ Emergencyiop_|SS IR
b Coriouatons anasete | e
=

SF_DERGENCYSTOR O
SF_Emergencystop
THUE —{Activate Resdyf- SI_Connection_Status
SIESTORL |5 EStopln s Eseopous|

—1s_scarcaeser Errock 51

— S NitoResED Diageode} 51
SI_RESET  [Reser ©4300ma — [MonltoringTine
5_ScartResec

SI_RESET —|Reset

10.

Transfer to the controller
Please select the controller area

new_SafetyCPUO

new_SafetyCPUO

¥ 7 & Communications

Transfer to the controller

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

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

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

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

Transfer To Controller Transfer From Controller




11.

Download the safety application
Please select the new safety CPU

new_Controller_0

Safety Validation

The safety application is now ready to run

LSafety Validation

Safety CPU Unit will start in RUN mode on next startup

[F5%
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12.

The FSoE communication is now established

FS LED is green and fixed ON.

STO is activated when Emergency stop button is pushed

Displays FSoE
communications
status.

Green | ON FSoE slave connection established
Flashing FSoE slave connection establishment in
progress
Red | Flashing Safety Parameter Error, Safety
Communications Timeout, or other
errors
- OFF STO via FSoE is disabled, the power is

not supplied, or a fatal error including
Self-diagnosis Error

STO is released when Emergency stop button was released and RESET button

activated.




ANNEX

I Add a drive and axis OFFLINE

m Creating the EtherCAT Network Configuration

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

Multiview Explorer

-
new_Controller 0 ‘ l ‘

b J Cenfiaurations and Setun

>

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

EtherCAT %

Node AddressINetwork configuration
= Master
Master

R88D-15N02H-ECT Rev:1.0

=\

Additional Information

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

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

51



m Setting the axis

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

1. | Right-click MC_Axis000 (axis 0) in the Multiview Explorer and select Edit from the

menu.

Master
Master

R88D-1SNO2H-ECT R

Axis Setting Table

Multiview Explorer

new_Controller_0

menu.

Cut
Copy
Delete
Rename

v @ pol

% Programs

Pane.

Multiview Explorer

-~ T -F
new_Controller 0 v ‘H

A Configurations and Setup
Axis number
s ust
Axi

Channel

Channel

Channel

Channel

Channel

e3 Channel

» Detailed Settings

52



Select Servo axis in the Axis type Box.

Axis number

Axis use Used axis -
Axis type Virtual servo axis v
Feedback control 5
Encoder axis

= Input device 1 Virtual servo axis
Input device 2 Virtual encoder axis

<

Input device 3 <HNot assigned>
o S —— -

Select the Servo Drive to use in the Input device Box

Axis number
Axis use Used adis
Axis type Servo axis
No control loop
Input device 1 <Not assigned>
Input device 2 <Not assigned>
Input device 3 <Not assigned>
Output d 1 <Not assigned>
Qutput d
Qutput device 3

<Not assigned>

l‘@'l
A
Axis number
Axis use Used axis
Axis type  [Servoaxis
Feedback control No control loop
Input device 1 <N igned> Channel
Input device 2 [% Channel
Input device 3 [& Channel
‘Output device 1 1RBBD-1SNOZH-ECT(E00T) Channel
‘Output device 2 <Not assigned> v Channel
‘Output <Notassigned> v Channel
¥ Detailed Settings

Set the parameters on the Axis Parameter Settings Tab Page

The following figure shows the axis parameters for the unit conversion settings.
Unit of Display: degree

Command Pulse Count Per Motor rotation: 8388608 (23 bit)

Work travel distance per motor rotation: 360°

{10
++
HH

¥ Unit
Unit of display @ pulse @ mm ® um ® nm Q degree @ inch

¥ Travel Distance

Command pulse count per motor rotation kRG] pulsefrev  —- (1)

© Do not use gearbox

Work travel distance per maotor rotation degree/rav —- (2)

Number of pulses [pulse - - UDINT], Travel distance [Unit of display]
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Operation settings
Maximum Velocity: 18 000 degree/s

Maximum Jog Velocity: 360 degree/s

E MC_Axis000 (0) x

¥ Velocity/Acceleration/Deceleration
Maximum velocity E Velocity wamning value -
Start velocity E
Maximum jog velocity
Maximum acceleration /s Acceleration warning value
Maximum deceleration Deceleration warning value
Acceleration/deceleration over Use rapid acceleration/deceleration (Blending is changed to Buffered) v
Operation selection at Reversing Deceleration stop| ¥

¥ Torque

Positive torque warning value - % Negative torque warming value - Yo

¥ Monitor

In-position range i1} degree In-position check time i} ms
Actual velocity filter time constant 1] ms Zero position range 10 el=0 =

Position count settings
Count mode: Rotary mode
Modulo max: 360

Modulo min: 0

Count mode @ Linear mode ) Rotary mode

Modulo maximum position setting value 360 Kl
Modulo minimum position setting value [1] degree

Encoder type Absolute encoder ¥




I Test run and data trace

1. | Please right click to the drive and select “test run”
hJ Configurations and Setup
CAT

o
ms

s pulsc

(] shalt revolutions
Foreard > Reverse ¥
:

Divitve Status

| Current P X 426708262 Wil

Actual Current Speed n rpam

Target Spesd

¥ Cperating Range Limit

5. | Chose cyclic mode

Trace Type Single
Post-trigger Single

% B

6. | Adjust the sampling interval

Sampling Interval Time v Interyal m- us
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Adjust the trigger condition

DL GET R NETR (5T TS SR MR DTS Position Command - Motor Velocity (16 bit) [P 0
Trigger 2 = 0

r/min No Filter v

No Filter

Push record button

Sysmac Studio is now waiting for the trigger

(5 Output 4 Build

Waiting for trige

Place the Test run and Data trace windows side-by-side with docking window feature

-
'y A

g Interval [Time v us Total Trace Time ms

Enable Trig

Time (ms) v

| Device Name | Name
— !
-
= ET—

Alarm

ating Range Limit

X OffsetlY OffsetiY Axs Min. Y Axis Max.|CursarlMinimt y o 672125005 R
L 0 0 0 o
: mini 710212678 LR
G 5
i

0
0
¢

-697077931 JENEY
o

O ML hsf revolutions

Forward > Reverse v
e
I

Time (ms)




I Manual tuning

m Manual tuning guide

1.

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

Status Monitor

F Motor and Encoder

Test Run
Damging Control

Properties

ect Connection

Please select Manual Tuning
Setup and Tuning Portal

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

¥ Quick Parameter Setup and I/O Monitor

Quick Parameter Setup and I/O Monitor

Setup basic parameters quickly and monitor I/O signals.

¥ Tuning (Single Drive)

Choose the type of tuning to perform:

Easy Tuning Advanced Auto-Tuning Manual Tuning

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

analysis results. Tune based on setting the machine rigidity.

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

~Configuration
Operation Direction
Joaging

Target Speed

Acceleration/Deceleration Time
Rigidity
- I

Distance [

Paramets

Ve
Value Command Unit

S et ]
Position Command Fifter - IR Filter Cutoff Freq— 5 ] _5"“’l revolutions
OF Velocity Feed-forward - Gain Opcles
ODF Torque Feed-forward - Gain 00
s mand Following Gain 50
on Control Gain - Proportional Gain Dwell Time
osition Control Gain - Proportional Gain
st Velocity Control Gain - Proportional Gain

Integral Gain

Help

selects whether to enable or disable the IIR filter in the position command filter

nand Unit

Servo ON

Transfer to Drive
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In order to check the behavior of the motor,
Please right click to the “data trace settings” and add a new trace

EC_Master v

hJ Configurations and Setup Main circurt power supply not

re Posshion Limit staf

X

Marri

¥ Cperating Range Limit

Chose cyclic mode

Trace Type Single
Post-trigget Single
e R

Adjust the sampling interval

Sampling Interval Time v Interyal m. us

Adjust the trigger condition

DEERETTL LT NELR TS U SR LTS Position Command - Motor Velocity (16 bit) (B 0 r/min No Filter v

Tnigger 2

Disable parameters reading

Push record button

Sysmac Studio is now waiting for the trigger

(S Qutput 4, Build

Waiting for trigger...

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




Configure the motion profile and click Apply

~Configuration
Operation Direction
Step hd Forward > Reverse v
Target Speed
so0 *
Acceleration/Deceleration Time

Y
50 * e

step Distance [

251655824 : Command Unit

2.000 * shaft revolutions

Number of Cycles
17

Dwell Time

14

10.

Activate the Servo ON and Push Start

~Motion

Actual Current Position

-113485803 feslulythl]

Actual Current Speed
I

Servo ON

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

11.

The data trace is now triggered and result displayed
(=i Output 4 Build

Sampling...

Control Mode [
O Two-de

Trig

IX Offset!Y Offset!Y Axis Min.IY Axis Max.|CursorlMinin | [Machine Rigidity Settings

0 = Rigidity m
-

Parameters

|| o0 w|

15t Position Control Gain - Proportionsl Gain
ol Gain - Proportional Gain
322301 1t Velocity Control Gain - Proportional Gain

1st Velocity Control Gain - Integral Gain

whether to enable or disable the TIR filter in the position command filter.

Transfer to Drive
300
Time (ms) Back 16 Portal

step Distance [
25165824 o
Number of Cycl

Dwell Time

Actual Current P
-113485671 [euLEuT]
Actual Current Speed
pm

Servo OFF
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12. | It is possible to increase gain values by changing the rigidity settings
-Machine Rigidity Settings -
Rigidity
| ~Parameters
|¥| ob #|
er- H[1: Enabled
& 3011.04 Position Command Filter - IIR Filter Cutoff Freq--- 55.1
= 311201 ODF Velocity Feed-forward - Gain 300
= 311301 ODF Torque Feed-forward - Gain 0.0
= 312001 TDF Position Control - Command Following Gain 50
B 321301 1st Position Control Gain - Proportional Gain |
B 321401 2nd Position Control Gain - Proportional Gain
B 322301 1st Velocity Control Gain - Proportional Gain
B 322302 1st Velocity Control Gain - Integral Gain
~Help
Selects whether to enable or disable the IR filter in the position command filter.
Push transfer to send the gain parameters to the drive.
13. | Please repeat step 10,11 and 12 until achieving the desired performance

If vibrations appear, please reduce the rigidity settings.

If required, it is possible to increase responsiveness by applying notch filters in Advanced
Auto-Tuning mode and adjusting gains. Please refer to 3.5.2 Advanced Auto-Tuning.




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