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Introduction

Introduction

Thank you for purchasing an NJ-series Robot Integrated CPU Unit.

This guide describes the startup procedure of the "Robot Integrated System" that contains NJ-series
Robot Integrated CPU Unit and Omron robots and the basic operating procedure of the Sysmac Stu-
dio using a simple machine model. You can learn the basics of the Robot Integrated System in a short
time while you operate the system according to this guide.

For information on wiring and operation settings of NJ-series Robot Integrated CPU Unit, IPC Applica-
tion Controller, robots and their peripheral devices, refer to Related Manuals on page 23.

This guide does not contain safety information and other details required for actual use of the prod-
ucts. 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 safe-
ty precautions, precautions for safe use, and precautions for correct use.

For safety instruction of the robot and details on robot use, refer to the Robot Safety Guide (Cat. No.
1590).

Intended Audience

This manual is intended for the following personnel, who must also have knowledge of electrical sys-
tems (an electrical engineer or the equivalent).

» Personnel in charge of introducing FA systems.

» Personnel in charge of designing FA systems.

» Personnel in charge of installing and maintaining FA systems.

» Personnel in charge of managing FA systems and facilities.

Also, this manual is intended for the personnel, who understand the following contents.

» Personnel who understand the programming language specifications in international standard IEC

61131-3 or Japanese standard JIS B 3503, for programming’".
« Personnel who understand the specifications of NJ-series CPU Unit and know how to use it"".

« Personnel who understand basic operation procedure of the Sysmac Studio”".

» Personnel who have attended the industrial robot seminar held by Omron or have equivalent knowl-
edge.

» Personnel in charge of working with a robot and well knowing how to handle the robot.

*1. For information of the international standard IEC 61131-3 and basic operation procedure of NJ-series CPU
Unit and Sysmac Studio, refer to the Relevant Technical Guides on page 26.

Applicable Products

This manual covers the following products.
* NJ-series Robot Integrated CPU Unit
NJ501-ROOIO

« SCARA robot eCobra 600/800
RL4-O00000O00O

» IPC Application Controller
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Relevant Manuals

Relevant Manuals

The following table provides the relevant manuals for the NJ-series CPU Units. Read all of the man-
uals that are relevant to your system configuration and application before you use the NJ-series CPU
Unit.

Most operations are performed from the Sysmac Studio Automation Software. Refer to the Sysmac
Studio Version 1 Operation Manual (Cat. No. W504) and the Sysmac Studio Robot Integrated System
Building Function with Robot Integrated CPU Unit Operation Manual (Cat. No. W595) for information
on the Sysmac Studio.
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Introduction to NJ-series Controllers ©)
Setting devices and hardware
Using motion control O
Using EtherCAT O o
Using EtherNet/IP o
Using robot control for OMRON robots O
Software settings
Using motion control O
Using EtherCAT O
Using EtherNet/IP O O
Using database connection service O
Using robot control for OMRON robots O O O
Using robot control with NJ Robotics function O
Writing the user program
Using motion control O O
Using EtherCAT O
Using EtherNet/IP ©)
- - - o (@)
Using database connection service O
Using robot control for OMRON robots @) O O
Using robot control with NJ Robotics function O
Programming error processing @) O O O
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Testing operation and debugging
Using motion control O
Using EtherCAT O
Using EtherNet/IP o O
Using database connection service O
Using robot control for OMRON robots ©) ©) @)
Using robot control with NJ Robotics function O
Learning about error management functions and
R A A A AN VAN O
corrections !
Maintenance
Using motion control o O
Using EtherCAT O
Using EtherNet/IP O

*1. Refer to the NJ/NX-series Troubleshooting Manual (Cat. No. W503) for the error management concepts and the error items. However,
refer to the manuals that are indicated with triangles for details on errors corresponding to the products with the manuals that are indi-
cated with triangles.
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Manual Structure

Manual Structure

Page Structure

The following page structure is used in this manual.

4 Installation and Wiring ————————— LeVeI 1 head|ng
Level 2 heading

Level 2 heading——— 1 4-3 Mounting Units — Level 3 heading

Gives the current
4-3-1  Connecting Controller Components headings.
The Units that make up an NJ-series Controller can be connected simply by pressing the Units together

and locking the sliders by moving them toward the back of the Units. The End Cover is connected in the
same way to the Unit on the far right side of the Controller.

A step in a procedure —————————1 in the unis sothat the connectors it exacty

Level 3 heading——

Indicates a procedure.

suun Bununow ¢

— Page tab

Gives the number
of the main section.

2 The yellow sliders at the top and bottom of each Unit lock the Units together. Move the sliders
toward the back of the Units as shown below until they click into place.

Move the sliders toward the back
until they lock into place.

$1BU0AWOD 900D BURAUOD 16+ T

Special information B procatons o Corc e

The sliders on the tops and bottoms of the Power Supply Unit, CPU Unit, I/O Units, Special /0
. . Units, and CPU Bus Units must be completely locked (until they click into place) after connecting

ICOnS |nd|Cate the adjacent Unit connectors.

precautions, additional

information, or reference

information.

Jul=Y

NJ-series CPU Unit Hardware User's Manual (W500) 4-9

Manual name

This illustration is provided only as a sample. It may not literally appear in this manual.
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Manual Structure

Special Information

Special information in this manual is classified as follows:

Precautions for Safe Use

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

MPrecautions 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.

Version Information

Information on differences in specifications and functionality for Controller with different unit versions
and for different versions of the Sysmac Studio is given.

Precaution on Terminology

In this manual, "download" refers to transferring data from the Sysmac Studio to the physical Control-
ler and "upload" refers to transferring data from the physical Controller to the Sysmac Studio.

For the Sysmac Studio, "synchronization" is used to both "upload" and "download" data. Here,
"synchronize" means to automatically compare the data for the Sysmac Studio on the computer with
the data in the physical Controller and transfer the data in the direction that is specified by the user.
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Sections in this Manual

Sections in this Manual

Overview

Before You Begin

Implementation Example of Static Pick-and-place
Equipment

Implementation Example of Dynamic Pick-and-place
Equipment

Appendices
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Terms and Conditions Agreement

Terms and Conditions Agreement

Warranty, Limitations of Liability

I Warranties

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

® 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.

® 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-com-
plying 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 re-
sponsible 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 Compa-
nies 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 https://www.omron.com/global/ or contact your Omron representative for published informa-
tion.

I Limitation on Liability; Etc

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL LOSS IN ANY
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Terms and Conditions Agreement

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.

Application Considerations

I 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 Buy-
er’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 par-
ticular Product with respect to Buyer’s application, product or system. Buyer shall take application re-
sponsibility in all cases.

NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE OR
PROPERTY OR IN LARGE QUANTITIES WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE
HAS BEEN DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL EQUIP-
MENT OR SYSTEM.

I Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable Product, or
any consequence thereof.

Disclaimers

I 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 per-
formance is subject to the Omron’s Warranty and Limitations of Liability.

I Change in Specifications

Product specifications and accessories may be changed at any time based on improvements and oth-
er 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
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Terms and Conditions Agreement

be changed without any notice. When in doubt, special part numbers may be assigned to fix or estab-
lish key specifications for your application. Please consult with your Omron’s representative at any
time to confirm actual specifications of purchased Product.

I Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate; how-
ever, no responsibility is assumed for clerical, typographical or proofreading errors or omissions.

Statement of security responsibilities for assumed use cases and
against threats

OMRON SHALL NOT BE RESPONSIBLE AND/OR LIABLE FOR ANY LOSS, DAMAGE, OR EX-
PENSES DIRECTLY OR INDIRECTLY RESULTING FROM THE INFECTION OF OMRON PROD-
UCTS, ANY SOFTWARE INSTALLED THEREON OR ANY COMPUTER EQUIPMENT, COMPUTER
PROGRAMS, NETWORKS, DATABASES OR OTHER PROPRIETARY MATERIAL CONNECTED
THERETO BY DISTRIBUTED DENIAL OF SERVICE ATTACK, COMPUTER VIRUSES, OTHER
TECHNOLOGICALLY HARMFUL MATERIAL AND/OR UNAUTHORIZED ACCESS.

It shall be the users sole responsibility to determine and use adequate measures and checkpoints to
satisfy the users particular requirements for (i) antivirus protection, (ii) data input and output, (iii) main-
taining a means for reconstruction of lost data, (iv) preventing Omron Products and/or software instal-
led thereon from being infected with computer viruses and (v) protecting Omron Products from unau-
thorized access.
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Safety Precautions

Safety Precautions

Definition of Precautionary Information

The following notation is used in this manual to provide precautions required to ensure safe usage of
the NJ-series Robot Integrated CPU Unit.

The safety precautions that are provided are extremely important for safety. Always read and heed the
information provided in all safety precautions.

The following notation is used.

Indicates a potentially hazardous situation which, if
not avoided, could result in death or serious injury.

A WARN I NG Additionally, there may be severe property

damage.

Indicates a potentially hazardous situation which, if

A Caution not avoided, may result in minor or moderate

injury, or property damage.

Symbols

The circle and slash symbol indicates operations that you must not do.
The specific operation is shown in the circle and explained in text.
This example indicates that disassembly is prohibited.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a precaution for electric shock.

The triangle symbol indicates precautions (including warnings).
The specific operation is shown in the triangle and explained in text.
This example indicates a general precaution.

The filled circle symbol indicates operations that you must do.
The specific operation is shown in the circle and explained in text.
This example shows a general precaution for something that you must do.

S>P o
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WARNING

/\ WARNING

Refer to the following manuals for warnings.
» NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
» NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037)

Cautions

Refer to the following manuals for cautions.
* NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
» NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037)
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Precautions for Safe Use

Refer to the following manuals for precautions for safe use.
» NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
» NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037)

NJ-series Robot Integrated System Startup Guide (0049)
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Precautions for Correct Use

Precautions for Correct Use

Refer to the following manuals for precautions for correct use.
* NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)
» NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037)
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Regulations and Standards

Refer to the following manuals for regulations and standards.
» NJ-series CPU Unit Hardware User’s Manual (Cat. No. W500)

@ Additional Information

The Robot Integrated CPU Unit is not a robot control device that is defined in ISO 10218-1.
Therefore, the Robot Integrated CPU Unit does not comply with the robot regulations and

standards.
Refer to the OMRON robot manuals for information on the OMRON robot itself.

NJ-series Robot Integrated System Startup Guide (0049)

19



Versions

Versions

Hardware revisions and unit versions are used to manage the hardware and software in NJ-series
Units and EtherCAT slaves. The hardware revision or unit version is updated each time there is a
change in hardware or software specifications. Even when two Units or EtherCAT slaves have the
same model number, they will have functional or performance differences if they have different hard-

ware revisions or unit versions.

Checking Versions

You can check versions on the ID information indications or with the Sysmac Studio.

I Checking Unit Versions on ID Information Indications

The unit version is given on the ID information indication on the side of the product.

e NJ501-RCI00
The ID information on the NJ-series NJ501-R300 CPU Unit is shown below.

ID information indication

Unit model Unit version Hardware revision

Robot Control Function
Module version

PORT1 MAC ADDRESS:: DDDDDDDDDDDD :
PORT2 MAC ADDRESS:: DDDDDDDDDDDD

Lot number Serial number MAC address

Note The hardware revision is not displayed for the Unit that the hardware revision is in blank.

20 NJ-series Robot Integrated System Startup Guide (0049)



Versions

I Checking Unit Versions with the Sysmac Studio

You can use the Sysmac Studio to check unit versions.

@ Checking the Unit Version of an NJ-series CPU Unit

You can use the Production Information while the Sysmac Studio is online to check the unit version
of a Unit. You can do this for the CPU Unit, CJ-series Special I/O Units, and CJ-series CPU Bus
Units. You cannot check the unit versions of CJ-series Basic I/O Units with the Sysmac Studio.

1 Double-click CPU Rack under Configurations and Setup - CPU/Expansion Racks in the
Multiview Explorer. Or, right-click CPU Rack under Configurations and Setup - CPU/
Expansion Racks in the Multiview Explorer and select Edit from the menu.

The Unit Editor is displayed.

2

Right-click any open space in the Unit Editor and select Production Information.

The Production Information Dialog Box is displayed.

® Changing Information Displayed in Production Information Dialog Box

1 Click the Show Detail or Show Outline Button at the lower right of the Production

Information Dialog Box.

The view will change between the production information details and outline.

Production information X

Model information | Lot number |
MNJ501-R500 Ver.1.41 03818

Show Detail

Qutput file

Close

QOutput file

Outline View

Model information
NJ501-R500 Ver.1.41
Robot Ver.1.04
RC Ver.1.00
Hardware version: BCCCB /B
Software version

Production information Pas

| Lot number |
03818

SYSTEM : 1.41.01 97851
Runtime : 1259

BOOT : 20180209
IOPFP ; C-6-0

IOPFW : 1.49

Robot : 1.04.00

RC: 1.00.00

Detailed View

The information that is displayed is different for the Outline View and Detail View. The Detail
View displays the unit version, hardware revision, and various versions. The Outline View dis-

plays only the unit version.

Note The hardware revision is separated by “/” and displayed on the right of the hardware version. The
hardware revision is not displayed for the Unit that the hardware revision is in blank.

® Changing Information Displayed in Production Information Dialog Box

1 Click the Show Detail or Show Outline Button at the lower right of the Production

Information Dialog Box.

The view will change between the production information details and outline.

NJ-series Robot Integrated System Startup Guide (0049)
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Productien infermation [B| Production information

Lot number
03818

ormation

Model information Lot number
NJ501-R500 Ver.1.41

RC Ver.1.00
Hardware version:BCCCB /B
Software version

Output file Show Detail

Close

Show Outline

Output file
Close

Outline View Detailed View
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Related Manuals

Related Manuals

The following are the manuals related to this manual. Use these manuals for reference.

Manual name Cat. No. Model numbers Application Description
NJ-series CPU Unit W500 NJ501-00000 Learning the basic An introduction to the entire NJ-series
Hardware User's Manual NJ301-0000 specifications of the | system is provided along with the follow-
NJ101-0000 NJ-series CPU Units, | ing information on the CPU Unit.
including introductory | ¢ Features and system configuration
information, design- ¢ |ntroduction
ing, installation, and | ¢ Part names and functions
maintenance. * General specifications
Mainly hardware in- | « |nstallation and wiring
formation is provided. | «  paintenance and inspection
NJ/NX-series CPU Unit W501 NX701-0000 Learning how to pro- | The following information is provided on a
Software User’s Manual NX502-0000 gram and set up an Controller built with an NJ/NX-series CPU
NX102-0000 NJ/NX-series CPU Unit.
NX1P2-00000 Unit. * CPU Unit operation
NJ501-00000 Mainly software infor- | ¢ CPU Unit features
NJ301-0000 mation is provided. * Initial settings
NJ101-0000 * Programming based on IEC 61131-3
language specifications
NJ/NX-series Instructions W502 NX701-0000 Learning detailed The instructions in the instruction set (IEC
Reference Manual NX502-00000 specifications on the | 61131-3 specifications) are described.
NX102-0000 basic instructions of
NX1P2-0000 an NJ/NX-series
NJ501-0000 CPU Unit.
NJ301-0000
NJ101-0000
NJ/NX-series CPU Unit W507 NX701-0000 Learning about mo- The settings and operation of the CPU
Motion Control User’s Manual NX502-00000 tion control settings Unit and programming concepts for mo-
NX102-0000 and programming tion control are described.
NX1P2-00000 concepts.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W508 NX701-0000 Learning about the The motion control instructions are descri-
Motion Control Instructions NX502-00000 specifications of the bed.
Reference Manual NX102-0000 motion control in-
NX1P2-0000 structions.
NJ501-0000
NJ301-0000
NJ101-0000
NJ/NX-series W505 NX701-0000 Using the built-in Information on the built-in EtherCAT port
CPU Unit NX502-00000 EtherCAT porton an | is provided.
Built-in EtherCAT® Port NX102-0000 NJ/NX-series CPU This manual provides an introduction and
User’s Manual NX1P2-0000 Unit. provides information on the configuration,
NJ501-0000 features, and setup.
NJ301-0000
NJ101-0000
NJ/NX-series W506 NX701-0000 Using the built-in Information on the built-in EtherNet/IP port
CPU Unit NX502-0000 EtherNet/IP port on is provided.
Built-in EtherNet/IP™ Port NX102-0000 an NJ/NX-series Information is provided on the basic setup,
User’s Manual NX1P2-0000 CPU Unit. tag data links, and other features.
NJ501-0000
NJ301-0000
NJ101-0000
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Manual name Cat. No. Model numbers Application Description
NJ-series 0037 NJ501-ROOIO Using the NJ-series Describes the settings and operation of
Robot Integrated CPU Unit Robot Integrated the CPU Unit and programming concepts
User’s Manual CPU Unit. for OMRON robot control.
Sysmac Studio W595 SYSMAC-SE2[]000 | Learning about the Describes the operating procedures of the
Robot Integrated System SYSMAC- operating procedures | Sysmac Studio for Robot Integrated CPU
Building Function with Robot SE200D-64 and functions of the Unit.
Integrated CPU Unit Opera- Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
Robot Integrated
CPU Unit.
Sysmac Studio W621 SYSMAC-SE200000 | Learning about the Describes the operating procedures of the
Robot Integrated System SYSMAC- operating procedures | Sysmac Studio for IPC Application Con-
Building Function with IPC SE200D-64 and functions of the troller.
Application Controller Opera- Sysmac Studio to
tion Manual configure Robot Inte-
grated System using
IPC Application Con-
troller.
Sysmac Studio W618 SYSMAC-SE2[]10 | Learning about an Describes an outline, execution proce-
3D Simulation Function Oper- SYSMAC-SA40] outline of the 3D sim- | dures, and operating procedures for the
ation Manual [-64 ulation function of the | 3D simulation function of the Sysmac Stu-
Sysmac Studio and dio.
how to use the func-
tion.
eV+3 1651 NJ501-ROOO Operating the OM- Describes the V+ language to control the
User’s Manual RON robot with the V. | OMRON robots.
+ program.
eV+3 1652 NJ501-ROCIO Operating the OM- Describes V+ keywords that are used in
Keyword Reference Manual RON robot with the V | the V+ language.
+ program.
eCobra 600 and 800 Robot 1653 RL4-11600000C Using the eCobra. Describes the eCobra.
with EtherCAT User’s Guide RL4-2160000
i4L Robots with EtherCAT Us- | 1659 RS4-2063001 Using the i4L. Describes the i4L.
er’'s Manual RS4-2064000
RS4-20650100
i4H Robots with EtherCAT Us- | 1661 RS4-206611 Using the i4H. Describes the i4H.
er’s Manual RS4-2067000
RS4-206801010
Viper 650 and 850 Robot with | 1654 RL6-2061000 Using the Viper. Describes the Viper.
EtherCAT User’s Guide
iX3 565 Robot with EtherCAT | 1655 RX3-2060000 Using the iX3. Describes the iX3.
User’s Guide
iX4 650 H/HS and 800 H/HS 1656 RX4-21600000 Using the iX4. Describes the iX4.
Robot with EtherCAT User’s
Guide
Robot Safety Guide 1590 RL4-0000000 Learning how to use | Describes how to use the OMRON robot
RS4-0000000O the OMRON robot safely.
RL6-0000000O safely.
RX3-0000000
RX4-0000000O
Teaching Pendant 1601 10046-010 Operating the OM- Describes the setup, operation, and user
T20 RON robot with a maintenance for the Teaching Pendant
User’s Manual teaching pendant. T20.
IPC Application Controller 1632 AC1-152000 Using the IPC Appli- | Describes the IPC Application Controller.

User’s Manual

cation Controller.
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Manual name Cat. No. Model numbers Application Description
NJ/NX-series W527 NX701-0J0J20 Using the database Describes the database connection serv-
Database Connection CPU NX502-0000 connection service ice.
Units NX102-0020 with NJ/NX-series
User’s Manual NJ501-0020 Controllers.
NJ101-0020
NJ-series W539 NJ501-400010] Controlling robots Describes the functionality to control ro-
NJ Robotics CPU Unit NJ501-ROCIO with NJ-series CPU bots.
User’s Manual Units.
NJ/NX-series W503 NX701-0000 Learning about the Concepts on managing errors that may be
Troubleshooting Manual NX502-00000 errors that may be detected in an NJ/NX-series Controller
NX102-0000 detected in an and information on individual errors are
NX1P2-0000 NJ/NX-series Con- described.
NJ501-0000 troller.
NJ301-0000
NJ101-0000
Sysmac Studio Version 1 W504 SYSMAC Learning about the Describes the operating procedures of the
Operation Manual -SE200000 operating procedures | Sysmac Studio.
and functions of the
Sysmac Studio.
NX-series W524 NX-ECOOOO Learning how to use | The hardware, setup, and functions for the
Position Interface Units NX-ECSOIOO NX-series Position NX-series Incremental Encoder Input
User’s Manual NX-PGOOOO Interface Units. Units, SSI Input Units, and Pulse Output
Unit are described.
AC Servomotors/Servo Drives | 1586 R88M-10J Learning how to use | Describes the hardware, setup methods
1S-series with R88D-1SN-ECT the Servomotors/ and functions of the Servomotors/Servo
Built-in EtherCAT® Communi- | 1621 R88M-1AL/ -1AM] | Servo Drives with Drives with built-in EtherCAT Communica-
cations User's Manual R88D-1SANCI-ECT | built-in EtherCAT tions.
Communications.
AC Servomotors/Servo Drives | 1576 R88M-K[ Learning how to use | Describes the hardware, setup methods
G5 Series with R88D-KNO-ECT the AC Servomotors/ | and functions of the AC Servomotors/
Built-in EtherCAT® Communi- | 1577 R88L-EC-0J Servo Drives with Servo Drives with built-in EtherCAT Com-

cations User's Manual

R88D-KNO-ECT-L

built-in EtherCAT
Communications.

munications.

The Linear Motor Type models and dedi-
cated models for position control are avail-
able in G5-series.
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Relevant Technical Guides

Relevant Technical Guides

The following table lists the relevant technical guides for the NJ-series CPU Units. Use these manuals
for reference.

Manual name

Cat.
No.

Application

Description

Machine Automation
Controller Startup
Guide for CPU Unit

W513

Learning about outline and op-
eration procedure of the NJ-
series CPU Unit and Sysmac
Studio.

Describes the startup procedure of the NJ-series CPU Unit and the
basic operating procedure of the Sysmac Studio on an example of
simple sequence control.

Machine Automation
Controller Startup
Guide for Motion Con-
trol

W514

Learning about the basics of
the motion control functions of
the NJ-series CPU Unit.

Describes the startup procedures and Sysmac Studio operating
procedures for someone that will use NJ-series motion control func-
tions for the first time. The procedures are explained in simple ex-
amples of one-axis positioning and two-axis linear interpolation.
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Terminology

This section describes the terms that are used in this manual.

Term

Description

continuous-path mo-

A motion to move continuous operations smoothly without stopping motion of the OM-

tion RON robot.
IEC 61131-3 lan- A programming language to write a sequence control program.
guage

robots controllable
by NJ Robotics func-

Specify the controllable robots by the data processing for robot in the Motion Control
Function Module of the NJ-series CPU Unit.

tion The controllable robot consists of the 1S-series or G5-series Servomotor/Servo Drive
with built-in EtherCAT communications and the robot arm that is prepared by the cus-
tomer.

TCP A tip (Tool Center Point) defined in each OMRON robot.
The target position or path can be specified based on the TCP.

TIO Refers to digital input and output signals to use arm tip tools for OMRON SCARA robots
(i4H, i4L).

V+ An operating system that controls OMRON robots. V+ programs run on it.

V+ keyword A generic term for instructions that are used during a V+ program and monitoring com-
mand.

V+ language A programming language for OMRON robot control.

V+ task A task that can execute a V+ program.

V+ version Version of the V+ operating system that runs on a Robot Integrated CPU Unit or OM-
RON robot.

V+ program A control program written in the V+ language.

OMRON robot

Specifies the OMRON robot controllable from the Robot Integrated CPU Unit.
The robot consists of the robot amplifier and the robot arm connected to the robot ampli-
fier.

shared variable

A variable that can be shared between the sequence control program and V+ program.

sequence control
program

A control program written in IEC 61131-3 language including the motion control.

configured V+ ver-
sion

A V+ version that is set by the V+ version configuration function.
It is set for both the Robot Integrated CPU Unit and an OMRON robot.

hardware servo

A servo system built into the robot amplifier.

user program

A generic term for the collection of programs written in the ladder diagram, ST, and V+
languages.

remote encoder

Specifies the encoder which sets the motion control axis as the external encoder for ro-
bot control.

recipe

A set of product type data in the customer’s system.

recipe change

Specifies that the product data and information (recipe) related to the production process
are changed.

The target recipe for the Robot Integrated CPU Unit is a property from the present val-
ues of variables and a vision sensor.

local encoder

Specifies the encoder connected to the encoder input port on the OMRON robot.

Robot Control Func-
tion Module

Software to perform robot control that is installed in the Robot Integrated CPU Unit.

robot control instruc-
tions

FB instructions written in the sequence control program to control the OMRON robots.
They include an instruction to directly control the OMRON robots and an instruction to
execute or abort V+ programs assigned to the V+ tasks.
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Term Description
Robot Integrated A CPU Unit that supports control function for the OMRON robot with the NJ-series CPU
CPU Unit Unit.
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Revision History

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

manual.

[Cat. No.

0049-E1-05 |

t

Revision code

Rec\;l::m Date Revised content
01 August 2020 | Original production
02 December 2020 | « Added description on dynamic pick-and-place equipment.
* Corrected mistakes.
03 October 2021 | Corrected mistakes.
04 March 2022 | Corrected mistakes.
05 July 2024 | Made changes accompanying the upgrade to Sysmac Studio version 1.54.
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Overview

This section describes the overview of robot integrated system.
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1 Overview

1-1  Features of Robot Integrated System

The robot integrated system is a system to integrate the sequence control and robot control into a
Controller, network, and software.

Sysmac Studio
Automation Software

. IEC programmin V+ program
NJ-series prog 9 prog
Robot Integrated Sequence control Motion control Robot control V+ language

CPU Unit |—||—O |—||—|:| |—||—|:|

EtherCAT control network

always in control A T
il
Safety devices 1/O controls Servo Drives Machine || Robots

and Inverters vision

The system consists of the NJ-series Robot Integrated CPU Unit, the OMRON robots that support
EtherCAT communications, and the Sysmac Studio Automation Software.

1-1-1 Features of the NJ-series Robot Integrated CPU Unit

The sequence control and the robot control can be executed with a CPU Unit. This allows you to de-

sign interface easily between the sequence control and robot control and reduce the design time and
the adjustment time at startup.

1-1-2  Features of the EtherCAT-compatible OMRON robots

The robots and peripheral devices can connect to the same EtherCAT network. The operations for the
robots and the peripheral devices can be handled in the same time axis with the synchronization func-
tion of the EtherCAT, so wait time for asynchronous operation or variations of timing are reduced. This

enables you to reduce the tact time, identify an error cause during operation, and make predictive con-
trol for the operations of peripheral devices.

1-1-3  Features of the Sysmac Studio Automation Software

The sequence control and the robot control can be developed with a software. It is easy to perform the

advance verification on paper because the system operations to use with the sequence control and
robot control can be simulated with the 3D model.
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1 Overview

1-2 System configuration to build in this
guide

0} uoneinbiyuos woaysAs z-1

apInb siy3 ui ping

NJ-series Robot Integrated System Startup Guide (hereinafter referred to as “this guide”) describes
examples of building a static pick-and-place equipment and a dynamic pick-and-place equipment.

An equipment to move a workpiece that is placed at the specified position to the target position is
called a static pick-and-place equipment in this guide.

An equipment that picks up a workpiece being moved on the conveyor and places it at the specified
position is called a dynamic pick-and-place equipment. The pickup position is automatically deter-
mined from the position detected by the camera and encoder.

To control multiple Omron robots and manage the recipes, IPC Application Controller is connected to
the equipment via Ethernet. Select and use the IPC Application Controller, industrial cameras, and belt
encoders required for the functions explained in 7-8-2 Application Manager on page 1-14.

The figure below illustrates the devices to be used for each equipment.

Rk (Dynamic pick-and-place equipment ) --------------------------------------------------------- .
: o -(Static pick-and-place equipment ) ----------------------- . '
' 1 Computer : ;
i+ Sysmac Studio + Industrial Industrial :
- + Ethernet switch camera '
¥ 4 "
N ‘.:‘i!. b :
b Ethernet : w '

Robot Integrated CPU Unit T

m I

k] :é:
— TG . Inverter's EtherCAT
EtherCAT Digital 1/0 Terminal : Communications Unit

XBELTIO . _
M — I
] : (- 5
| xi0 . : :
External device : Belt encoder :

XSYSTEM  xfp $g g e H

EtherCAT-enabled Omron robot

: T20 Pendant :

: XUSR — :
: [Satery crout_| :

....................................................................................................
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1 Overview

1-3 System Configuration for Static Pick-
and-place Equipment

This section describes the system configuration for the static pick-and-place equipment that is ex-
plained in this guide.

An equipment to move a workpiece that is not moved at the specified position to the target position is
called a static pick-and-place equipment in this guide.

"XUSR" in the following figure is a wiring to the safety circuits. Refer to A-1 Designing Example of the
Safety Functions for the Pick-and-place Equipment on page A-2, and design the safety circuits re-
quired for the actual equipments.

B (A (B) G)

100 to 240 VAC -

85 to 264VAC, 6.5A df

Hleceeee

q
Single phase, AC200 to 240VXC, 10A (N)

The parts that are used in the system configuration are given below.
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Letter Name Model Version

A Robot Integrated CPU Unit NJ501-R300 Ver.1.41

B Power Supply Unit NJ-PA3001 -

C SCARA Robot RL4-2166000 3.0 0-0 Edit A1
eCobra 600 Pro

D Ethernet cable™ -

E Computer (Sysmac Studio) - -

F EtherCAT Digital /0 Terminal | GX-MD3218

G Ethernet cable™ -

H Ethernet cable™ - -

I T20 Pendant 10046-010 3.0.0.1

J T20 Adapter Cable -—-

K Front Panel 90356-10358 ---

L Front Panel Cable ---

M XSYSTEM Cable Assembly | Incudes in the RL4-2166000.

N AC Power Cable 04118-000 ---

o DC Power Cable 04120-000

P 24 VDC Power Supply 150 W | S8FS-G15024CD -—-

Q Solenoid valve Selects depending on the workpiece. | ---

R Vacuum pad -

S Vacuum ejector -

1 Overview

*1. Use a twisted-pair cable (double shielding with aluminum tape and braiding) of category 5 (100BASE-TX) or
higher.

NJ-series Robot Integrated System Startup Guide (0049)

jusawdinb3g aoe|d-pue-yo1d s13e}S
Jo} uoneinBbiyuon walsAs ¢-1




1 Overview

1-4 Operations of Static Pick-and-place
Equipment

This section describes the operating specifications and procedures for the static pick-and-place equip-
ment.

1-4-1  Operating Specifications

This equipment picks up a workpiece that is not moving on the conveyor A and transfers it to the
specified position on the conveyor B.

(o

Conveyor B: static state

Conveyor A: static state

The following figure shows a specific operation for a robot.

Robot wait position (P1)

Workpiece pick-up
approach point (P2) O

@1i3)

Workpiece place
) approach point (P4)

(6)

(5)1

Workpiece pick-up o ® Workpiece place
position (P3) position (P5)
Number Description of operation
(1) Move from the robot wait position (P1) to the workpiece pick-up approach point (P2) in joint interpola-

tion operation.

(2) Move from the workpiece pick-up approach point (P2) to the workpiece pick-up position (P3) in linear
interpolation operation.

(3) Move from the workpiece pick-up position (P3) to workpiece pick-up approach point (P2) in linear in-
terpolation operation.

(4) Move from the workpiece pick-up approach point (P2) to the workpiece place approach point (P4) in
joint interpolation operation.

5) Move from the workpiece place approach point (P4) to the workpiece place position (P5) in linear in-
terpolation operation.

(6) Move from the workpiece place position (P5) to the workpiece place approach point (P4) in linear in-
terpolation operation.

(7) Move from the workpiece place approach point (P4) to the robot wait position (P1) in joint interpola-
tion operation.
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1 Overview

@ Additional Information

The operations for conveyor A and B are not described in this guide. Program it by the custom-
er according to the operating specifications of actual equipments.

-391d 91je}S Jo suonesado -
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1-4-2  Operating Modes for Equipment

Assume that this equipment have two operating modes, manual operation and automatic operation
modes.

Perform teaching in manual operation, and execute the actual pick-and-place operations in automatic
operation.
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1 Overview

1-5 System Configuration for Dynamic
Pick-and-place Equipment

This section describes the system configuration for the dynamic pick-and-place equipment to build in
this guide.

In this guide, an equipment that picks up a workpiece being moved on the conveyor and places it at
the specified position is called a dynamic pick-and-place equipment. The pickup position is automati-
cally determined from the position detected by the camera and encoder.

"XUSR" in the following figure is a wiring to the safety circuits. Design the safety circuits required for
the actual equipments.

The Y-adapter cable in the figure below is a cable to connect with the encoders. Since there is only

one encoder used in this equipment, connect the encoder extension cable to one side only. No encod-
er is connected to the other side.

(B)

100 to 240 VAC -

(A)

(N) )

©®) Mm L

85 to 264 VCA, 6A Gl

(AK)
85 t0 264 VAC, 6.5A
®
16 DB15m  (AF)  (AB) (AD)
® (A)) Force/EXPIO i@
HE — -
= RS-232C s
—0 -0 0—0
Single-phase, 200 to 240 (Al) ﬁ@

Connect an encoder for another
conveyor to this side.

The parts that are used in the system configuration are given below.
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Letter Name Model Version

A Robot Integrated CPU Unit NJ501-R300 Ver.1.43

B Power Supply Unit NJ-PA3001 -

C Ethernet cable™ - -

D Industrial Ethernet switch W4S1-03B -

E Ethernet cable" - -

F Computer (Sysmac Studio) -

G Ethernet cable™ -

H IPC Application Controller AC1-152000 Ver.2.00

I DVI Cable -

J Display --- -

K Camera Cable (GigE Cat.6) 10m | 241142 -

L Camera

M Power I/O Cable ---

N Ethernet cable™ - -

(0] EtherCAT Digital 1/0 Terminal GX-MD3218

P Solenoid valve Select a bellow-shape valve with suitable vacuum pres- -

Q Vacuum ejector sure to the workpiece. —

R Vacuum pad -

S Ethernet cable™! -

T EtherCAT Communications Unit | 3G3AX-MX2-ECT ---

u Inverter'3 Select an applicable model from the Multi-function Com- | ---

pact Inverter MX2-series V1 type.

v Belt conveyor™3 -
Ethernet cable™ -

X Parallel Robot RX4-2166020 4.0.C1
iX4 650H, IP65, P30

Y T20 Pendant 10046-010 3.0.0.1

Z T20 Adapter Cable -

AA Front Panel 90356-10358 -

AB Front Panel Cable ---

AC XSYSTEM Cable Assembly Included in the RL4-2166000.

AD Encoder IP65 09742-001

AE Encoder extension cable 5m

AF Y-Adapter Cable 3m 09443-000 -

AG XBELT 10 Cable 0.6m 13463-000

AH XIO Breakout Cable 04465-000

Al AC Power Cable 04118-000

AJ DC Power Cable 04120-000

AK 24 VDC Power Supply 150 W S8FS-G15024CD -

AL 24 VDC Power Supply 120W S8VK-S12024

*1. Use a twisted-pair cable (double shielding with aluminum tape and braiding) of category 5 (100BASE-TX) or
higher.

*2. Select a camera with the appropriate imaging range and resolution for the belt width and the workpiece.

*3. Refer to the Multifunction Compact Inverter User's Manual (Cat. No. 1585) for the circuits around the inverter
and connection to the belt conveyor.
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1 Overview

1-6 Operations of Dynamic Pick-and-

place Equipment

1-6-1

This section describes the operating specifications and procedures for the dynamic pick-and-place
equipment.

Operating Specifications

This equipment picks up a workpiece that is moving on the conveyor A after a camera detects it, and
places it to the specified position on the conveyor B.

amm—
(o
Conveyor B
Encoder__@Y
- EEIIVorkpiece
Ol ©
Conveyor A
The following figure shows a specific operation for a robot.
Robot wait position
' ' N '*11. ............... - .
Workpiece pick-up =" (1) e Workpiece place
approach point (P2) & @ :ﬂapproach point (P4)
@) ®3) ®) (6)
Workpiece pick-up @ @ Workpiece place
position (P3) position (P5)

*1. When there is no workpiece to pick up on the conveyor and no item is detected by the camera, the
robot once moves from the workpiece pick-up approach point (P2) or workpiece pick-up position (P3)
to the robot wait position (P1). While the camera is detecting the workpiece, operation from (2) to (7) is
repeatedly performed.

*2. In above operation digram, both of the transit points of the robot in approaching to the workpiece
and departing from the workpiece are called "workpiece pick-up approach point (P2)". The function of
the Pack Manager allows you to set the transit positions in approaching to the workpiece and moving
away from the workpiece to different locations. Similarly, you can set different locations for "workpiece
place approach point (P4)".

Number Description of operation

(1) Move from the robot wait position (P1) to the workpiece pick-up approach point (P2) in linear interpo-
lation operation.
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1 Overview

>
o
©
]
g
Number Description of operation §§
(2) Move from the workpiece pick-up approach point (P2) to the workpiece pick-up position (P3) in linear ;—,%
interpolation operation. 'S
Mo
3) Move from the workpiece pick-up position (P3) to workpiece pick-up approach point (P2) in linear in- 'E_ g
terpolation operation. ‘3’ T
o0
(4) Move from the workpiece pick-up approach point (P2) to the workpiece place approach point (P4) in a7
linear interpolation operation.
(5) Move from the workpiece place approach point (P4) to the workpiece place position (P5) in linear in-
terpolation operation.
(6) Move from the workpiece place position (P5) to the workpiece place approach point (P4) in linear in-
terpolation operation.
(7) Move from the workpiece place approach point (P4) to the workpiece pick-up approach point (P2) in
linear interpolation operation.

The "approach point" is the same as "approach location" and "depart location" that are used with the
Pack Manager described in 4-3-6 Creating a Pack Manager Sample on page 4-53.

juswdinb3 Joy sepoyy Buneltedo z-9-1

@ Additional Information

The operations for conveyor B are not described in this guide. Program it by the customer ac-
cording to the operating specifications of actual equipment.

1-6-2  Operating Modes for Equipment

Assume that this equipment have two operating modes, manual operation and automatic operation
modes.

Perform teaching in manual operation, and execute the actual pick-and-place operations in automatic
operation.
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1 Overview

1-7 Hardware

The following table shows an overview of each hardware in the system configuration.
Refer to the manual for the specific product for details.

Dy-
Hardware Model Description Static | na-
mic
Robot Inte- NJ501-ROOIO A CPU Unit that integrates the sequence control O O
grated CPU and robot control. To use the robot control function,
Unit you must insert the included SD Memory Card.
EtherCAT- RLO-O0OOOOOO OMRON'’s SCARA robot that supports EtherCAT. O @)
compatible
OMRON robot
RXO-OOOOOO™ OMRON's parallel robot that supports EtherCAT. O @)
Computer A computer that the Sysmac Studio Automation O ©)
Software to make the settings for the robot inte-
grated system and perform debugging is installed.
1
Front Panel 90356-10358 A control panel for a robot. The panel has switches | O ©)
to change modes, enable the high power, and
make a emergency stop.
T20 Pendant | 10046-010 A teaching pendant for a robot. Use the pendant O ©)
for teaching coordinates. It has the built-in E-Stop
button and built-in enable switch as safety func-
tions.
Safety circuits | --- The safety circuits that consist of safety I/O devi- O O
ces, a Safety Controller, etc. Refer to A-1 Design-
ing Example of the Safety Functions for the Pick-
and-place Equipment on page A-2 for details.
Connected 1/0O devices connected to the digital I/0O terminals O ©)
external devi- of the robot.
ces
EtherCAT EtherCAT slaves such as digital 1/O, servos, and @) @)
slaves inverters.
Industrial Ww4S1-000 This is used for branching the Ethernet network. - ©)
Ethernet
switch
IPC Applica- | AC1-152000 An industrial computer. The computer executes @)
tion Controller pre-installed softwares for the robot control system
(Application Manager). It has a interface for con-
necting a camera (PoE port).
Industrial 24114-0J00 A camera for sensing an image. The camera can - O
camera connect to the IPC Application Controller to detect
and inspect a workpiece.
Inverter 3G3MX2-AOOO-v1 An inverter to control a belt conveyor. Select an - O
applicable model from the Multi-function Compact
Inverter MX2-series V1 type.
EtherCAT 3G3AX-MX2-ECT A communications unit to be attached for Ether- - ©)
Communica- CAT communications.
tions Unit
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1 Overview

Dy-
Hardware Model Description Static n:-
mic 5
Conveyor Belt | SVKN-100-1000-25- A belt conveyor of MISUMI Corporation for con- - O g
T100-IM-9-H-A veying workpieces. g
Encoder kit 09742-001 An encoder mounted on the belt conveyor. - O %
IP65

*1. Refer to the Sysmac Studio Robot Integrated System Building Function with Robot Integrated CPU Unit
Operation Manual (Cat. No. W595) for information on the recommended operating environment for the com-

puter.
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1-8 Software

This section describes an overview of each software in the system configuration.
Use the Sysmac Studio as a development environment for the robot integrated system and Application
Manager as a runtime to control the application.

1-8-1  Sysmac Studio

The Sysmac Studio provides development environment for a robot integrated system on a computer.

@ Precautions for Correct Use

For a robot integrated system, use the 64-bit edition DVD (SYSMAC-SE200D-64) with the Sys-
mac Studio version 1.[J[]. You cannot use the 32-bit edition DVD (SYSMAC-SE200D).

The Sysmac Studio has the following functions.

Function Description
Robot control A function to make settings and create a program to control a robot with the Robot Integrat-
function ed CPU Unit and IPC Application Controller. To use this function, you need a license for the
Standard Edition (SYSMAC-SE2[1[IL).
3D simulation A function to perform a 3D simulation including robots and peripheral devices. To use this
function function, you need a license with the 3D Simulation Option (SYSMAC-SA4[J[]L-64).

Refer to the Sysmac Studio Robot Integrated System Building Function with Robot Integrated CPU
Unit Operation Manual (Cat. No. W595) for information on the robot control function in the Sysmac
Studio and the Sysmac Studio 3D Simulation Function Operation Manual (Cat. No. W618) for informa-
tion on the 3D simulation function.

% Additional Information

Refer to A-3 Setting Items on the Sysmac Studio and the Setting Targets on page A-28 for in-
formation on which hardware setting corresponds to the items on the Multiview Explorer of the
Sysmac Studio.

1-8-2  Application Manager

The Application Manager is one of the functions for ACE that is a software pre-installed in the IPC Ap-
plication Controller.
The Application Manager has following functions.

Function Description

Process Manag- | Determines which robot will use for a workpiece automatically, and performs the variance of
er loads.

Recipe Manager | Manages the robot control parameters for the product type change of a workpiece.

Robot Vision Detects a workpiece position and inspect the appearance by sensing an image with a cam-
Manager era. To enable this function, you must mount the USB Dongle (20410-000 or 20433-000) on
the IPC Application Controller.

Pack Manager Executes packing applications that are created in the application sample. To enable this
function, you must mount the USB Dongle (20409-000 or 20433-000) on the IPC Application
Controller.
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M Precautions for Correct Use

The ACE has a function as a development environment of a robot system with the Smart Con-
troller EX, but it cannot be used as a development environment of a robot integrated system.
Use the Sysmac Studio to develop the robot integrated system.

2Jem}jos g-1

Jabeuely uoneolddy z-g-L

NJ-series Robot Integrated System Startup Guide (0049)



1 Overview

1-9 User Program

1-9-1

1-9-2

The user program for robot control is created in the Sysmac Studio.

There is more than one method to create a user program. Realize applications to use with programs
created by multiple methods.

Types of Method to Create User Program

The following table shows the types of method to create a user program.

Method Description
Sequence The user program that is operated in the Robot Integrated CPU Unit can be programmed with
control pro- | the language that is defined in IEC61131-3. The robots are controlled with robot control instruc-
gram tions and system-defined variables for robot control.
This program is suitable for operating simple robot motions or controlling with robots and periph-
eral devices.
Ladder diagram is used in this guide.
V+ program | The user program that is operated in the Robot Integrated CPU Unit can be programmed with V+
language. The language is a programming language for robot control for the OMRON robots.
The robots can be controlled using V+ keywords.
In addition, you can use ACE Sight V+ keywords and V+ module API to call and use the func-
tions of the Application Manager.
This program is suitable for using various robot control.
C# program | The user program that is operated in the IPC Application Controller can be programmed with C#
language. Use this program when the functions of the Application Manager are called and used.
Application | You can create an application sample on the interactive setup wizard. The application sample in-
sample cludes the settings and programs for the IPC Application Controller and Robot Integrated CPU

Unit.
The Pack Manager sample is used in this guide.

Proper Use of Sequence Control Program and V+ Program

The following shows proper use of the sequence control program and V+ program.

» The sequence control program manages the status, errors, and interlocks of the entire system in-
cluding sequence control and robot control.

» The robot control is performed with a combination of the sequence control program and the V+ pro-

gram.

* The sequence control program performs the control other than robot control.

A typical example of differences for robot control that can be used in the sequence control program
and the V+ program is given below.
The sequence control program can use a part of the control that is available in the V+ program.
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Applicability ( if applicable, the specified method is
Classification Item described.) o
Sequence control program V+ program g
Robot operations | Joint interpolation operation RC MoveDirect ™1 MOVE 5
— o
Linear interpolation operation | Rc MoveLinear ** MOVES %
— 3
Circular interpolation opera- Not possible. MOVEC
tion
Jog operation Not possible. JOG
Joint coordinate system oper- | Not possible. JMOVE
ation z
Tool coordinate system opera- | Not possible. APPRO/DEPART/ ‘6’
tion ALIGN S
Robot’s coordinate | Flange surface RC_RBT[*].TCPActPos 2 HERE §
— a
Coordinates of the tool center | RC_ RBT[*]. TCPActPos "2 HERE )
. - - (o}
point (RC_SetToolTransform *1) (TOOL) g
Joint coordinates for each ax- | RC_RBT[*].JointActPos "2 #PHERE !-D_.-.
is g
Other functions Robot built-in I/O _RC_RBT_IO[*].XIO "2 SIGNAL/SIG
Expanded robot I/O _RC_RBT_|O[*].I0Blox1 "2 SIGNAL/SIG
_RC_RBT_IO[*].IOBlox2 "2
Teaching Not possible. Position variables
End effector operation _RC_RBT_IO[*].RO "2 SIGNAL/SIG
Robot position latching Not possible. LATCH
Local encoder latch Not possible. DEVICE
Cooperation with Application Not possible. ACE Sight V+ key-
Manager word
V+ Module API

*1. This is a robot control instruction.
*2.  This is a system-defined variable for robot control.

Refer to the NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037) for detailed informa-

tion when a robot is controlled with a sequence control program.
Refer to the eV+3 User's Manual (Cat. No. 1651) and eV+3 Keyword Reference Manual (Cat. No.
1652) for detailed information when a robot is controlled with a V+ program.

1-9-3

Command and Data Flow

This section describes the flow of commands and data for the sequence control program, V+ program,
Application Manager, and robot.

The sequence control program can control robots with robot control instructions, robot variables, and
robot I/O variables.

Since the taught position data is stored in the position variable of the V+ program, to use it in the se-
quence control program, V+ programs need to be called from RC_ExecVpPrgTask and the position
data must be copied to the shared variables.
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Robot Integrated CPU Unit % Robot control instructions}

S trol Robot variables,
equence control program robot I/O variables

>
Shared variables
fﬁz:{tztfpl " (Teaching OMRON robot
V+tasks position variable,
etc.)
V+ program

The V+ program can control robots with V+ keywords, signal numbers, and V+ variables.

In addition, the V+ program can execute the functions of the Application Manager in the IPC Applica-
tion Controller with ACE Sight V+ keywords and V+ module API.

The V+ program is launched and stopped by RC_ExecVpPrgTask from the sequence control program.

[T
J

IPC Application Controller

ACE

Application Manager

| Process ma nager

| Recipe Manager

| PackXpert

|
|
> | ACEsight |
|
|

| C# program

Robot Integrated CPU Unit %

Sequence control program

elep ‘spuewiwiod

Start, stop, or Shared variables

monitor (Execution status for OMRON robot
V+ tasks the sequence control
program, etc.) V+ keywords
<€ >
—» V+ program < Signal numbers, V+ variables

Refer to the NJ-series Robot Integrated CPU Unit User’s Manual (Cat. No. O037) for details on the
robot control function and shared variables in the sequence control program.

Refer to the eV+3 User's Manual (Cat. No. 1651) and eV+3 Keyword Reference Manual (Cat. No.
1652) for details on the robot control function in the V+ program.
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Before You Begin
]

This section describes the installation procedure of the Sysmac Studio.

2-1 Installing the Sysmac Studio .......ccoeviiiiciciccserrrr e 2-2
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2 Before You Begin

2-1

Installing the Sysmac Studio

The Sysmac Studio Ver.1.J[] 64-bit edition DVD (SYSMAC-SE200D-64) is the Support Software that
you use for the Robot Integrated System. On it, you can set up the configurations and parameters, you
can create programs, and you can debug and simulate operation.

1

N

Set the Sysmac Studio installation disk into the DVD-ROM drive.
The setup program is started automatically and the Select Setup Language Dialog Box is dis-
played.

Select the language to use, and then click the OK button.
The Sysmac Studio Setup Wizard is started.

Follow the instructions given by the Setup Wizard to complete the installation.
Restart the computer when the installation is completed.

Additional Information

» Refer to the Sysmac Studio Robot Integrated System Building Function with Robot Integrated
CPU Unit Operation Manual (Cat. No. W595) for information on the system requirements for
the computer to which you install the Sysmac Studio.

» Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) if you are unable to
install the Sysmac Studio with the above instructions.
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Implementation Example of Static

Pick-and-place Equipment
]

This section describes the implementation example of the static pick-and-place equip-
ment.

An equipment to move a workpiece that is not moved at the specified position to the
target position is called a static pick-and-place equipment in this guide.

This example can realize with the sequence control program and V+ program.

3-1 Program Specifications for Static Pick-and-place Equipment .................. 3-2
3-1-1 When Operations are Controlled with Sequence Control Program................. 3-3
3-1-2 When Operations are Controlled with V+ Program ............cccccveeeiiiieeeeeiinns 3-10

3-2 Basic Startup Procedures .......cccccvivccccivcmmmrmrrennsisssss s ssssssssssesssessssssssssmnnes 317

3-3 Programming and Simulation Procedures ..........cccccovemiiiniinnnnnnninnnennnnnes 3-19
3-3-1 Creating @ ProjeCt File ... 3-19
3-3-2 Creating the EtherCAT Network Configuration............cccooiiiieiiiiiiieeees 3-20
3-3-3 Creating a Sequence Control Program ............ccccoieiiiieeniie e 3-22
3-3-4 Creating V+ ProgramsS.........ooouviiiie i 3-28
3-3-5 Placing 3D Shape Data .........cooiiiiiiiiieiieeee e 3-35
3-3-6 Starting SIMUIALION ......oooiii e 3-65
3-3-7 Teaching POSItIONS ........coocuiiiiiiieic e 3-66
3-3-8 Setting up Automatic Loading of V+ Programs and Variables at Power ON. 3-77
3-3-9 Running the Program and Checking Operation ..........cccccccoviiveviieenieeeee. 3-81

3-4 Installing and Wiring the System..........cccooiiiiieeeier e 3-86
3-4-1 Wiring the Robot Integrated CPU Unit and the EtherCAT Digital 1/0

TOIMINAL ...t 3-86
3-4-2 Setting the Node Address of the EtherCAT Digital /0 Terminal ................... 3-87
3-4-3 Wiring the EtherCAT Digital I/O Terminal and the Robot..................ccccco... 3-87
3-4-4 Setting the EtherCAT Node Address of the Robot ............cccvviiiiiiiiiiens 3-88
3-4-5 Wiring the Robot Integrated CPU Unit and the Computer..............cccceeeeenne. 3-88
3-4-6 Wiring the Robot, T20 Pendant and the Front Panel ..............c.coccveveeeinnis 3-89
3-4-7 Wiring the EtherCAT Digital I/O Terminal and Solenoid Valve....................... 3-90

3-5 Setup Procedure for Actual System.........ccccviiiiiiiiiiin e 3-92
3-5-1 ConNECtiNG ONIINE ...t 3-92
3-5-2 Transferring Settings and Programs...........cccoooueeiiiieiiie e 3-94
3-5-3 L= 2T 11 T PP EUUT RS 3-96
3-5-4 Executing Program to Check Operation............ccccoviiiiiiiiiiece e 3-110
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3 Implementation Example of Static Pick-and-place Equipment

3-1 Program Specifications for Static
Pick-and-place Equipment

The program specifications are described if operations of static pick-and-place equipment are control-
led with the sequence control program and if the operations are controlled with the V+ program.

A flow chart of a program is given below. Refer to 7-4-1 Operating Specifications on page 1-6 for infor-
mation on the positions of P1 to P5 in the flow chart.

( Start )

A4

Robot calibration

¥

Update position data

¥

Attach a robot

¥

Move to P1

¥

Move to P2

¥

Move to P3

¥

Start vacuuming

¥

Wait for a certain time

¥

Move to P2

¥

Move to P4

¥

Move to P5

¥

Stop vacuuming

¥

Wait for a certain time

¥

Move to P4

¥

Move to P1

¥

Detach the robot

End
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3 Implementation Example of Static Pick-and-place Equipment

There are two ways to program the static pick-and-place equipment; one is to control with a sequence
control program, and the other is to control with a V+ program. Create the program in either way.

For information on how to create a program, refer to 3-3 Programming and Simulation Procedures on
page 3-19.

3-1-1  When Operations are Controlled with Sequence Control Pro-
gram

The program specifications when operations of static pick-and-place equipment are controlled with the
sequence control program are described below.

aoe|d-pue-yoid one}s 103 suonesdads weiboid L-¢
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The program consists of the following programs.

Program name Language Description
Main Sequence control program (Ladder diagram) | Main program

Run Sequence control program (Ladder diagram) | Operating program
loccopy V+ program Variable copy program

I Shared Variables

The following table shows a list of shared variables that are used in this program.

No. | Variable name Data type Description

1 eLoc_Wait ARRAY[0..5] OF Use the variable to send the robot wait position from the V+ pro-
LREAL gram to the sequence control program.

2 eLoc_Place ARRAY[0..5] OF | Use the variable to send the robot place position from the V+ pro-
LREAL gram to the sequence control program.

3 eLoc_Pick ARRAY[0..5] OF | Use the variable to send the robot pick-up position from the V+ pro-
LREAL gram to the sequence control program.

4 eBool Exe BOOL Use the variable to check that the execution of a V+ task is started

in the sequence control program.
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I Sequence Control Program

This section describes the sequence control program to control the static pick-and-place equipment.
The sequence control program is used to register global variables and create two programs, "Main"
(main program) and "Run" (operating program).

@ Global Variables
Register the global variables that are used in the sequence control program.
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3 Implementation Example of Static Pick-and-place Equipment

Name Initial Value

71

B
i

B
i

L

EO01_Write_output_1st_word O [0 |Donotpublish w

{E001_Read input_1st_word |ECAT/inodez| [0 [0 |Donotpublish
|EOO‘§_Sysmac_Enor_Stams iECA’f:i’!mdef O [0 |Donotpublish

[E001_Out Bit00 O [0 |Donotpublish v [4001

[E001_Out BitD1 |ECAT/inodes| [ [0 |Donotpublish +

[E001_Out_Bito2 |ECAT//nade#| []] [0 |Donotpublish ~

{E001_Out Bit03 {BooL |[ECAT//nodez| [ [0 |Donotpublish ~

[E001_Out Bito4 {BooL [ECATY/nodes| O [0 |Donotpublish +

{E001_Out Bit0S |ECAT/node#| [0 [0 |Donotpublish =

{E001_Out_Bit06 |ECAT/inode=| [ [] |Donotpublish v

[E001_Out Bito7 |ECATmodes| [ [0 |Donotpublish v

(E001_Out Bit08 {BooL |ECATmoder| [0 [0 |Donotpublish

{E001_Out Bit09 {pooL |ECATY/modes| [ 0 |Donotpubish ~

[E001_Out Bit10 [eooL |ECAT//node®| [ [1 |Donotpublish

[E001_Out Bit11 {BooL |[ECAT//noder| [ [0 |Donotpublish ~

[E001_Out Bit12 [BooL [ECAT//nade®| O 0 |Donotpublsh

(E001_Out Bit13 {BooL |ECAT//modes| [0 [0 |Donotpublish

{E001_Out Bit14 {BooL [ECAT//node?| [ [ |Dornotpublsh

[E001_Out Bit15 |BoOL ECAT//nodez| [ [] |Donotpublish =

(E001_in_Bit00 {BooL O [0 |Donotpublish +

[E001_in_Bit01 {BooL (] [0 |Donotpublish

[E001_In_Bit02 {BooL =] [0 |Donotpublish

{E001_in_Bit03 {BooL ECAT//node=| [J [0 |Donotpublish

[E001_in_Bit04 {BooL [ECAT//noder| O [0 |Donotpublsh

[E001_in_Bit05 {BooL |ECATY/mode®| [0 [0 |Donotpublish +

[E001_In_Bit06 [BooL [ECATU/noder| O [0 |Donctpublsh

(E001_in_Bit07 |BoOL |ECAT/node#| [ 0 |[Donotpublish v

(E001_in_Bit08 {BooL |ECAT//node?| [ [ |Donotpublsh

[E001_in_Bit09 |BooL [ECAT//node#| [ O |Donotpublsh

[E001_in_Bit10 {BooL |ECAT/inode®| [0 [ |Donotpublsh

[E001_in_Bit11 [BooL |ECAT//noder| [ [0 |Donctpublish +

[E001_in_Bit12 {BooL [ECAT//node#| [T O |Donotpublsh =

(E001_in_Bit13 {BooL |ECAT//node®| [ [0 |Donotpublish +

[E001_in_Bit14 {BooL [ECATY/nodes| O [0 |Donotpublish ~

{E001_In_Bit15 {BoOL |ECAT/node#| [ [[] |Donotpublish =

{E001_Obsenvation |BooL |ECAT/inode=| [0 [0 |Donotpublish v

E001_Minor_Fault {BooL ECAT//node#| [ [0 |Donotpublish ¥

eBool_Exe BOOL [El H| Donot publish v |Start V+ program
eloc_Pick ARRAY[0..5] OF LREAL [E] [0 |Donotpublish v [Pickup position
eloc_Place ARRAY[0.5] OF LREAL O [0 |Donotpublish v |Place position
eloc_Wait ARRAV[0.5] OF LREAL O O |Donotpublish v [Wait position
gStart BOOL ECAT//node®| [ [] |Donotpublish v [Auto-operation start button
I-gRewt {BoOL ECAT//node®| [ [] |Donotpublish ¥ |Auto-operation stop button
gAutoOn {BooL (] [0 |Donotpublsh ¥ [Auto-operation
gAutoRun |BooL O [0 |Donotpublish v [Start auto-operation
gPosDataOK {BooL O [0 |Donotpublish v [Position data updated
gRC_Err [BooL (] [0 |Donotpublish v [Robot control error
gSuctionOff |BooL [H] [ |Donotpublish ¥ |Suction OFF
gSuctionOn {BooL O [C] |Donotpublish ¥ [Suction ON
gSysOK {BooL O [0 |Donotpublish ¥ |Operation ready
gTaskStatus [INT 0 [0 |Donotpublish ¥ [Task status

LgCaIib [BooL ECAT//node®| [ [[] |Donotpublish ¥ |Calibration start button

@ Main program (Main)
"Main" (main program) is used to monitor the status of the following robots and EtherCAT Digital
I/O Terminals and determine whether the automatic operation can start.
Refer to the manual for each device for details on variables.

No. Variable name Description
1 _EC_PDSlavTbl[1] Check that the communications of the EtherCAT Digital I/O Termi-
nal are established.
2 _RC_RBTI[0].DrvStatus.Run- Check that the communications between the Robot Integrated CPU
Mode Unit and the robot are established.
3 GetRCError Check whether an error caused by the Robot Control Function
Module exists.
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3 Implementation Example of Static Pick-and-place Equipment

No. Variable name Description
_RC_RBTI[0].DrvStatus.ESTOP | Check whether the robot is in ESTOP state.
_RC_RBTI[0].DrvStatus.Manual | Check that the operating mode of the robot is Manual mode.

6 _RC_RBTI[0].DrvStatus.Power- | Check that the robot high power is enabled.
Enabled

A program is described below.

0 Monitaring robot control error

aoe|d-pue-yoid one}s 103 suonesdads weiboid L-¢

m
e}
=3
3
1 Monitoring system operation status ]
_EC_PDSIavTbi[1] _RC_RBT[0].DrvStatus.RunMode gRC_Err _RC_RET[0].DrvStatus.ESTOP _RC_RET[0L.DrvStatus.Manual _RC_RBT[D).DrvStatus. PowerEnabled gSysOK | a
| ] l/l I/{ I/I 1 |1 P "
=% i 1l 17T 171 171 ! ot
ECAT IO comm ECAT robot comm status Robot contro Robot emergency stop Robot operation mode Robot power ON Operation ready
status error

w

@ Operating program (Run)
"Run" (operating program) is used to operate a robot.
A program is described below.
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3 Implementation Example of Static Pick-and-place Equipment

0  Startauto-run

gStart AutoReset Autofrr gSysOoK gAutaOn
141 1 /1 | /I 1 | i
LA | Eali) 21 Lo ol
Auto-cperation Auto-operation Auto-operation Operation ready Auto-cperation
start button reset eror
gAuteOn
Auto-operation
1 Set robot motion parameter
P_First_Run
__i },_ 1 //ArmConfig;
2 Arm.LeftyRighty :=_eRC_LEFTY_RIGHTY#_rcRighty;
3 Arm.AboveBelow :=_eRC_ABOVE_BELOW#_rcAbove;
4 Arm.Flip :=_eRC_FLIP#_rcFlip;
s //Reserved = [4(16%0)]);
[
7 //MotionParams(Direct);
& MPD.VelocityProfile :=_eRC_VELOCITY_PROFILE#_rcTrapezoidal;
3 MPD.VelocityRatio :=100;

18 MPD.AccelerationRatio :=50;

11 MPD.DecelerationRatio 0;

12 MPD.NullingTolerance :=_eRC_NULLING_TOLERANCE#_rcFineTolerance;
13 MPD.SingleTurn :=_eRC_SINGLE_TURN#_rcMultipleTurn;

14 //Reserved : [8(16#0)]);

15;

16 //MotionParams(Linear);

17 MPL.VelocityProfile :=_eRC_VELOCITY_PROFILE#_rcTrapezoidal;

18 MPL.VelocityMode :=_eRC_VELOCITY_MODE#_rcRatio;

19 MPL.VelocityRatio :=100;

28 MPL.RotationVelocityRatio :=100;

21 MPL.Velocity :=0;

22 MPL.AccelerationRatio :=50;

23 MPL.DecelerationRatio :=50;

24 MPL.NullingTolerance :=_eRC_NULLING_TOLERANCE#_rcFineTolerance;
25 MPL.SingleTurn :=_eRC_SINGLE_TURN#_rcMultiple Turn;

26. //Reserved : [4(16%0)]);

7

//BufferMode;
BM_Bu :=_rcBuffered;
BM_BI :=_rcBlending;

//PositionMode;
PM :=_rcAbsolute;

bl ]

35 //APPROACH and DEPART Height [mm];
36 UpDownDist :=40;

2
RCCA
RC_Calibrate
RC_Robotd01—{Robot —— Robot |—RC_Robotdd1
P_First_Run
Execute Dene

gCalib Busy p—Enter Varioble
| +1

P | Tr CommandAborted |—Enter Varioble
Calibration start

butten Ervgr |—Enter Varioble

ErroriD |—Enter Variable
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3 Implementation Example of Static Pick-and-place Equipment

E-xecute position data copy progra

w
'
-
)
=
o
(<}
=
RCET o
ghutoOn RC BecioPraTe 3
|} ute (/2]
1 5
Auto-operation
UINT#1— TaskNo Busy|—Enter Variable g
“loccopy—{PrgName  CommandAborted|— Enter Variable ;’h
Enter Variobie— PrgParam Error—Enter Varioble 2!-_
o
INT#1—CycleNumber ErroriDj—Enter Varioble a
UDINT#0— StartStep 3.
=
Meonitoring position data copying program status g
RC.GV Q
eBool_Exe [RC_GetVipPrg Taskstatus] N rﬁ_ gPosDataOK (=
rane vaiid &N =Y O o
Start V+ program Position data -_U
UINT#1—{TaskNe  Ta gTaskStatus ToskS In g ws—{In updated o
Task status Task status Task status m x
Busy|—Enter Varioble INT®4—{In2 INT#1—{In2 a
=
Error|—Enter Varioble =) Q.
NE Autorr =j P
ErroriD|—Enter Varioble EN 0 (% o
Auto-operation 50
gTaskStatus— in1 error =]
Task status
INT&#1in2
eBoai_Exe
(=)
® 3
Start V+ program
Set pick-up position
gPosDataOK
1 Loc_PickVia[0] := eLoc_Pick[O]; w
FPosition data 2 Loc_PickVia[1] := eLoc_Pick[1]; N
updated 3| Loc_PickVia[2] = eLoc_Pick[2]+UpDownDist; N
4 Loc_PickVia[3] Loc_Pick[3] 5
5 Loc_PickVia[4] Loc_Pick[4] >
& Loc_PickVia[5] := eLoc_Pick[5]; g
O
Set place position '8
gPosDatalOK S
_| |_ 1 Loc_PlaceVia[0] :=eLoc_Place[0]; =
Position data 2. Loc_PlaceVia[1] :=eLoc_Place[1]; 8
updated 3 Loc_PlaceVia[2] :=eLoc_Place[2]+UpDownDist; »
4 Loc_PlaceVia[3] :=eLoc_Place[3]; %
5 Loc_PlaceVia[4] :=eLoc_Place[4]; o
& Loc_PlaceVia[5] :=elLoc_Place[5]; o
=
7 Get robot controd right %
RCAR 0]
AC_AttachRobot o
) RC_Robotdd1—{Robot ———— Robot}—RC_Robotdo1 =
_RC_RBT[0).DrvStatus.Calibrated gPosDataOK =
Execute Done =
Calibration completed Position data %
updated Busy r Viariable o
c
CommandAborted —Enter Variable g
Error] ‘ariable 8
EmoriD = Enter Varioble g
>
=
<2
)
=
o
«Q
=
)
3
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3 Implementation Example of Static Pick-and-place Equipment

QAIU‘tDIOﬂ _RC_RET[D).Status.Ready Amlnm gAutoRun
R | 1
| ) LI | 171
Auto-operation Auto-operation Start auto-
gAUtoRuUn reset operation
|
)
Start auto-
operation
Ll Move to wait position
RC_MDO1
RC_MeveDirect
RC_Robotd01—{Robot —— —— Robot|—RC_Robotdd1
gAutoRun WaitPes
1} Bxecute Dore
Start auto- Wait pasition
operation eloc_Wait— Pesition Busy|—Enter Variable
SuctionEnd RC_MDOZActive | Wait position
I Arm—{ArmConfig Active—Enter Varioble
. MPD—{MotionParams CommandAborted |—Enter Variabie
compieted
[BM_Bi— BufferMode Emar{—Enter Varisbie
PiM— PositionMode ErroriD|—Enter Varioble
10  Move to pick-up approach position
RC_MDO2
RC_MoveDirect
RC_Robot0d1—{Robot —— —— Robot|—RC_Robotdd1
WaitPos  SuctionEnd
1 /1
| 1/} Execute Dare
Wait position Suction .
compieted Loc_PidkVia— Position Busy—Enter Variable
StableSuction - .
l 1 I Am—{AmConfig Active—Enter Varioble
Suction stable MPD: i G Enter Variable
BM_Bu—{ButferMode Error|—Enter Viariable
PM—PositionMode ErroriD}—Enter Variable
11 Move to pick-up position
RC_MLOT
RC_Movelinear
RC_Robotdd1—{Robot —— —— Robot|—RC_Robot0d1
QSuctionOn RC_MDO2Active PickPos
? i Eomcih B F s
L 1 B Z A
Suction ON  Pick-up Pick-up position
approach point eloc_Pick— Position Busy|—Enter Variobie
Pickup position
MPL— MotionParams Active—Enter Variobie
BM_Bi— Bufferh G Enter Varicble
P Error|—Enter Variobie
ErroriD|—Enter Variobie
12 Suctioning on
PickPos gSuctionOff  AutoReset gSuctionOn
I I 71 1 -1 i
==l == 1/ 1 Pl \_J
Pick-up position Suction OFF Auto-operation Suction ON
gSuctionOn reset EQO1_Out_BitO0
O
Suction ON V- digital 10
4001
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13 Wait stable suction
TON_Pick
gSuctionOn TON

3 Implementation Example of Static Pick-and-place Equipment

StabieSuction

o [

14  Move to piace aproach position

E I
Suction ON
T#0Ss—PT ET|—Enler Variobie

Suction stabie

RC_MDO03
RC_MoveDirect
RC_Robot001—{Robot —— —— Robot|—RC_Robotdo1
StableSuction RC_MDO2Active
— | b 0
Suction stable Pick-up -
approach point Loc_PiaceVia— Position
gSuctionOff
I 1 l | Arm— ArmConfig
Suction OFF MPD: Com
BM_Bi— BufferMode
PM— PositionMode EmorD f—Ent
15 Move to place position
RC_MLO2
RC_Movelinear
RC_Robot001—{Robot —— —— Robaot|—RC_Robot001
StableSuction RC_MDO3.Active PlacePos
L |
I 1 | Execute Don
Suction stable Place position
eloc_Place— Pasition
Place position
MPL—{MotionParams
BM_Bi—BufferMode  CommandAborted
PM—|PesitionMode Errorf—Ent
ErroriD|—Enter Variable
16 Monitoring suction off
PlacePos AutoReset gSuctionOff
L | sl
1 W
Piace position Auto-operation Suction OFF
gSuctionOff reset
Suction OFF
17 Moenitoring suction end
TON_Piace
gSuctionOf TON SuctionEnd
1 q
Suction OFF _ Suction
T#025—{PT ET|—Enter Varicble completed
18 Stop robot mtien
RC_ST
RC_Stop
RC_Robot001— Robet Robot[—RC_Robotdd1
SuctionEnd  WaitPos & : =
I l | | Evecut o
I L
Suction Wait position
completed Busy
gReset
| 1 1 CommandAboried
Ly
Auto-operation Errar|
stop button
EmoriD)|
RC_DR
RC_DetachRobot
RC_Robotl01—Robot Robot—RC_Robotl01
5 = AutcResat
i, F ity
a c 9
Auto-operation
Busy| reset
CommandAborted [— Ent
Error|— Ent
ErroriD|—Enter V

I V+ Program

The V+ program that is required for controlling operations of the static pick-and-place equipment in the
sequence control program is described below.
The V+ program is used to register global variables and create two programs, "loccopy" (variable copy
program) and "auto" (read program).

® Global Variables

Register the global variables that are used in the V+ program.

NJ-series Robot Integrated System Startup Guide (0049)
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3 Implementation Example of Static Pick-and-place Equipment

3-1-2

3-10

408.400 0.000 263.000 0.000 180.000 -150.000

|Display Mod Category [Description

|glpick Location R1Cobra600 |Do not disp|
|glplace  |Location |-274.918 498.787 261.936 0.000 180.000 -179.927 IR'IchraﬁOﬂ Do not disp
|glwait Location  |400.000 0.000 330.000 0.000 180.000 -150.000 IR1Cobr3600 Do not disp

® Variable Copy Program (loccopy)
"loccopy" (variable copy program) is used to copy the global variables in the V+ program to the
shared variables with the sequence control program.
A program is described below.

.PROGRAM loccopy ()

.END

GLOBAL gl.pick, gl.place,

EXTERNAL eloc pick[]

EXTERNAL eloc placel[]

EXTERNAL eloc waitl[]

EXTERNAL ebool exe

gl.wait

; Copy location data to external variables

DECOMPOSE eloc_pick[] = gl.pick
DECOMPOSE eloc place[] = gl.place
DECOMPOSE eloc wait[] = gl.wait

ebool exe = TRUE

® Read Program
"auto" (read program) is used to read the V+ program and global variables from the SD Memory
Card to main memory.
Refer to 3-3-8 Setting up Automatic Loading of V+ Programs and Variables at Power ON on page
3-77 for information on "auto" (read program).

When Operations are Controlled with V+ Program

The program specifications when operations of static pick-and-place equipment are controlled with the
V+ program are described below.

The program consists of the following programs.

Program name

Language

Description

Main Sequence control program (Ladder diagram) | Main program
run V+ program Robot commands send program
supervisor V+ program Status monitoring program

M Precautions for Correct Use

The V+ program continues to run even if the Robot Integrated CPU Unit goes into PROGRAM
mode. The supervisor detects the Controller’'s PROGRAM mode and stops the robot motion
and V+ programs.
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3 Implementation Example of Static Pick-and-place Equipment

I Shared Variables

The following table shows a list of shared variables that are used in the sequence control program.

No. | Variable name | Data type Description

1 eBool_ExeT1 BOOL Use the variable to check that the execution of V+ task 1 is started in the
sequence control program.

2 eBool_ExeT2 | BOOL Use the variable to check that the execution of V+ task 2 is started in the
sequence control program.

3 eBool_Mode BOOL Use the variable to check the operating mode in the Robot Integrated CPU
Unit in the V+ program.

aoe|d-pue-yoid one}s 103 suonesdads weiboid L-¢
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4 eBool_Reset BOOL Use the variable to check that the reset button is pressed during automatic
operation in the V+ program.

I Sequence Control Program

This section describes the sequence control program required for controlling the operation of the static
pick-and-place equipment with the V+ program.

The sequence control program is used to register global variables and create "Main", a main program
that monitors the status of peripheral devices and determines whether the automatic operation can
start.

@ Global Variables
Register the global variables that are used in the sequence control program.
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3 Implementation Example of Static Pick-and-place Equipment

Do not publish

Do not publish

h % Retain Constant

E0D1_in_Bit00 BOOL a 0 Y.

|E001_in_Bit1 BOOL ECAT://node#1/Read input 1st word/In Bit01 O [] |Donotpublish

{E001_In_Bit02 BOOL ECAT://node#1/Read input 15t word/in Bit02 O [0 |Donotpublish v

E001_in_Bit03 BOOL ECAT://node#1/Read input 1st word/In Bit03 [=] [] |Donotpublish v

E001_in_Bit04 BOOL ECAT://node#1/Read input 1st word/In Bit04 =] [] |Donotpublish v

E001_In_Bit05 BOOL ECAT://node#1/Read input 15t word/in Bit05 [m] [0 |Donotpublish v

E001_in_Bit06 BOOL |ECAT://node#1/Read input 15t word/In Bit06 O [0 |Donotpublish v

E001_In_Bit07 BOOL |ECAT://node=1/Read input 1st word/In Eit07 [ [ |Donotpublish v

|E0OT_In_Bit08 BOOL |ECAT://node®1/Read input 15t word/In Bit08 a [] |Donotpublish

|E001_In_Bit09 BOOL |ECAT//node=1/Read input 15t word/In Eit09 (@] [] |Donotpublish

|E0OT_In_Bit10 BOOL |ECAT//node=1/Read input 15t word/In Bit10 [m] [0 |Donotpublish =

|E001_In_Bit11 BOOL |ECAT://node=1/Read input Tt word/In Bit11 O [0 |Donotpublish v

[E001_In_Bit12 BOOL |ECAT://node=1/Read input 15t word/In Bit12 [] [0 |Donotpublish

[E001_in_Bit13 BOOL ECAT://node#1/Read input 1st word/In Bit13 [m] [0 |Donotpublish ~+

[E001_In_Bit14 BOOL ECAT://node#1/Read input 1st word/In Bit14 O [] |Donotpublish

[E001_In_Bit15 BOOL ECAT://node#1/Read input 1st word/in Bit15 O [0 |Donotpublish v

E001_Minor_Fault BOOL ECAT//node#1/Sysmac Error Status/Minor Fault | [ [0 |Donotpublish v

E001_Observation BOOL ECAT://node®1/Sysmac Error Status/Observation O [0 |Donotpublish

E001_Out_Bit00 BOOL O [0 |Donotpublish v

|E001_Out_gitd1 BOOL ECAT://node=1/Write output 15t word/Out Bit01 | [ [0 |Donotpublish v

|E0O1_Out Bit02 BOOL |ECAT://node=1/Write output Tst word/Out Bit02 | [ [0 |Donotpublish v

|E001_Out Bit03 BOOL |ECAT//node=1/Write cutput Tst word/Out Bit03 | [ [0 |Donotpublish v

|Em1_cug_!i\m BOOL ]ECA‘rﬂnodm!wm output Tst word/Out Bit04 = [0 |Donotpublish

|E001_Out Bit05 BOOL |ECAT//node=1/Write output Tst word/Out Bit05 | [ [0 |Donotpublish v

|E001_Out Bit0S BOOL |ECAT://node#1/Write output Tst word/Out Bit06 | [ [] |Donotpublish v
|E001_Out Bito7 BOOL ECAT://node#1/Write output 1st word/Out Bit07 | [ [0 |Donotpublish v
[E001_Out Bit0s BOOL |ECAT://node#1/Write cutput Tst word/Out Bit08 | [ [0 |Donotpublish v

E001_Out_Bit09 BOOL ECAT://node#1/Write output 1st word/Out Bit09 | [ [0 |Donotpublish =

E001_Out_Bit10 BOOL ECAT://node#1/Write output 1st word/Out Bit10 | ] [0 |Donotpublish v

E001_Out_Bit11 BOOL ECAT://node#1/Write output Tst word/Out Bit11 | [ [0 |Donotpublish v
|E007_Out_Biti2 BOOL ECAT//node®1/Write output Tstword/Out Bit12 | [ [0 |Donotpubiish v
|E001_Out_8it13 BOOL |ECAT://node=1/Write output 1st word/Out Bit13 | [ [0 |Donotpublish
|E001_Out_Bit14 BOOL |ECAT//node=1/Write output Tst word/Out Bit14 | [ [0 |Donotpubliish =
|E001_Out Bit15 BOOL |ECAT://node=1/Write output Tst word/Out Bit15 | [ [] |Donotpublish v
|E001_Read input_1st word WORD |ECAT://node=1/Read input 1t word [m] [0 |Donotpublish v
|ED01_Sysmac_Error_Status BYTE ECAT//node#1/Sysmac Error Status ] [0 |Donotpublish v

EQ01_Write_output_1st word WORD ECAT://node#1/Write output 1st word O [0 |Donotpublish

#Bool_ExeT1 BOOL [ [0 |Donotpublish v [V taskstart 1
eBool_ExeT2 BOOL [=] [0 |Donotpublish v |Ve taskstart2
eBool_Mode BOOL O [0 |Donotpublish v [CPU operation mode
eBool_Reset BOOL [m] [0 |Donotpublish v |Auto-operation reset
gAutoOn BOOL ] [0 |Donotpublish v |Auto-operation start
gEnableT1 BOOL [m] [] |Donotpublish v [V+ taskin ion 1
gRC_Emr BOCL O [0 |Denotpublish v |Raboterror

gStart BOOL ECAT://node1/Read input 15t word/In Bit00 = [ |Donotpublish v |Auto start button
gSysOK BOOL [m] [0 |Donotpublish v |Operation ready
gTS1 INT = [0 |Donotpublish v |Taskstatus1

gTs2 INT (] [0 |Donotpublish v [Taskstatus2
gVpENT2 BOOL [ [0 |Donotpublish v |Auto-operation error
gVpFinT2 BOOL [ jm | ¥ |Auto-operation completed

® Main Program

"Main" (main program) is used to monitor the following status of the robot and EtherCAT Digital 1/0
Terminal and determine whether the automatic operation can start.
Refer to the manuals of each device for details on the variables.

No. Variable name
1 _EC_PDSlavTbl[1]

Description

Check that the communications of the EtherCAT Digital I/O Termi-
nal are established.

2 _RC_RBT[0].DrvStatus.Run-
Mode

3 GetRCError

Check that the communications between the Robot Integrated CPU
Unit and the robot are established.

Check whether an error caused by the Robot Control Function
Module exists.

Check whether the robot is in ESTOP state.
Check that the operating mode of the robot is Manual mode.

_RC_RBT[0].DrvStatus.ESTOP
5 _RC_RBT[0].DrvStatus.Manual

6 _RC_RBT[0].DrvStatus.Power-
Enabled

Check that the robot high power is enabled.

A program is described below.
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0 Monitaring CPU Unit status

w
S
)
=
=]
«Q
=
P.On eBool_Mode Q
| 3
CPU operation (2]
mode -g
1 Monitaring robot control esror (2]
ACEwo] gRC Err =
EN 8
Robot error =
Levell—Enter Variobie o
=]
Code|—Enter Varigbie ”n
-
o
2 Monitoring system operation status =
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I V+ Program

This section describes the V+ program to control the static pick-and-place equipment.
The V+ program is used to register global variables and create three programs, "run" (robot com-
mands send program), "run.checkmode" (V+ program stop program), and "auto" (read program).
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® Global Variables

Register the global variables that are used in the V+ program.

Robot Display Mod| Category [Description

|glpick Location  |408.400 0.000 263.000 0.000 180.000 -150.000 R1Cobra600 |Do not disp|
iglplace |Location |-274.918 498.787 261.936 0.000 180,000 -179.927 IR‘ICchraBOCI Do not disp
|glwait Location  |400.000 0.000 330.000 0.000 180.000 -150.000 |R1Cobra600 |Do not disp

Robot Commands Send Program

"run" (robot commands send program) is used to send robot commands to execute the static pick-
and-place operations.

A program is described below.

.PROGRAM run ()
; ABSTRACT: Pick and place program
AUTO ar.speed, ar.accel, ar.wait on, ar.wait off, ar.dist, ar.loc[5], al.
safe
EXTERNAL ebool exet2
ebool exetZ2 = TRUE
; Set parameter

ar.speed = 100 ; Speed ratio per full speed [%]

ar.accel = 50 ; Accel ratio per full speed [%]
ar.wait on = 0.5 ; Wait time for air-on [sec]
ar.wait off = 0.2 ; Wait time for air-off [sec]

ar.dist = 40 ; Approach and deppart distance [mm]
; Calculate and set temporary destination
DECOMPOSE ar.loc[] = HERE
SET al.safe = TRANS(ar.loc[0],ar.loc[1l],DZ(gl.wait),ar.loc[3],ar.loc[4],a
r.loc[5])
; Prepare robot motion ready
CALIBRATE
ATTACH ()
SPEED ar.speed, ar.speed ALWAYS
ACCEL ar.accel, ar.accel
; Approach/Move to wait position
MOVES al.safe
MOVE gl.wait
BREAK
; Approach/Move to pick position
APPRO gl.pick, ar.dist
MOVES gl.pick
BREAK
;Suctioning on and waiting
SIGNAL 4001
WAIT.EVENT ar.wait on
;Depart/Approach/MOVE to palce position
DEPART ar.dist
APPRO gl.place, ar.dist
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MOVES gl.place
BREAK
; Suctioning off and waiting
SIGNAL -4001
WAIT.EVENT ar.wait off
; Depart/Move to wait position
DEPART ar.dist
MOVE gl.wait
BREAK
; Release robot control

DETACH ()

aoe|d-pue-yoid one}s 103 suonesdads weiboid L-¢
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.END

@ Status Monitoring Program (supervisor)
The "supervisor" (V+ program stop program) detects the Robot Integrated CPU Unit going into
PROGRAM mode and stops the robot motion and V+ programs by using the shared variables for
the sequence control program and V+ programs.
A program is described below.

.PROGRAM supervisor ()
; ABSTRACT: Stop pic and place program
EXTERNAL ebool mode
EXTERNAL ebool exetl, ebool reset
ebool exetl = TRUE
WHILE TRUE DO
; Check NJ mode and reset-button
IF (ebool mode == FALSE) OR (ebool reset == TRUE) THEN

; Abort current robot motion

welboid +A YIM pajjosjuo) ale suoneladQ Usyp z-1-¢

BRAKE
; Terminate "run" program task
ABORT 1
; Wait until "run" program task has stopped
CYCLE.END 1
; Clear a program execution stack
KILL 1
END
IF (ebool mode == TRUE) THEN
ebool exetl = TRUE
END
; Walt next robot control period
WAIT
END
.END

® Read Program
"auto" (read program) is used to read the V+ program and global variables from the SD Memory
Card to main memory.
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Refer to 3-3-8 Setting up Automatic Loading of V+ Programs and Variables at Power ON on page
3-77 for information on "auto" (read program).
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3-2 Basic Startup Procedures

This section gives an overview of the basic startup procedures to build a static pick-and-place system.
First, program a machine operation, configure and check the settings using the simulator, and then run

the system for fine-tuning the operation.

3 Implementation Example of Static Pick-and-place Equipment

No. Procedure Description Reference
1 Programming and Sim- | Creating a project Create a project file in the Sysmac page
ulation Procedures Studio. 3-19

2 Creating the network Create the EtherCAT Network Configu- | page
configuration ration and add a robot on the network. | 3-20

3 Writing the programs Create a sequence control program page

and V+ programs. 3-22
page
3-28
4 Placing 3D shape data Place 3D shape data and make the page
operating range of the robot visible on | 3-35
the 3D Visualizer.

5 Starting simulation Activate the simulation function and page

start to simulate the robot motion. 3-65

6 Teaching (Simulation) Use the simulation function of the Sys- | page

mac Studio for teaching the positions. | 3-66

7 Running the program Run the sequence control program on | page
(Simulation) the simulator of the Sysmac Studio. 3-81

8 Installing and Wiring Wiring the Robot Inte- Wire the Robot Integrated CPU Unit page

the System grated CPU Unit and the | and the EtherCAT Digital I/O Terminal. | 3-86
EtherCAT Digital 1/0 Ter-
minal

9 Setting the node address | Set the EtherCAT node address of the | page
of the EtherCAT Digital EtherCAT Digital /0 Terminal. 3-87
I/O Terminal

10 Wiring the EtherCAT Dig- | Wire the EtherCAT Digital /0 Terminal | page
ital 1/0 Terminal and the | and the robot. 3-87
robot

11 Setting the EtherCAT Set the EtherCAT node address of the | page
node address of the ro- robot. 3-88
bot

12 Wiring the Robot Inte- Wire the Robot Integrated CPU Unit page
grated CPU Unit and the | and the computer. 3-88
computer

13 Wiring the robot, T20 Wire the robot and the T20 pendant, page
pendant and the front as well as the robot and the front pan- | 3-89
panel el.

14 Wiring the EtherCAT Dig- | Wire the EtherCAT Digital /0 Terminal | page
ital /O Terminal and the | and the solenoid valve. 3-90
solenoid valve
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3 Implementation Example of Static Pick-and-place Equipment

No. Procedure Description Reference
15 | Setup Procedure for Going online Place the Sysmac Studio online with page
Actual System the Robot Integrated CPU Unit. 3-92
16 Transferring settings and | Download the programs and settings page
programs in the Sysmac Studio project file to the | 3-94
Robot Integrated CPU Unit.
17 Teaching (On the actual | Operate the robot to check and correct | page
equipment) the teaching data. 3-96
18 Running the programs Let the robot operate automatically ac- | page
(On actual equipment) cording to the programs. 3-110
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3-3 Programming and Simulation Proce-
dures

This section describes the procedure for creating project files, programing, and setting and checking
operation in simulation.
The simulation function allows you to check the equipment operation in advance without purchasing

actual equipment.

3-3-1  Creating a Project File

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

Create a project in the Sysmac Studio.

w

1 Start the Sysmac Studio and click New Project in the Start page.

Offline

e Project—

@ Open Project

& Import...

8|14 108fo.d e Bunesi) |-¢-¢

The Project Properties dialog box is displayed.

2 In the Project Properties dialog box, enter the Project name, Author, and Comment, and
select the Category, Device, and Version as shown in the figure below.

1 :
Af Select Device

Device NIS01 v |-

3 Select the Open in Emulation Mode check box, and click the Create button.

| I Symmae St sy
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A project file is created and the following window is displayed.

1B New Project - new_Controller_0 - Sysmac Studio (64bit) - o X

new_Controller 0 +

] Conuiions and et |
f ogemmng |

3-3-2  Creating the EtherCAT Network Configuration

Create the EtherCAT network configuration and add a robot on the network.

1 Click Configurations and Setup in the Multiview Explorer.

new_Controller 0

2 Double-click EtherCAT under Configurations and Setup in the Multiview Explorer. Or right-
click EtherCAT under Configurations and Setup and select Edit from the menu.
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Multiview Explorer

new_Controller 0

The EtherCAT Master is displayed in the EtherCAT tab page.

1B New Project - new_Controller_0 - Sysmac Studio (64bit)

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

I] RBAD-1SANO2H-ECT Rev:1.0

-1SAND4H-ECT Revi1.0

3 From the Toolbox, select the group of Digital I/O.

|All vendors

[1 Terminal Coupler
[} Servo Drives
L lnverter

uoneINBLUOD MIOMION 1YDIeUT au) Bulead z-¢-¢

4 Click and drag the digital I/O to use and drop it on the EtherCAT Master in the EtherCAT tab
page. In this example, select GX-MD3218.

e
D Master
Master

Cutput
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5 From the Toolbox, select the group of Robot.

Ps

All groups

['1 Terminal Coupler
'] Servo Drives

[ Frequency Inverter

= Analog 10
Enc Input
= Meas ent Sensor
I vision
7 Digital Ty
¥ Junction Slave
alion Adapter

- [ R m EE --

6 Select and drag the robot to use and drop it on the GX-MD3218 in the EthercAT tab page.
Here, select eCobra 600 Pro.

|Node Address|Network configuration

Value

. [ Frequency Inverter
| Digital 10
GEMOI21S EA:I: 0
GX-MD321g ... :

= Encoder Input
[ F

Node Ad
Enable/Di
Serial Number

0x6 25T.
DO Map Settin...  0,2002:01 512
Edit PDO Map
Enable Distribit =
Shift Time Setting
Reference Clock
Setting
Edit Setting Pa
Setting
Edit Backup Pa J§Y =Cobra 600 Std Rewil.0

Setting Paramet...

Backup Paramet...

An eCobra 600 Pro is added under the GX-MD3218.

b7 2
EfAT
Node Address|Network configuration
= Master
Master
1 l'|_|| E0D1

oo

————
|§| eCobra 600 Pro Rev:1.0

3-3-3  Creating a Sequence Control Program

This section provides the procedure for creating a sequence control program.
For details on the program to create, refer to 3-1 Program Specifications for Static Pick-and-place
Equipment on page 3-2.

I Creating Device Variables

Create device variables to control solenoid valves.

You need to create device variables to use sequence control programs for controlling static pick-and-
place operation.

This setting is not required if you use V+ programs for controlling the operation.
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1 Double-click /0 Map under Configurations and Setup in the Multiview Explorer.

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

Position Port Description R/W | Data Type
¥ EtherCAT Network Configuration
MNodel p  GX-MD3218
p ' eCobra 600 Pro
¥ & CPU/Expansion Racks
CPU Rack CPU Rack 0

w

Position Port
w_E& FtherCAT Metwork Configuration
Nodel GX-MD3218
Node2 eCobra 600 Pro

The 1/O ports of the GX-MD3218 are displayed.

weibold joiuo) sousnbag e Bunesl) ¢-¢-¢

Port

Configuration
Node1
> ourp i1 word
» Read input
» Sysmac Error Sta

Node2 »  Cobra 600 Pro
v %’ CPL n Racks
CPU Rack

Search
Expand/Collapse All

Device variables are automatically registered for the I/O ports of the GX-MD3218.
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Port D stion _: R/W | Data [-;pe_ Variable

» Read input 1st word Digital input va R WORD 001_Read_input_1st_word
» Sysmac Error Status Sysmac error st R BYTE 001 Sysmac Error Status

Vrite output 1st word Digital output v W Wi E}D'I_Wme_outputj st_word

| Defining Global Variables

Define global variables used as the position data in the sequence control program.

1 Double-click Global Variables under Programming - Data in the Multiview Explorer. Or, right-
click Global Variables under Programming - Data and select Edit from the menu.

Output

The global variable table is displayed.

Bl New Project - new_Controller_0 - Sysmac Studio (64bit) = o x

Inatsal Value

Location

[Emulati

2 Press the Insert key in the global variable table, or right-click in the global variable table and
select Create New from the menu.

Initial Value

Ctri+C

3 Enter or select setting for each item, and then press the Enter key.
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! Global Vaniables X

Group Filter ' | (No group)

Name

For information on global variables to register, refer to Sequence Control Program on page 3-3
if the system is controlled by the sequence control program or Sequence Control Program on
page 3-11 when it is controlled by the V+ program.

The global variable is registered.

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

I Creating Ladder Diagram Programs

This section describes how to create the ladder diagram programs.

1 Right-click Program0 under Programming - POUs - Programs in the Multiview Explorer and
select Rename from the menu.

vith Dependents

Delete

weibold joiuo) sousnbag e Bunesl) ¢-¢-¢

2 Enter the name of the sequence control program.
The name of the sequence control program is changed.

The variable table and Ladder Editor are displayed in the Edit Pane.
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[ New Project - new_Controller_0 - Sysmac Studio (64bit) - o X

v Toolbox + B

4 Enter the program in the Ladder Editor. Internal and external variables are automatically regis-
tered when they are entered in the program.
For information on the programs, refer to Sequence Control Program on page 3-3 if the system
is controlled by the sequence control program or Sequence Control Program on page 3-11
when it is controlled by the V+ program.

To create more than one sequence control program, perform the following steps.

5 Right-click Programs under Programming - POUs in the Multiview Explorer, and then select
Add - Ladder from the menu.

6 Click the icon displayed to the left of Program0 under Programming - POUs - Programs in
the Multiview Explorer.

Section0 is added under Program0.
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7 Returns to step 1 and repeat the above steps.

I Assigning Programs to Tasks

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

In this section, assign the ladder diagram programs to tasks of the Robot Integrated CPU Unit.

In this guide, multiple ladder diagram programs are used to control the static pick-and-place equip-
ment, so it is necessary to assign the programs to tasks.

When the equipment is controlled by the V+ Program, only one ladder diagram program is used and
you do not need to perform the steps in this section.

w

1 Double-click Task Settings under Configurations and Setup in the Multiview Explorer.

b4 Configurations and Setup
B & EtherCAT

weibold joiuo) sousnbag e Bunesl) ¢-¢-¢

The Task Settings tab page is displayed.

2 Click the Program Assignment Settings button ( ) in the Edit Pane.

"

M Priority-4 Primary Periodic Task

3 Click the + button.
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¥ I® PrimaryTask

Program name  Initial status

1 [Main "*] [Run

W [ PrimaryTask
Program name  Initial status

1 [Main =] [Run

_

Program name  Initial status
v [Run
': Run

3-3-4  Creating V+ Programs

This section provides the procedure for creating the V+ programs.
For details on the program to create, refer to 3-1 Program Specifications for Static Pick-and-place
Equipment on page 3-2.
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| setting v+Digital 110

To control EtherCAT Slaves by V+ programs, you must assign V+ digital 1/Os.
This setting is required to control the operation of the static pick-and- place equipment with the V+ pro-
gram. If you use sequence control programs for controlling the operation, this setting is unnecessary.

1 In the Multiview Explorer, select new_Controller_0 from the device list.

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

Multiview Explorer

new_Controller. 0 «

sweiboid +A Bunealn y-¢-¢

The Robot Common Settings tab page is displayed.
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V+Digital I/0 |

4 Click the + button in the Robot Common Settings tab page.

A row for registering a new V+ digital I/O is added.

5 Click the drop-down list for Device in the newly added row, and then select Node:1 GX-
MD3218(E001).

| Device
| <Not assigned>

6 Click the drop-down list for Port in the same row, and select Out Bit00.
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Device Port
[Node : TGXMD32TB(ED0 v | (<Not assigned>
In Bit13

In Bit14
In Bit15

Minor Fault

7 Enter 4001 for V+Digital /0.

! __Device |
| [Node : 1 GX-MD3218(E001 ~ | [Out Bit00

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

| Defining Global Variables

Define the global variables for use in the V+ program.
Here, the procedure to create a variable gl.wait is given below as an example, which is a global varia-
ble used in the V+ program in 3-1-1 When Operations are Controlled with Sequence Control Program

on page 3-3.

w

1 In the Multiview Explorer, select RobotControlSettings from the device list.

sweiboid +A Bunealn y-¢-¢

RobotControlSettings v

Name Initial Value

M Precision Point

~Categories

3  Click the + button.
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The Add New Variable table is displayed.

B Index Count

Starting Index

4 Input a variable name.

B Add a new variable X |

Variable N: |glwaity,

|
I

B Index Count: |1

1
Starting Index: _ 0
I

Ending Index:

Accept

For information on global variables to register, refer to V+ Program on page 3-9 if the system is
controlled by the sequence control program or V+ Program on page 3-13 when it is controlled
by the V+ program.

5 Select Locations from the list of variable types.

B Add a new vaniable %

Starting Index:

Ending Iindex:

Accept Cancel

6 Select R1Cobra600 from the list for the robot.
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Add a new variable I} x

l.wait

000000 Sl

qirfir
drfar
' B

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

7 Click the Accept button. 3
Add a new variable % * w
T ®
Wal A
ocatio O
@
=
2
«
oo0000 i <
5
brabl [Robo o)
o
!
p od [V
' 3
(2]
0 o o &
ding 0 = [t} 1 i) =

Accept

The variable gl.wait is added to the table.

Location| 584.953 0.100 379.410 0.000 180.000 180.000 R1Cobrab00} Do not display

I Creating V+ Programs

This section describes the procedure to create V+ programs.

1 In the Multiview Explorer, select RobotControlSettings from the device list.

2 Right-click V+ Modules under Programming in the Multiview Explorer, and select Add New
Module from the menu.
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Multiview Explorer > 3

RobotControlSettings v |[—=—

Add Shortcut

In the tree of the Multiview Explorer, program0 - program0 are added under V+ Modules,
which allows you to edit the name of the V+ program.

Multiview Explorer ~ 3

RobotControlSettings v

3 Enter the name of the V+ program.
The name of the V+ program is changed.

A tab page to edit the V+ program is displayed in the Edit Pane.
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| I Poew Project - RobotConermiSetangs - Sysmac Studi (S40im

5 Create the program in the Edit Pane.
For information on the programs, refer to V+ Program on page 3-9 if the system is controlled
by the sequence control program or V+ Program on page 3-13 when it is controlled by the V+
program.

3-3-5 Placing 3D Shape Data

I Making the Robot Motion Range Visible

You can make the operating range of the robot visible on the 3D Visualizer. Making the operating
range visible makes it easier to set the position of the robot.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

Alt+1
Alt+Shift+1

Output Tab Page
g Configu  \watch Tab Page Alt+4
Watch Tab Page(Table) Alt+Shift+4

2 In the 3D Visualizer, click the Scene Graph icon.
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Note The 3D Visualizer is in Float mode state in this procedure. For information on Float mode, refer to
A-2-1 Set the 3D Visualizer to the Float Mode on page A-21.

The Scene Graph dialog box is displayed.

Scene Graph O X
pl

W Ruler

I0EndEffectord
Object Visibility

Selection (Q)
N

Accept

3 In the Visibility tab page, select the Work Volume check box located under
RobotControlSettings - R1Cobra600.

Scene Graph - O *

W Ruler

Object Visibility

Selection (Q)
ne
r hide the work volume display of the robot

Accept Cancel

The 3D Visualizer illustrates the robot’s operating range in gray.
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I Importing 3D CAD Data

Import the 3D CAD data of the conveyors as 3D shape data to the Sysmac Studio.
This section describes the procedure to import the 3D CAD data of Conveyor A and Conveyor B used
in the equipment model in 1-4 Operations of Static Pick-and-place Equipment on page 1-6.

1 Select Application Manager from the Insert menu on the main window of the Sysmac Studio.

Multiview Application Sample
Safety Network Controller »

The Add Device dialog box is displayed.
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Add Device x

{1 . :
Al Select Device

Category Application Manager
Device AM101 ¥ |~ [1000

Version 3.00

2 Select Category, Device, and Version as shown in the figure below, and then click the OK
button.

Add Device .
l.ﬁﬂ Select Device

Category Application Manager
Device AMI01 ~ |- [7o00

Version 3.00

@ Additional Information

Application Manager added by this operation can only be used for simulation. Do not use it for
actual device

3 Click Configurations and Setup in the Multiview Explorer.

Setting items are displayed under Configurations and Setup in the tree.

3-38 NJ-series Robot Integrated System Startup Guide (0049)



3 Implementation Example of Static Pick-and-place Equipment
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4 Right-click 3D Visualization.
The menu commands are displayed.

w

5 From the menu, select Add - CAD Data.

™ Cameras

guration Add Shortcut

ejeq adeys qg buoeld g-¢-¢

ce of the CAD data

# Select Source
CAD Library
Conn s @ CAD Library

Identify where the CAD file is located.

Import File @ Open my own CAD file

Cancel

6 Select Open my own CAD file.

7 Click the Next button.
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mpo
Select Source

Select the source of the CAD data

2 Select Source
CAD Library

. @ CAD Librar
Import File 0 Open my own CAD file

Identify where the CAD file is located

8 Click the Open File button.

Import File

Import the selected CAD file

Select the file which should be imported.

r File Name

© +90 Yaw +90 Pitch

The Open dialog box is displayed.

B cpen b ¢
- v 4 3> ThisPC > 3D Objects v | | Search 30 Objects 2

Organise ~  New folder =- m

A

x64

v WThisPC
> 73D Objects
» Il Desktop
1% Documents
& Downloads
> Music
v
File pame: | SVKN-100-1000-25-T100-IM-9-H-Astp v STEP File (*stp;*step) v

e

9 Select 3D CAD data to import, and then click the Open button.
In this example, you select the conveyor of MISUMI Corporation whose model number is
SVKN-100-1000-25-T100-IM-9-H-A for the Conveyor A. You can import the 3D CAD data with
the file name extension “stp”.
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The Open dialog box is closed and import of 3D CAD data starts automatically.

w

1 open % &
& « 4 30> ThisPC > 3D Objects v |0 | Search 3D Objects » 3
o

Organise = New folder iBE- O @ «Q
=

64 G SVKN-100-1000-25-T100-IM-8-H-Astp 5

% This PC 5
8 3D Objects @
B Desktap g

i Documents o

& Downloads 9

& Music 3
- ¥ <

T (]

£ Cname: | SYKN-100-1000-25-T100-IM-9-H-Astp ~| |STEPFile (*stp;*step) ~ =

h o

3

o

[2]

(1]

Q.

s

[

(7]

Import CAD File

w

Cancel

When the import completes, the assemblies of the import 3D CAD data is displayed in the
Import CAD File wizard.
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@ Additional Information

Align the conveyor top to the U face. Click the +90 Yaw button or +90 Pitch button to change
the orientation of the conveyor.
If you use positioned and oriented CAD data, this operation is not necessary.

7 0 Ciick the buttons in the following order; +90 Yaw, +90 Pitch, +90 Yaw, +90 Pitch and +90
Pitch
The conveyor top comes to the U face.
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3-42

11 Select the parts to add for simulation, and click the Next button.

The Import CAD File wizard is closed and the main window is displayed again.

12 Check that CAD Data0 is added under Configurations and Setup - 3D Visualization in the
Multiview Explorer.

Multiview Explorer
.}i.pplicaﬁonMa nagera- v
A Configurations and Setup

gs

13 Perform step 4 and later to import the 3D CAD data of the Conveyor B.
In the Multiview Explorer, CAD Data1 is added under Configurations and Setup - 3D
Visualization.
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Multiview Explorer

-ApincationManagerO v
AJl Configurations and Setup

The 3D CAD Data for Conveyor A and Conveyor B are now imported.

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

I Placing 3D Shape Data on the 3D Visualizer

w

Place the imported 3D shape data in the appropriate position on the 3D Visualizer.
When 3D shape data is imported, the 3D shape data is positioned so that it has the same coordinate
origin as the robot coordinate system. Therefore, it is necessary to move the 3D shape data to the

appropriate position.
This section describes the procedure to place Conveyor A used in the equipment model in 7-4 Opera-
tions of Static Pick-and-place Equipment on page 1-6 as an example.

@ Additional Information
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For information on setting up in the 3D Visualizer and translating the point of view in the 3D Vis-
ualizer, refer to the A-2 How to Use 3D Visualizer on page A-21.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

B Multiview Explorer Alts1
Project Shortcut View AltsShift+1

Toolbox Alt+2

Event Loy

The 3D Visualizer is displayed on the right side of the main window.

| [ Sestic PAP Samgie 0.3 - ApphcationManagert - Sysma: Studic [Gabit) (=] 3
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2 In the 3D Visualizer, select the imported 3D shape data with the mouse cursor and right-click it.

The menu commands are displayed.

E Additional Information
When you move the mouse cursor on the 3D shape data in the 3D Visualizer, the name of the

3D shape data /ApplicationManager0/CAD Data0 is displayed.

The Move icon consisting of colored arrows, a purple circle, and faces is displayed on the ori-

gin of the 3D shape data.

4 Drag one of the arrows, faces, or the purple circle and drop it on the place to move the 3D

shape data.
NJ-series Robot Integrated System Startup Guide (0049)
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The Move icon has red, green, and blue arrows, which represent the X-axis, Y-axis, and Z-axis,
respectively. The red face shows the YZ plane, the green face shows the ZX plane, and the
blue face shows the XY plane.

Sainpasoid uonejnwig pue Bujwweiboid g-¢

3

You can drag an arrow to move the 3D shape data along the axis. Or, use the face icon to

move the 3D shape data on the corresponding plane. You can also move the 3D shape data
w

independently from the axis direction by dragging the purple circle. g
a
w
w]
2]
>
S
[0
|w)
151
[V

E Additional Information

When the Move icon is hidden, click the 3D shape data to display it.

5 Right-click the 3D shape data you are moving in the 3D Visualizer.
The menu commands are displayed.

6 Select Edit Workspace Position from the menu to clear the selection.
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v Show/Hide Mount Points

7 Right-click the 3D shape data in the 3D Visualizer.
The menu commands are displayed.

8 Select Edit Workspace Orientation from the menu.

Edit

Copy

Direct Position Edit
Ed ifi

9 Drag and drop the handle of the Rotate icon to rotate the 3D shape data around the axis to an

appropriate orientation.
The icon has red, green, and blue handles, which represent rotation around the X-axis, Y-axis,

and Z-axis, respectively.
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10 Right-click the 3D shape data to adjust the orientation in the 3D Visualizer.
The menu commands are displayed.

w

11 Select Edit Workspace Orientation from the menu to clear the selection.
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. B Edit

Copy
Direct Position Edit

12 Right-click the 3D shape data that you were adjusting the orientation in the 3D Visualizer.
The menu commands are displayed.

13 Select Direct Position Edit from the menu.

The input fields for editing the position of the 3D shape data is displayed.
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3-48

14 Enter values in mm in the X, Y, and Z fields to move the 3D shape data to an appropriate posi-

tion.

The position of the 3D shape data changes according to the input values.

@ ~ X ¥ 7
: .| 400.000 |[ -700.000 || 200000 | ™"
e —

Ralem )tz L]

15 Click the Edit Workspace Orientation icon.

@ \ X ¥ Fi
. [ 400,000 || -7o0.000 || 200000
AiCsH]

= el

The input fields for editing the orientation of the 3D shape data is displayed.

16 Enter values in degree in the input fields for Yaw, Pitch, and Roll to adjust the orientation of the
3D shape data.
The orientation of the 3D shape data changes according to the input values.
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Sainpasoid uonejnwig pue Bujwweiboid g-¢

1 7 In the 3D Visualizer, right-click the 3D shape data that you adjusted the position and orienta-
tion.
The menu commands are displayed.

w

18 Select Direct Position Edit from the menu to clear the selection.
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Precautions for Correct Use

Refer to the Sysmac Studio 3D Simulation Function Operation Manual (Cat. No. W618) for de-
tails on coordinate system in the 3D Visualizer.

19 Perform step 2 and later to adjust the position and orientation of the CAD Data1 of Conveyor B.

Roll
2 0000 |[ o000 || s0.000 |

degree

The 3D shape data of Conveyor A and Conveyor B are now placed in the appropriate positions in the
3D Visualizer.
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I Setting the 3D Information of the Robot’s End-effector

Set the 3D information of the Robot’s end-effector.

1 Select RobotControlSettings from the device list in the Multiview Explorer.

RobotControlSettings

3 Double-click Robots.

Multiview Explorer ~ 1

RobotControlSettin v

Setting items are displayed under Robots in the tree.
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Multiview Explorer >

RobotControlSettin v
bJl Configurations and Setup

Setf gs

L d Programming

4 Click the @ icon to the left of R1Cobra600.
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Multiview Explorer >

RobotControlSettin
bJl Configurations and Setup

ANTRD gs

w

+ R1Cobrab00
L Programming

Setting items are displayed under R1Cobra600 in the tree.
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Multiview Explorer ~ 1

RobotControlSettin v
LJ Configurations and Setup

~ettings

4 Programming

5 Double-click 10 EndEffector0.

Multiview Explorer ~ I

RobotControlSettin v
b Configurations and Setup

Programming

The 10 EndEffector0 dialog box is displayed.
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B Sustic PSP Sampte 0.3 - RoborContratSettings - Sysmac Studio [5abit) [_} o *

6 Set the length of the tool in the Z direction of the Tip Offset.
In this example, enter the value as an example that the tool length is 50mm.
Set Tip Radius, as required.

B Static PED Sacnple o1 - RabetContralSettings - Sysmas Studia (6Bt L o X

The end-effector of the set size is displayed on the 3D Visualizer.
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I Activating Collision Detection Function

The collision detection function detects the contacts in simulation that may occur between the robot
and other 3D shape data, such as objects imported as 3D CAD data. If the robot may contact with
other 3D shape data, you need to change the layout of the robot or the 3D shape data, or modify the
movement of the robot.

In this section, the setting procedure to detect a contact between the robot, Conveyor A and Conveyor
B is given. Because the collision detection function checks whether 3D shape data may conflict be-
tween groups, you create two groups; Group 0, which includes the robot, and Group 1, which includes
Conveyor A and Conveyor B.

m Precautions for Correct Use

In this guide, the target of collision detection is the robot. When the 3D shape data is placed at
the tool center point, collision detection of that 3D shape data is also required. For the operation
procedure for the 3D shape data placed at the tool center point, refer to the Sysmac Studio 3D
Simulation Function Operation Manual (Cat. No. W618).

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

| Multiview Explorer Alt+1
Project Shortcut View Alt+Shift+1
Toolbox Alt+2

'____ 'Sg't_ﬁ-!-l hh = e
Event Loy

The 3D Visualizer is displayed on the right side of the main window.
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3-54

2

[ 5estic PP Sample 0.3 - AppcaticnMamagert - Syema: Studic |Gt

In the 3D Visualizer, click the Scene Graph icon.

I:‘ Scene Graph

W Ruler
Tiles
= B ApplicationManager)
&= K CAD Datal
Object Visibility
= i CAD Datal
Object Visibility
=l RobotControlSettings
=l R1Cobrab00
Object Visibility
Il Work Vol
= £ 10 EndEffector

Object Visibility

Selection [Q)
Name:
Description:
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3 Click the Collision Filter tab.

Scene Graph - m} x

Obiject Visibility
CAD Datal

10 EndEffector)
Object Visibility
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Selection (Q)

w

Description:

Accept Cancel Close

4 Click the + button in the Collision Filter Group Items column for the Collision Filter Group.

B scene Graph - o rd
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'm collection

Accept Cancel Close

A new row with the Collision Filter Group Name set as Group0 is added on the Scene
Graph dialog box.

B scene Graph = O X

ection group items and then s

Collision Filter Group Items | Falling |Reset fallin{

il 1-item collection +
1-item collection +

—  E

Accept Cancel

5 Repeat step 4 above.
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A new row with the Collision Filter Group Name set as Group1 is added on the Scene
Graph dialog box.

B scene Graph - O ®

that if

Valid | Collision Filter Group Name | G
Colﬁﬂmﬂbzrﬁm
4 Group0 -

1-item collection -

— ®E
—  E

Accept Cancel

6 Click the ... button in the Collision Filter Group Items column for GroupO - [0].

B scene Graph - O b4

e th.

Valid

4 Group0
(0]

4 Groupl
[0]

Accept Cancel

3-56 NJ-series Robot Integrated System Startup Guide (0049)



3 Implementation Example of Static Pick-and-place Equipment

7 Select new_Controller_0 - RobotControlSettings - Robots - R1Cobra600 - Entire Robot in
the tree, and then click the Select button.

Select a collision filter group item X

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. R1Cobra600, Entire Robot is registered as the Collision Filter Group Items
for Group0 - [0].

Scene Graph - O x

ejeq adeys qg buoeld g-¢-¢

ision filter groups.
: between the 3D shapes in the same gro

included in the o

ion Filter Group Name
ision Filter Group 2-item collection

4 Group0 -item rollactinn
(B
4 Groupl
[0]

Accept Cancel

8 Click the + button in the Collision Filter Group Items column for Group 0.
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Scene Graph = ] X

Collision Filter Group 2-item collection
4 Groupl 1-item collection (+ ’

o | R1Cobra600, Entire Robor i

+
[01 =

Accept Cancel

A new row [1] is added under Group 0.

Scene Graph = O X

p will not b
dete: N s and then
ill be detected.

Accept Cancel

9 Click the ... button in the Collision Filter Group Items column for Group 0 - [1].
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[ scene Graph — O =
pl

p will not be detected.
n detec up

4 Groupl

[0]
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Accept Cancel Close
@
. . . . . . . w
The Select a collision filter group item dialog box is displayed. &
T
g
Select a collision filter group item x g
w
w]
[©2]
>
)
e
0]
|w)
oY)
)

10 Select new_Controller_0 - RobotControlSettings - Robots - R1Cobra 600 - 10
EndEffector0 in the tree, and then click the Select button.
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Select a collision filter group item *

Cancel

The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. 10 EndEffector0(R1Cobra600) is registered as the Collision Filter Group
Items for GroupO - [1].

Scene Graph = [m| s

on Filter Group Name
Collision Filter Group 2-item collection

4 Groupl 2-item collection
[0]
m

4 Groupl

[0

Accept Cancel Close

11 Click the ... button in the Collision Filter Group Items column whose Collision Filter Group
Name is Group1 - [0].
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| Scene Graph = O =
pl

collision filter groups
between the 3D sha

ion Filter Group Name
on Filter Group 2-item collection

GroupQ 2-item collection
[0 R1Cobrat00, Entire Robot
n
Groupl

[0]
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3
Accept Cancel Close

@
The Select a collision filter group item dialog box is displayed. &
o
Y
Q.
12 Select ApplicationManager0 - 3D Visualization - CAD Data0 from the tree, and then click the 3
Select button. 5
g
Select a collision filter group item X 8
|w)
&)_
Q

Cancel

The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. CAD Data0 is registered to the Collision Filter Group Items column for
Group1 - [0].
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Scene Graph = O X

e detec

sion Filter Group Name ( Falling

ion Filter Group 2-item collection

2-item collection
R1Cobrat00, Entire Robot
10 EndEffector( (R1CobraB00) 88

4 Groupl 1-#t= —allection

Accept Cancel Close

13 Click the + button in the Collision Filter Group Items column for Group1.

Scene Graph = O bt

Collision Filter Group 2-item collection

4 Group0 2-item collection
[0] R1Cobra600, Entire Robot
1 10 EndEffector0 (R1CobraG00) [

4 Groupl 1-item collection

o CAD Datad

Accept Cancel

A new row for [1] is added under Group1.
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Scene Graph

Collision Filter Group
4 Groupd
[0]
[11
4 Groupl

2-item collection

2-item collection

R1Cobrat00, Entire Robot

10 EndEffectord (R1Cobra600)

| 2-item collection

CAD Datal

=
7]
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14 Follow the step 11 to 12 to register CAD Data1 for Group1 - [1].
CAD Data1 is registered to the Collision Filter Group Items column for Group1 - [1].

Scene Graph

n filter grou
between f
that if you hide an obj
en unchecked the Vis

Valid | C
Collision Filter Group
4 Group0
[0]
0

4 Groupl
[0]
n

2-item collection

2-item collection

R1Cobra600, Entire Robot

10 EndEffector( (R1Cobrab00) s

2-item collection

CAD Datal

15 Check that the Valid check boxes are all selected. If there is a check box not selected, click it

to select.
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Scene Graph

|

When unch
Valid | C
Col

ision Filter Group Name
n Filter Group

4 Group0
[0]
|

4 Groupl
[0]
(U8

1 6 Click the Accept button.

2-item collection

2-item collection

R1Cobrat00, Entire Robot

||
]

IC EndEffector( (R1CobraG00) 8

2-item collection

Accept Cancel Close

A collision filter configuration is saved.

1 7Click the Close button in the Scene Graph dialog box.

Scene Graph

4 Groupl
[0]
0]

4 Groupl
[0]
(LS

2-item collection

2-item collection

R1Cobrat00, Entire Robot

IC EndEffector( (R1Cobrab00) 8

2-item collection

Accept Cancel

The Scene Graph dialog box is closed.

Now, the settings for checking the conflict between the robot, Conveyor A, and Conveyor B have been
completed.
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3-3-6  Starting Simulation

I Enabling Robot Simulation Function

Enable the simulation function of the Sysmac Studio.
To simulate the operation of the robot, open the project file in EMULATION mode.

If you want to know whether the project file opened on the Sysmac Studio is in EMULATION mode or
not, check the status bar on the main window. When you see [Emulation Mode] Access Level:
Engineer on the status bar, the project is opened in EMULATION mode.

Mew Project - ApplicationManager0 - Sysmac Studio (84bit) — O *
] PP! g !

Toolbox it w B

<Search> ¥

Ot in Emulation Mode

Level: Engineer

If the project is opened in a different mode, click the Enable emulation mode icon on the toolbar to
change to EMULATION mode.

rpselises(@h

1 In the Multiview Explorer, select new_Controller_0 from the device list.

2 Select Run from the Simulation menu.
The screen below is displayed while the simulator is starting.
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After this screen is closed, the lower part of the toolbar in the main window turns yellow-green.

. File  Edit View Insert Project Controller S

3-3-7  Teaching Positions

This section describes the procedure to use the simulation function of the Sysmac Studio for teaching
the positions.

The target of teaching in this equipment model is the wait position of the robot and the pick-up and
place positions of the workpiece.

Workpiece place position

©)

Conveyor B: static state

P
b

Wor/kpi'ece pick-up position

Old (©

Conveyor A: static state

You can operate the robot during the simulation in either of the following two ways. Select one of the
following depending on the positioning accuracy required for operation and movement.

» Manipulate the tool center point of the robot with the mouse in the 3D Visualizer

* Manipulate each axis of the robot in V+ Jog Control pane

@ Additional Information

» To move the robot to its approximate position, it is convenient to use the mouse and move the
tool center point of the robot on the 3D Visualizer.

» To move the robot precisely to its correct position, manipulate each axis of the robot in the V+
Jog Control pane
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- RobotControlSettings

Current Tool Transformation

0.000 0.000 0.000 0.000 0.000 0.000

Current Position
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3

When teaching positions to the robot, you must store the position data of the robot in the V+ position z

variables. Here, create the following position variables. g

oY)

Q

Corresponding IEC =

Variable name Data type Application i . 9 a

variable 3

gl.pick Location Has the data of workpiece pick-up position. elLoc_pick %’

gl.place Location Has the data of workpiece place position. eLoc_place 3
gl.wait Location Has the data of robot wait position. eLoc_wait

I Manipulating the Robot with the Mouse in the 3D Visualizer

This section describes the procedure to manipulate the tool center point of the robot with the mouse in
the 3D Visualizer. This operation is suitable for determining rough position and posture, because the
tool center point of the robot moves to follow the mouse cursor, enabling intuitive robotic operation.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

B Multiview Explorer Alts1
Project Shortcut View AltsShifte1

Toolbox Alt+2

Event Loy

The 3D Visualizer is displayed on the right side of the main window.
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Seatic PAP Sample 0.3 - Applic; - ypras Studic | Gabit) (=]
IC e

2 Move the mouse cursor to the tool center point of the robot and click on it.

The outline of the robot is highlighted with black lines.
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3 Drag the mouse cursor.
The tool center point moves to follow the mouse cursor.

suonisod buiyoes) /-¢-¢

4 Move the tool center point to the position where it overlaps the conveyor, which is the position
you specify.
The collision detection function set in Activating Collision Detection Function on page 3-53 de-
tects a collision between the end-effector and the conveyor, and the color of them changes to

gray.

NJ-series Robot Integrated System Startup Guide (0049) 3-69



3 Implementation Example of Static Pick-and-place Equipment

3D Visualizer

Or$Q et

5 Drop with the mouse immediately after the color of the end-effector and the conveyor changes

to gray.
The robot will stop at the drop position.

The robot position is now determined. If you set the current position as the picking or placing position
of the robot, proceed to Saving Current Positions to Variables on page 3-74. If you need to specify a
more precise position or want to specify a position along the axis of the robot coordinate system or

each joint axis, proceed to Manipulating the Robot in the V+ Jog Control Pane on page 3-70 for the

next step.

I Manipulating the Robot in the V+ Jog Control Pane

This section describes the procedure to manipulate the robot in V+ Jog Control pane. Use this proce-

dure to move the robot along the coordinate system or each joint axis of the robot.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

b Muttiview Explorer Alts+1
Project Shortcut View Alt+Shift+1

Toolbox Alt+2

Event Loy

The 3D Visualizer is displayed on the right side of the main window.
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3 Select V+ Jog Control from the View menu on the main window.

Multiview Explorer Alts1

Project Shortcut View Alt+Shift+1 ‘
Toolbox Alt+2 ‘
3D Visualizer Alt+Shift+2
Output Tab Page Alt+3

Watch Tab Page Alt+d

Watch Tab Page(Table) Alt+Shift+4
Cross Reference Tab Page Alt+5

Build Tab Page Alt+6

Event Log

Search and Replace Results Tab Page  Alt+7

Differential Monitor Alt+9
Smart Project Search Ctrl+Shift+F
Recently Closed Windows Ctrl+Shift+H

Clear Recently Closed Windows History

Vision Window Alt+Shift+V

The V+ Jog Control pane appears on the right side of the main window.
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4 From the drop-down list of Jog Control on V+ Jog Control pane, select the coordinate system
of World, Joint, or Tool.
When World is selected, positions of the robot can be specified in the robot coordinate system,
and when Joint is selected, the position can be set in the coordinate system of the joint. Select
Tool for specifying the position in the coordinate system of the tool center point.
In this example, select World.

5 Click one of the lamps of Jog Control in the V+ Jog Control pane.
The lamp clicked turns green. The robot can be moved along the coordinate axis of the illumi-
nated lamp.
Select the Z lamp in this example.
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Cobra 6000 - RobotControlSettings

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

3
@
&
6 Press and hold the arrow button labeled H or = of Jog Control in the V+ Jog Control pane. 2
[0
oY)
The labels H and = on the arrow buttons represent positive or negative directions on the ;-*3
«Q
specified coordinate system. For example, the arrow in the figure below indicates positive di- 3
rection in the robot coordinate system. %
>
(2]

Current Tool Transformation

0.000 0.0:00 0.000 0.000 0.000 0.000

While the arrow button is kept pressed, the robot moves along the specified axis of the coordi-
nate system.
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{ V+ Jog Control

R1 Cobra600

nsformation

BBOBOMDOUOOOOMBDOGG{BO

Current Position

—Jog Control

7 Take step 4 to 6 again to move the robot to the position and posture you want to specify.

Now the robot position has been configured.

I Saving Current Positions to Variables

The current positions of the robot set by teaching must be saved in the V+ variables.
The procedure to save the current position of the robot to the already created V+ variable is described

below.
V+ position variables that need to be saved are listed in the table below.

Name of position Description
(Name of variable)

gl.wait Robot wait position

gl.pick Workpiece pick-up position
gl.place Workpiece place position

Save a current position to the variable gl.wait as an example. Save current positions to two other vari-
ables in the same manner.
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1 Click Location in the V+ Jog Control pane.

00 0.000 0.000 0.000 0.000 0.000

~ Current Position -

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

The field to set the position variable is displayed.

suonisod Buiyoes] J-g-¢

Cobra 6000 - RobotControlSettings

on

0.000 0.000 0.000 0.000 0.000 0.000

Increment

P —

RY Theta

2 Selects a variable that you want to set the current position or an element of the array variable
from the drop-down list.
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3-76

Cobra 6000 -

RobotControlSettings

- RobotControlsettings

mation

000 0.000 0.000 0.000

Select the variable gl.wait.

3 Click the Here button of Location in the V+ Jog Control pane.
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0.000 0.000 0.000 0.000 0.000 0.000

Now you have registered the current position of the robot to the V+ variable.

@ Additional Information

When the sequence control program controls the robot operation, the variable copy program
"loccopy" copies the position variables of the V+ program to the shared variables of the se-
quence control program.

3-3-8  Setting up Automatic Loading of V+ Programs and Variables at
Power ON

The V+ programs that you created and V+ global variables are not automatically loaded to the Robot
Integrated CPU Unit by default settings of the project when power to the Robot Integrated CPU Unit is
turned ON.
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This section describes the setting procedure for automatically loading the V+ programs and V+ global
variables to the Robot Integrated CPU Unit when its power is turned ON.
If you want to control the operation with the sequence control program, step 4 to 6 are unnecessary.

1 Select RobotControlSettings from the device list in the Multiview Explorer.

RobotControlSettings

| RobotControlSettings

ApplicationManager0

The Save Configuration tab page is displayed in the Edit Pane.
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New Project - RobotControlSettings - Sysmac Studio (64bit) = O X

=| Toolbox

_< Search> v

Save Location

Simulation -

ne Slcwap(

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

Save To (B

w

Iacation

[Emulation Mode!

When the V+ programs are used to control the operation, proceed to step 4.
If the system is controlled by the sequence control program, proceed to step 7.

4 Make sure that supervisor is not selected for Program to Execute and click the button on the
right.

Program to Execute

The Select the startup program dialog box appears.

5 Select supervisor under supervisor and click the Select button.

Select the startup program = O X

PROGRAM supervisor()
' : ABSTRACT:
 INPUTS:

- QUTPUTS:

- SIDE EFFECTS:

NO Jamod 1e ssjqeliep pue swelboid +/ Jo Buipeo onewolny dn Bumes g-¢-¢

: DATA STRUCT:

; MISC: Program created in version 1.44.0.64012

o . Y. V. R )

6 Enter 0 to Task Number.
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rograms and Variables on Controller {DISK

W Save Variables by Category

Module Name Save Location

loccopy

Program to Execute

Task Number

| W Save Belt Calibrations

Save To Controller Generate Auto Module

7 Click the Generate Auto Module button in the Save Configuration tab page.

grams and Vanables on Controller {DISK
Save Variables gory

Module Name Save Location Select

loccopy

Program to Execute

Task Number

| M Save Belt Calibrations

Save To Controller

The module name auto is added to the module list in the Save Configuration tab page. In the
tree of the Multiview Explorer, V+ Modules - auto are added under Programming.

| B tew Prcyect - RobotContralSettmgs - Syiemac Shudss (Gitst) - o %

<Semchi v

8 Select Save from the File menu.
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_File Edit View Insert Contra
Close
Save As..
Save As New Number...

The Robot Integrated CPU Unit is now configured to automatically load the V+ programs and V+ glob-
al variables when it is powered ON. The program auto starts automatically when the Robot Integrated
CPU Unit is powered ON and reads the saved V+ programs and V+ global variables.

The program auto is created in a form called command program, which is different from the V+ pro-
gram. For details about the command program, refer to the eV+3 User's Manual (Cat. No. 1651).

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

3-3-9  Running the Program and Checking Operation

This section describes the procedure to run and simulate the sequence control program created in
3-3-3 Creating a Sequence Control Program on page 3-22.

You can run the program by changing the global variable gStart in the sequence control program from
FALSE to TRUE in the Watch Tab Page.

The V+ program is called from the sequence control program executed in this procedure.

M Precautions for Correct Use

When you perform this procedure, check that the project file has been opened in EMULATION
mode. Refer to Enabling Robot Simulation Function on page 3-65 for the checking procedure.

@ Additional Information

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) and Sysmac Studio
Robot Integrated System Building Function with Robot Integrated CPU Unit Operation Manual
(Cat. No. W595) for details on the debugging function of the program.

uonesadQ Buposy) pue weibold ayy Buiuuny g-g-¢

When you control the operation with the V+ programs, start from step1.
To control the operation with the sequence control programs, start with step 3.

1 Select RobotControlSettings from the device list in the Multiview Explorer.

2 On the Multiview Explorer, select Programming — V+ Modules — supervisor - supervisor
and right-click on it, and then select Execute on Task — Task 0.
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Static P&P Sample_0 4 - RobotControlSettings - Sysmac Stud

Edit
Add Pro
A Fitter
Project Shortcut Viev
| |

Task Manager
10 3 = Undock
V+ File Browser

Virtual Front Panel

El *@ Task 0: supervisor at step 18, stack 0.0 KB |
< 13k I;
2 Task 2:
2 Task 3:
o Task 4:

3

In the Multiview Explorer, select new_Controller_0 from the device list.

new_Controller 0 v

Multiview Explorer Alt+1
Project Shortcut View Alt=5hift+1
Toolbox Alte2

Event Loy
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The 3D Visualizer is displayed on the right side of the main window.

sainpasoid uonenwig pue Bulwweibo.id ¢-¢

w

Multview Explorer Alt+1

Project Shortout View Alt+Shift+1
Toolbox Alt+2
3D Visualizer Alt+5hift+2

Alts3

Qutput Tab Pana

Watch Tab Pageyiaoie) Alt+Shift+4

The Watch (Project)1 tab page appears at the bottom of the main window.

[ Wew Project - new_Controller 0 - Sysmac Studio (64bit)

[T ——

-7
Controller 0 | ] ‘
|ApplicationManager0

uonesadQ Buposy) pue weibold ayy Buiuuny g-g-¢

Comment

5] pulation -1

Speed
Slow & Normal

6 Type gStart in the Name column on the Watch (Project)1 tab page.
The Online value column displays the current value of False for the internal variable gStart in

Program0.

Device na ue | Modify J Comment I D

me |
[ new Controller 0 GGlgStare_> JIN | TRUE' FALSE
|
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7 Click the TRUE button in the Modify column for the variable gStart in the Watch (Project)1
tab page.

The robot moves to workpiece
~ | pick-up position and pauses.

After that, the robot restarts operation from the workpiece pick-up position, moves to the robot
wait position via the workpiece place position, and stops.

The robot moves to the workpiece pickpup position and puauses.
| After that, it moves to the robot wait position and stops.

During operation, check that the robot does not turn gray in locations other than the workpiece
pick-up position and workpiece place position. If the color changes to gray, the robot and the
conveyor are interfering with each other. In that case, refer to Manipulating the Robot in the V+
Jog Control Pane on page 3-70 and move the workpiece pick-up approach point or the work-
piece place approach point to a higher position by teaching.
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When the highlight color of the robot and end-effector changes to gray during the
transportation, the robot or end-effector is in contact with the conveyor.
Modify the ascending and descending distance.

Sainpasoid uonejnwig pue Bujwweiboid g-¢

Now you finished checking operation of the sequence control program and V+ programs.

3
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3-4

Installing and Wiring the System

3-4-1

3-86

In the system configuration, you must wire the signal lines covered in the colored areas in the figure
below and set the node address of the robot.

100 to 240 VAC - !

85 to 264VAC, 6.5A df

Single phase, AC200 to 240VXC, 10A (N)

Wiring between the Robot Integrated CPU Unit (A) and the EtherCAT Digital 1/0 Terminal (F)
Wiring between the EtherCAT Digital I1/0 Terminal (F) and the robot (C)

Wiring between the Robot Integrated CPU Unit (A) and the computer (E)

Wiring between the robot (C) and the T20 pendant (1)

Wiring between the robot (C) and the front panel (K)

Wiring between the EtherCAT Digital I1/0 Terminal (F) and the solenoid valve (Q)

B) (A) (B) (G)

(F)

—

il
=

q

Refer to 1-3 System Configuration for Static Pick-and-place Equipment on page 1-4 for information on
the parts used in the system configuration.

Refer to the manual for the specific product for details on power lines not covered in the colored area
as well as for ducting from the robot.

Wiring the Robot Integrated CPU Unit and the EtherCAT Digital
I/0 Terminal

You must wire the Robot Integrated CPU Unit and the EtherCAT Digital 1/0 Terminal.

1 Connect the EtherCAT port of the Robot Integrated CPU Unit and the EtherCAT IN port of the
EtherCAT Digital I/O Terminal with an Ethernet cable.
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3-4-2  Setting the Node Address of the EtherCAT Digital /O Terminal

You must set the EtherCAT node address of the EtherCAT Digital /0 Terminal.

1 Use the switches on the EtherCAT Digital I1/0 Terminal to set the EtherCAT node address.
To set the node address to 1, set the x10 switch to 0 and the x1 switch to 1.

4 N\
N 3 0 ;7 5 0 ;
2 (@) ) (2
PR — Y ! w
N I:::::| I.IAIN 9 G 3 9 g
" | |— Node address setting (x1)
o T Node address setting (x10)
I:C:| :D N g 7
ool
UNITPS
W 6 Vv B‘CPZ‘}.IY

[eulwia). O/ 1eNBIQ 1vDJ8yig 83 JOo SSaIppy SpoN 8y} Bumes z-#-¢

Precautions for Correct Use

L]

Set the EtherCAT node address of the EtherCAT Digital I/O Terminal to be the same as the
node address set in 3-3-2 Creating the EtherCAT Network Configuration on page 3-20.

3-4-3  Wiring the EtherCAT Digital /0 Terminal and the Robot

You must wire the EtherCAT Digital /0 Terminal and the robot.

1 Connect the EtherCAT OUT port of the EtherCAT Digital I1/0O Terminal and the EtherCAT IN port
on the interface panel of the robot with an Ethernet cable.
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M Precautions for Correct Use

Refer to the NJ/NX-series CPU Unit Built-in EtherCAT Port User’s Manual (Cat. No. W505) for
details on the Ethernet cable to be used.

3-4-4  Setting the EtherCAT Node Address of the Robot
You must set the EtherCAT node address of the robot.
1 Use the switches on the interface panel of the robot to set the EtherCAT node address.

To set the node address to 2, set the x256 switch to OFF, the x16 switch to 0, and the x1 switch
to 2.

M Precautions for Correct Use

Set the EtherCAT node address of the robot to be the same as the node address set in
3-3-2 Creating the EtherCAT Network Configuration on page 3-20.

Refer to the manual for your robot on how to set the node address.

3-4-5  Wiring the Robot Integrated CPU Unit and the Computer

You must wire the Robot Integrated CPU Unit and the computer.

1 Connect the built-in EtherNet/IP port of the Robot Integrated CPU Unit and the computer with
an Ethernet cable.
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|
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3-4-6  Wiring the Robot, T20 Pendant and the Front Panel

waysAs ayj Bunip pue Buljeisuj p-¢

You must wire the robot and the T20 pendant, as well as the robot and the front panel. Use an XSYS-
TEM cable assembly, a T20 adapter cable, and a front panel cable for wiring.

w

1 Connect the robot and the XSYSTEM cable assembly.

[oued JUOJ4 BY) pUE JUBPUSY 0Z.L 1090y dU} BULIA 9-7-€

3 Connect the T20 adapter cable to the T20 pendant.
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3-4-7  Wiring the EtherCAT Digital /0 Terminal and Solenoid Valve

You must wire the EtherCAT Digital I1/0 Terminal and the solenoid valve.

Refer to the manuals for the EtherCAT Digital /0O Terminal and the solenoid valve for details on the
cable wiring, and make the cable appropriately in accordance with the wiring diagrams and specifica-
tions.

1 Make the cable so that the solenoid valve will behave as shown in the table below.

Output value of Digital I/O Terminal | Solenoid valve behavior
FALSE Duct is closed
TRUE Duct is open

2 Wire the EtherCAT Digital I/O Terminal and the solenoid valve.
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3-5 Setup Procedure for Actual System

This section describes the procedures for checking operation and adjusting the system on the actual

system.
Check operation with the simulation function before you check operation on the actual system.

M Precautions for Correct Use

When you operate the robot in MANUAL mode with the T20 pendant, you must plug the iCS
Commissioning Jumper into the XBELTIO connector and change the setting for the Teach Re-
strict. Refer to the eCobra 600 and 800 Robot with EtherCAT User’s Guide (Cat. No. 1653) for

details.

3-5-1  Connecting Online

The computer and the Robot Integrated CPU Unit are connected online.

1 Turn ON the power supplies to the Robot Integrated CPU Unit and the robot.

2 Click new_Controller_0 from the device list in the Multiview Explorer of the Sysmac Studio.

‘ Change Lwevice

The Communications Setup dialog box is displayed.

Communications Setup

¥ Connection type
Select a method to connect with the Controller to use every time you go online.

connection via USB
ia a hub
ese options at every online connection.
ia USB
e via Ethernet
| n via USB

M Ethemnet connection via a hub

¥ Remote IP Address

Specify the remote IP address.
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4 Click the Direct connection via Ethernet from the Communication type, and then click the OK
button.

Communications Setup - O x

¥ Connection type

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

et conl a hub
@ Select one method from these options at every online connection.
M Direct connection via USB
M Direct connection via Ethernet
M Remot n via USB
M Ethernet ¢ ection via a hub

wo)sAg [en}oy 1o} ainpadold dnjesg G-¢

3

¥ Remote IP Address

Specify the remote P address.

The Communications Setup dialog box is closed.

5 Click the Disable emulation mode icon in the toolbar.

The confirmation dialog box for Disable emulation mode is displayed.

auluQ Bunosuuo) |-g-¢

New Project

Do you wish to close the project to switch to Hardware Mode (non-Emulation)?

6 Click the OK button.
The main window is displayed again after the Sysmac Studio returns to the menu screen.

7 Select Controller - Online from the menu bar.

Il Communications Setup...

Change Device

M Precautions for Correct Use

Depending on the status of the connected Robot Integrated CPU Unit, the dialog box for writing
the CPU Unit name or checking the serial ID is displayed. Refer to the Sysmac Studio Version 1
Operation Manual (Cat. No. W504) for details.

When it is online, the yellow line is displayed on the top of the edit pane.
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3-5-2  Transferring Settings and Programs

The settings and programs in the project file are transferred from the Sysmac Studio to the Robot Inte-
grated CPU Unit.

1 Select Controler - Synchronize from the menu bar on the Sysmac Studio.

Offline Ctrl+Shift+W

Enable emulation mode

The comparison of the user program and parameter settings between the Sysmac Studio and
the Controller is started.

When the comparison is completed, the Synchronization dialog box is displayed.

] Synchronization o X

er: Data Name Cc : Up ate | Controller: Update Date r: Data Name Compare

e-transferred when this option is changed.

kup parameters
ion data.

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

Transfer To Controller ' Transfer From Controller
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2 Click the Transfer to Controller button.

= Synchronization a X

uter: Data Name k ate n Data Name Compare

wo)sAg [en}oy 1o} ainpadold dnjesg G-¢

option is d

w

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

Transfer From Controller

3 Confirm that "The Synchronization process successfully finished." is diaplayed, and then click
the Close button.

swelboid pue sbuiag Bulsjsuel] z-G-¢

B synchronization a 5

Controller: Data Name

2020/06/2919:21:27 Ni501

4 Confirm that the Robot Integrated CPU Unit is turned ON normally.
The status of indicators for normal operation is given below.

Indicators Status

RUN indicator Lit green
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Indicators Status
ERROR indicator Not lit
NET RUN Lit green
NET ERR Not lit
LINK/ACT Flashing
A8 =

ME mRon
..... 1J501-1500

ssssss

]

Built-in EtherCAT port

5 Confirm that the robot is turned ON normally.
The status of indicators for normal operation is given below.

Indicators Status
RUN indicator Lit green
ERR indicator Not lit

3-5-3  Teaching

3-96

A robot is operated actually to check and correct teaching data.

Move the robot to the teaching position set in the simulation operation actually, and adjust the position
if necessary. The teaching position data is saved in the SD Memory Card so that the data is retained
after the power supply to the Robot Integrated CPU Unit is turned OFF.

The T20 pendant is used for teaching. Refer to the Teaching Pendant T20 User’s Manual (Cat. No.
1601) for information on the specifications of the T20 pendant.

Place a workpiece where you plan to pick it up before performing the teaching operation.

I Turning Robot High Power ON

The robot high power is turned ON.

1 Change the operating mode switch on the front panel to Manual Mode.
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Manual Mode Auto Mode
\. I d (I,)
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7 z
Operating mode switch g
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2 Press the enable switch on the T20 pendant to Position 2 (half-way).

w
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The Robot Power button on the front panel flashes.

4 Press the Robot Power button on the front panel.
The robot high power is turned ON and the Robot Power button is lit.

If you release the enable switch (Position 1) or press the enable switch further from Position 2 (half-
way) to Position 3, the robot high power will be turned OFF.
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M Precautions for Correct Use

If it is necessary to move the robot, follow the procedure above to turn ON the high power.

I Adjusting Teaching Position in Simulation Operation

The teaching position that is set in setup procedure with the simulation operation is adjusted to match
the actual place position. The robot actually moves to the teaching position set in the simulation opera-
tion, and correct the position if there are differences between teaching position and expected position.
Use the following procedure to adjust position according to the travel route of the robot. You must ad-
just the wait position and approach position more than once.

(5::::;: :::::) Description Order of adjustment
gl.wait Robot wait position 1,4

gl.pick Workpiece pick-up position | 2

gl.place Workpiece place position 3

M Precautions for Correct Use

Perform the adjustment in the above order in the table. If the adjustment is performed in differ-
ent order, the robot may move to the unintended travel route and contact to the equipments
such as a conveyor, and then the devices may be damaged.

1 Confirm that the T20 pendant displays the HOME1 screen.

[ Disp J Loc _J 1/0 JNext >]

2 Press the F4 button (Next>) twice.
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The HOMES3 screen is displayed.

Buiyoes] ¢-G-¢

[ Maint

3 Press the F1 button (Maint).

The SYSTEM MAINTENANCE screen is displayed.

NJ-series Robot Integrated System Startup Guide (0049) 3-99



3 Implementation Example of Static Pick-and-place Equipment

 info Y Eros Jopdare

4 Press the up or down arrow button to select Approach Dist field.

3
6'
]
o |
9]
=

5 Press the OK button.
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6 Press the up or down arrow button to change the value of Approach Dist field. You can select
the height to rise and fall in the range of 1 to 200 mm.

Buiyoes] ¢-G-¢

Assume that the value of height to rise and fall is 40 in this step.

40
[ Info l Errors JUpdatel

7 Press the OK button.
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()

8 Press the MENU button to back to HOME1 screen.

9 Press the F2 button (Loc).

The AVAILABLE LOCATIONS screen is displayed.
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J0G MODE: JOINT "

10 On the AVAILABLE LOCATIONS screen, use the arrow buttons to select the teaching position
from the list of locations.

wo)sAg [en}oy 1o} ainpadold dnjesg G-¢

w

fl Teach J New Whext >]

Buiyoes] ¢-G-¢

11 Press the F4 button (Next>).

The display for the soft keys changes on the bottom of the screen.

[ JogTo i Appro JERIGRR N Next >

12 If the variable selected in step 10 is gl.pick or gl.place, press and hold the F2 button (Appro).
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The robot moves linearly to the top of the selected position.

13 Press and hold the F1 button (JogTo).

The robot moves linearly to the selected position.
14 When the robot moves to the selected position, release the F1 button (JogTo).
If there is no problem with the position and posture after the move, proceed to step 20. If you

adjust the position and posture, perform step 15 and later.

15 Press the F4 button (Next>) and then F2 button (Teach).
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The TEACH screen for the selected location is displayed.

w

&

o X [ yaw 5

357.103 0.000 2

P ————— Q

Y pitch =

. 9.757 180.000 “
{ [ z l roll

231.919 10.649

£

16 Press the Jog Mode button until the desired mode is displayed in the Jog Mode Indicator area.
Assumes that the adjustment of the position in World Mode is performed in this step, and press
the button until WORLD is displayed.

SPEED.S0%

ROBOT: 1

1 7Press the JOINT/AXIS CONTROL button to move the robot to the desired position and pos-
ture.
The following table shows the relationship between coordinate axes in World Mode and JOINT/
AXIS CONTROL button.

Letter Description JOINT/AXIS CONTROL button
A +X (X direction) X

B +Y (Y direction) Y

C +Z (Z direction) 4

D +RZ, CCW (RZ rotation) | RZ
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©

18 Press the OK button.

The value of position is updated to the current robot position.

o]
]
o B
O
=
w
‘=)
9]
=
vl
9]
al

19 Press the F2 (Loc) button and then F4 button (Next>).
The AVAILABLE LOCATIONS screen is displayed again.
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The robot moves linearly to the top of the selected position.

21 If there are still positions left to adjust, return to step 10.

I Saving Teaching Position to the SD Memory Card

Save the teaching position data to the SD Memory Card so that it is retained even after the power sup-
ply to the Robot Integrated CPU Unit is turned OFF.

The procedure varies depending on the version of Sysmac Studio. Please check the version of Sys-
mac Studio and then perform the following steps.

m Precautions for Correct Use

If the power supply to the Robot Integrated CPU Unit is turned OFF without saving the position
data to the SD Memory Card, the adjusted position data will be lost and the robot may operate
unintentionally the next time the CPU Unit is started. If you have performed teaching using the
robot and the CPU Unit, perform the following steps.

® Sysmac Studio Ver.1.54 or higher

1 Click RobotControlSettings from the device list in the Multiview Explorer of the Sysmac Stu-
dio.
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2 In the Multiview Explorer , select Programming — V+ Modules — Variables.

Multiview Explorer - 1

RobotControlSettin v

bJ Configurations and Setup

troller Se

! s
b Programming
¥ & V+ Modules

3 Click the From Controller button in the Variables tab page.

The variable values of the conned
For an unexisting variable in the 4

r Initial Value

To Controller

5 Select Configurations and Setup - Save Configuration in the Multiview Explorer.
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7] Save Programs and Vanable
e Vanable: 3
Module Name

@
o
w
3
oY)
S

ask Number 5
«Q

®] Save Belt Calibrations

Save As..
Save As New Number...

® Sysmac Studio Ver.1.53 or lower

1 Click RobotControlSettings from the device list in the Multiview Explorer of the Sysmac Stu-
dio.

RobotControlSettings
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3 Select Configurations and Setup - Save Configuration in the Multiview Explorer.

7] Save Programs and Variables on Controller (DISK>

Save Location

Task Number

"] Save Belt Calibrations

5 Click File - Save from the menu bar.

Save As...
Save As New Number..

3-5-4  Executing Program to Check Operation

The robot operation before the automatic operation is checked according to the program.

1 Change the operating mode switch on the front panel to Auto Mode.
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Manual Mode Auto Mode
\. ’ (:g
a
ﬂ E-STOP ”
o
[=
o
o @ ?
[2]
MODE ROBOT 2
SELECTION POWER £
o
omRron 3
7 z
Operating mode switch g
»
i
1]
3

2 Press the Robot Power button on the front panel.

E-STOP

VH@

O@

MODE ROBOT
SELECTION ~ POWER
OMmROoN

ROBOT POWER button

The Robot Power button flashes. Press the Robot Power button again. Then, the Robot Power
button lights up and the robot high power turns ON.

uonesadQ oay) 0} weibold Buinosxy 4-G-¢

E-STOP

VH@

@@

MODE ROBOT
SELECTION POWER

omRronN

ROBOT POWER button

3 Select View - Watch Tab Page from the menu bar in the main window of the Sysmac Studio
on the computer.

View Insert Project Controller Simulation Tools

Multiview Explorer Alt+1
Project Shorteut View Alt+5hift+1
Toolbox Alt+2
3D Visualizer Alt+Shift+2
Crutrut T=h Dane Alt+3

Watch Tab Page(Table) Alt+Shift+4

The Watch tab page is displayed under the main window.
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Watch (Project)1
Device name L | Online value | Modify | Comment | Datatype

new_Controller0 lgse | Auto-operation start bution | BOOL

new_Controller_0

4 Click the TRUE button in the Modify column for gStart.

Devicename | Mame |Online value, aglify | Comment |Data typel
new_Controller_0 gStart ALSE

new_Centroller_0 |:|

The robot performs pick-and-place operation according to the program.

If you use this program actually, write a program so that you can operate gStart variable from the HMI.

M Precautions for Correct Use

If the operation is controlled with the V+ program and the operating mode of the Robot Integrat-
ed CPU Unit is switched from RUN mode to PROGRAM mode, and then to RUN mode again,
press the Robot Power button on the front panel to make sure that the light of the button is OFF,
and then press the button again to confirm that it is lit before executing the above procedure.
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]

This section describes the implementation example of the dynamic pick-and-place

equipment.
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4-3-7 Creating C# ProgramsS..........cueii it 4-81
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4-4-9 Wiring the EtherNet/IP Port on the Robot Integrated CPU Unit ................... 4-99
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4-4-11 Wiring the Camera and RODOL...........cccviiiiiiiiiiec e 4-100
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4-1 Program Specifications for Dynamic
Pick-and-place Equipment

This section describes the program specifications to control the dynamic pick-and-place equipment.
For information on how to create a program, refer to 4-3 Programming and Simulation Procedures on
page 4-15.

4-1-1  Program Structure

This section describes the specifications of the program to control the dynamic pick-and-place equip-
ment.
The program consists of the following programs.

Program Name Language Description
Main Sequence control program (Ladder di- | Main program
agram)
ConveyerControl | Sequence control program (Ladder di- | Operating program for the conveyor
agram)
RobotControl Sequence control program (Ladder di- | Program for automatic operation of the robot
agram)
px.start V+ program A program to call C# program for starting
px.stop V+ program A program to call C# program for stopping
supervisor V+ program Status monitoring program for the robot
control V+ program Regular processing program for the robot operation
auto V+ program Startup processing program for the robot operation
PM_Start C# program Startup program of the Process Manager
PM_Stop C# program Stop program of the Process Manager

The role of each program and peripheral devices are as follows.

Robot Integrated CPU Unit IPC Application Controller
auto
Status Launch Conveyor drive

monitoring Y ON/OFF

Conveyor drive 1l
L h
ON/OFF | Al
Conveyer . control
Control Operation
ready or not L h
Launch Launch e

RobotControl px.start PM_Start

St
px.stop Labinch PM_Stop }—Op

Inverter run Operation
. Robot command
command Solenoid valve
‘ Inverter ‘ ‘ I/O Terminal ’ instruction w Shoot image of

workpiece

‘ <«— Launch/stop In execution
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4 Implementation Example of Dynamic Pick-and-place Equipment

In this equipment, Pack Manager sample is used to program the pick-and-place operation.

If you use the Pack Manager sample, you can operate the robot by using the Process Manager func-
tion of the IPC Application Controller. It eliminates the need to create complex programs for process-
ing to work with peripheral devices. However, you need to make the V+ programs and C# programs to
start or stop the Process Manager.

Process Manager can be started or stopped by calling the C# program, which is executed by the IPC
Application Controller, from the V+ program that is running on the Robot Integrated CPU Unit.
Process Manager's solenoid valve opening/closing instruction is written to outputs of V+ Digital I/O.
They are assigned to the contacts of the EtherCAT I/O Slave by the V+ Digital /0 Settings function
and are output from those contacts.

Process Manager's conveyor drive ON/OFF instruction is written to the output of V+ Digital /0. The V
+ program for regular processing, "control", polls for the status of the conveyor drive ON/OFF instruc-
tion and writes it to the shared variable. In addition, the sequence control program "ConveyerControl"
polls for the shared variables, converts them to operational instructions (ON/OFF instructions, velocity
command, and rotational directions), and outputs them to the inverter.

I Sequence Control Program

This section describes the sequence control program to control the dynamic pick-and-place equip-
ment.

In the sequence control program, register global variables and create three programs, "Main" (main
program), "ConveyerControl", and "RobotControl".

@ Global Variables
Register the global variables that are used in the sequence control program.

The following variables are automatically generated in the 1/0O Map tab page.

Name Data type Comment
E002_Command WORD Inverter run command
E002_Frequency_reference UINT Inverter target frequency
E002_Status WORD Inverter status
E002_Output_frequency_monitor | UINT Inverter frequency monitor
E002_Sysmac_Error_Status BYTE Inverter Sysmac error

Register the variables below yourself.

Name Data type Comment
e_conveyor_dir | BOOL Conveyor revere command
e_conveyor_run | BOOL Conveyor run command
e_conveyor_spd | BOOL Conveyor fast run command
e_is_run_mode | BOOL Operation mode
gRC_Err BOOL Robot control error
gReset BOOL Auto-operation stopped
gStart BOOL Auto-operation started
gSysOK BOOL Operation ready
eBool_exeT1 BOOL supervisor in execution
gEnableT1 BOOL supervisor executable
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The following variables are automatically generated when a robot is added to the system configura-
tion.

Name Data type Comment
RC_Robot001 _sRC_RBT_REF iX4 650H
RC_Robot001_IO | _sRC_RBT_IO_REF | iX4 650H 1/O

® Main program (Main)
"Main" (main program) is used to monitor the status of the robot and judge whether the automatic
operation can start.
An example of a program is provided below.

juswdinb3 aoe|d-pue-)21d o1weuA(q 1o} suonesyioadg weiboid L-p

0 Moritoring operation mode of CPU unit
P.On e is. run_mode |
1
_{ | N
Operation mode
1 Moritoring robot control emor 1
GetRCError] gRC_Err |
—fen O
Robot control
Level—Enter Varioble eror
Code— Enter Variobie
2 Moritoring system operation status ~
_EC_PDSlavTbi[1] _EC_PDSlavTbi[Z] _RC_RBT[0].DrvStatus.RunMode gRC_Emr  _RC_RBT[0].DrvStatus.ESTOP gSysOK | N
| I | L | / Ty IN
P o | P o | dups B Pl 121 hov
ECAT IO comm  ECAT INV comm ECAT robot comm status Robot control Robot emergency stop Operation ready )
status status emor 3
3 Monitoring supervisor execution %
RC_GT1 3
eBool_exeTl1 RC_GetVpPrgTaskstatus) EQ gEnableT1 »
{ | Enable Valid EN 5 S
sUpervisor in SUPErvisor Q
execution  WINT#2—TaskNo TaskStatus [—T51 T51In1 executable c
Task status Task status 0]
Busy|—Enter Variable INT#4—In2
Error|—Enter Variable
ME eBool_exeT1
ErmrorlD [—Enter Variable EN "E\
supervisor in
T51—in1 execution
Task status
INT#4— In2
4 Start auto-run
gStart gRaset gEnableT1 aSysOK gRunning
|+ | 1 [ | | |
11t v 1T
Auto-operation Auto-operation supervisor Operation ready Running
started stopped executable
gRunning
Running

@ Operating Program (ConveyerControl)
"ConveyerControl" (operating program) makes the inverter start running on receiving a command.
During automatic operation, the ON/OFF command is sent to the Inverter according to the convey-
or drive ON/OFF instruction from the Process Manager.
An example of a program is provided below.
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0 Inverter stop instruction
gRunning MOVE

—|/'r EN ENO

Running
£_ConVeyor_run 16#0—in Out{—E002_Command

1 ~1 Inverter r...
l/r

Conveyor run
command

b Switching inverter forward / reverse

gRunning e_conveyor_run & conveyor dir T
1 171 EN ENO
Running Conveyor run Conveyor reverse
command command 16#1-In  OQut|—E002 Command
Inverter r...
e_conveyor_dir MOVE
] | EN ENO
Conveyor reverse
command 16#2—in Outf=E002_Command
Inverter r...

2 Switching inverter high speed / low speed

gRunning e_conveyor_spd MOVE
) {/} EN ENO
Ridnning Conveyor fast
run command UINT#100—in Out}—ED0Z_Freguency_reference
Inverter targ..
e_conveyor_spd MOVE
1 | EN ENO
Conveyor fast
run command UINT#200—in  Outj—EDN0Z Frequency _reference
Inverter targ...

@ Operating Program (RobotControl)

"RobotControl" (operating program) runs automatically on receiving a command.
An example of a program is provided below.

0 Muoritoring robot system operation. status

gRunning _RC_RBT[0].DrvStatus.Manual _RC_RET[0].DrvStatus.PowerEnabled RobotOK |
1 | /I. ]l | I
I |l | . o
Running Reobot operation mode Robot power ON Robot operation
ready
1 Calling C# program to start
ExecuteStartCommand
RobotOK RC_ExecVpProTask
{ ) } Execute Done
Robot operation
ready UINT#1— Taskho Busy |=Enter Varioble
‘prstart'— PrgMame CommandAborted }—Enter Variable
Enter Variable— PrgParam Error|—Enter Variabie

INT#1 4 CycleMumber ErmoriD}—Enter Variable

UDINT#0—| StartStep

2 Calling C# program to stop

ExecuteStopCommand
RobotOK RC_ExecVpPrgTask
]l 1 lf Execute Done
Robat operation
ready UINT#1— TaskNao Busy|—Enter Variabie
‘pr.stop’'— PrgMame CommandAborted |—Enfer Variobie
Enter Varioble— PrgParam Error|—Enter Variable
INT#1— CycleMumber EmroriD}—Enter Variabie
UDINT#0— StartStep

I V+ Program

This section describes the V+ program to control the dynamic pick-and-place equipment.
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In this section, you create five V+ programs: "px.start" to call the C# program for starting the Process
Manager, "px.stop" to call the C# program for stopping the Process Manager, the status monitoring
program "supervisor", the regular processing program "control", and the startup processing program
"auto".

e V+Digital /0
Communications between multiple V+ programs or between V+ programs and external EtherCAT
Digital I/O Terminals are performed via V+ Digital 1/Os.

The 1/0 number to be used is shown below. Set No.4001 from the V+Digital /0 Settings.

juswdinb3 aoe|d-pue-)21d o1weuA(q 1o} suonesyioadg weiboid L-p

Range Number Applications

1-96 Outputs Not used

1001-1096 | Inputs 1001 Latch number

2001-2999 | Soft Signals 2001 Run the belt conveyor
2002 Switch fast/slow control of the belt conveyor
2003 Run the belt conveyor backward

3001-3004 | Robot Signals | Not used

4001-4032 | External 4001 Solenoid valve open (GX-MD3218 OUTO)

® Program to Call C# Program for Starting (px.start)
This section describes the program to call the C# programs for starting the Process Manager.
An example of a program is provided below.

ainpnis weibold |L-L-v

@ Additional Information

You cannot use the program with Sysmac Studio version 1.42. Use the program with Sysmac
Studio version 1.43 or higher.

On Sysmac Studio ver.1.42, go online with the IPC Application Controller, select
ApplicationManager1 - C# Program - PM_Start and click the Start button on the Task Status
Control pane.

RobotControlSettings = &% v
Task Manager

IO Watcher f e f
V+ File Browser
Virtual Front Panel

ApplicationManager1

C# Progeasa
=

Process Manager
® Process Manager

.PROGRAM px.start ()
GLOBAL S$ip
AUTO REAL status
TYPE "Start PM Start"
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CALL rm.execute3($ip, "/ApplicationManagerl/PM Start", "Execute", 0, $arg
s[], 3, status)
IF status < 0 THEN
TYPE "Failed to execute: error code ", status
END
.END

® Program to Call C# Program for Stopping (px.stop)
This section describes the program to call the C# program for stopping the Process Manager.
An example of a program is provided below.

% Additional Information

You cannot use the program with Sysmac Studio version 1.42. Use the program with Sysmac
Studio version 1.43 or higher.

On Sysmac Studio ver.1.42, go online with the IPC Application Controller, select
ApplicationManager1 - C# Program - PM_Stop and click the Start button on the Task Status
Control pane.

RobotControlSettings = &% v

Task Manager
IO Watcher f e
V+ File Browser
Virtual Front Panel
ApplicationManager1

C# Program

Proces ager
@ Process Manager

.PROGRAM px.stop ()

GLOBAL S$ip

AUTO REAL status

TYPE "Start PM Stop"

CALL rm.execute3($ip, "/ApplicationManagerl/PM Stop", "Execute", 0, $arg
s[], 3, status)

IF status < 0 THEN

TYPE "Failed to execute: error code ", status

END

.END

® Status Monitoring Program (supervisor)

The status monitoring program (supervisor) monitors the regular processing program "control" to
ensure that the program does not stop abnormally while the sequence control is in RUN mode.
When it detects sequence control going into PROGRAM mode, it stops the regular processing con-
trol program "control" and the Application Manager.
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An example of a program is provided below.

The variable ebool_exet1 is a flag that indicates that the V+ program is executable. The sequence

control program monitors the status of this variable, and starts automatic operation when the V+
program is ready to run.

.PROGRAM supervisor ()
EXTERNAL e is run mode, ebool exetl
AUTO REAL p is run mode
GLOBAL S$ip
$ip = "127.0.0.1"
p_is run mode = e is run mode
WHILE TRUE DO
IF e is run mode THEN
IF TASK(1l,3) <> 4 THEN
EXECUTE 3 control ()
END
ebool exetl = TRUE
ELSE
IF TASK(1,3) <> 0 THEN
ABORT 3
CYCLE.END 3
KILL 3
END
IF p is run mode THEN
BRAKE
CALL px.stop()
END
END
p_is run mode = e is run mode
WAIT
END
.END

® Regular Processing Program (control)
Regular processing program is a program that performs a routine processing. If it fails to start, it
automatically restarts. The routine processing includes the process of writing values of V+ digital
I/O signals to the shared variables with the sequence control program.
A program is described below.

.PROGRAM control ()
EXTERNAL e conveyor run
EXTERNAL e conveyor spd
EXTERNAL e conveyor dir
WHILE TRUE DO
e conveyor run = SIG(2001)

e conveyor spd = SIG(2002)

e conveyor dir = SIG(2003)

NJ-series Robot Integrated System Startup Guide (0049)
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RELEASE
END
.END

@ Startup Processing Program (auto)

The startup processing program, auto, reads the V+ programs and global variables from the SD
Memory Card to the main memory and starts the status monitoring program.
Since this program is automatically generated, you don’t need to write a program.

I C# Programs

This section describes the C# programs to control the dynamic pick-and-place equipment.

@ Startup Program of Process Manager (PM_Start)

This program launches the Process Manager.
An example of a program is provided below.

using Ace.Server.Xpert.PackXpert;

using Ace.Services.NameLookup;

using Ace.Client.ApplicationManager.AutoConnect;
using Ace.Server;

using System;

using System.Collections.Generic;

using System.Diagnostics;

namespace Ace.Custom {
public class Program {
public INameLookupService ace;
public void Main() {
Trace.WritelLine ("Script Starting");
IProcessManager processManager = (IProcessManager) ace|
"/ApplicationManagerl/Process Manager"];

processManager.Start () ;

@ Stop Program of Process Manager (PM_Stop)

This program stops the Process Manager..
An example of a program is provided below.

using Ace.Server.Xpert.PackXpert;

using Ace.Services.NameLookup;

using Ace.Client.ApplicationManager.AutoConnect;
using Ace.Server;

using System;

using System.Collections.Generic;
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using System.Diagnostics;

namespace Ace.Custom {
public class Program {
public INameLookupService ace;
public void Main() {
Trace.WriteLine ("Script Starting");
IProcessManager processManager = (IProcessManager) acel|
"/ApplicationManagerl/Process Manager"];

processManager.Stop () ;

juswdinb3 aoe|d-pue-)21d o1weuA(q 1o} suonesyioadg weiboid L-p

m Precautions for Correct Use

The contents of the text string "/ApplicationManager1/Process Manager" in each C# program
differ depending on the language used when you created the project file. Select
ApplicationManager1 from the device list in the Multiview Explorer and select
Configurations and Setup - Process - Process Manager. Drag and drop it onto the C# editor,
and an appropriate text string is automatically selected.

ainpnis weibold |L-L-v
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4-2 Basic Startup Procedures

4-12

This section gives an overview of the basic startup procedures to build a dynamic pick-and-place sys-

tem.

First, program a machine operation, configure and check the settings using the simulator, and then run
the system for fine-tuning the operation.

No. Procedure Description Reference
1 Programming and Creating a project Create a project file in the Sysmac page 4-15
Simulation Proce- Studio.
2 dures Creating the network Create the EtherCAT network config- | page 4-16
configuration uration and register an EtherCAT
Digital 1/0 Terminal, an inverter, and
a robot on the network.
3 Writing V+ programs Create the V+ programs. page 4-19
4 Writing a sequence Create a sequences control pro- page 4-23
control program gram.
5 Placing 3D shape data | Place 3D shape data and make the page 4-30
operating range of the robot visible
on the 3D Visualizer.
6 Creating a Pack Man- Configure the robot settings, camera | page 4-53
ager sample settings, and conveyor settings by
using the simulation function and
perform teaching.
7 Writing C# programs Create the C# programs. page 4-81
8 Running the program Run the sequence control program page 4-87

(Simulation)

on the simulator of the Sysmac Stu-
dio.
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No. Procedure Description Reference
9 Installing and Wiring | Wiring the Robot Inte- | Wire the Robot Integrated CPU Unit | page 4-94
the System grated CPU Unit and and the EtherCAT Digital I/O Termi-
EtherCAT Digital 1/0 nal.
Terminal
10 Setting the node ad- Set the EtherCAT node address of page 4-94
dress of the EtherCAT | the EtherCAT Digital I/O Terminal.
Digital 1/0 Terminal
11 Wiring the EtherCAT Wire the EtherCAT Digital I/O Termi- | page 4-95
Digital I/0 Terminal and | nal and the EtherCAT communica-
Inverter’s EtherCAT tions unit of the Inverter.
communications unit
12 Setting the node ad- Set the EtherCAT node address of page 4-95
dress of the Inverter’s the EtherCAT communications unit
EtherCAT communica- | of the Inverter.
tions unit
13 Wiring the Inverter’s Wire the EtherCAT communications | page 4-95
EtherCAT communica- | unit of the Inverter and the robot
tions unit and robot
14 Setting the EtherCAT Set the EtherCAT node address of page 4-96
node address of the ro- | the robot.
bot
15 Wiring the robot, T20 Wire the robot and the T20 pendant, | page 4-96
pendant, and front pan- | as well as the robot and the front
el panel. Use an XSYSTEM cable as-
sembly, a T20 adapter cable, and a
front panel cable for wiring.
16 Wiring the robot and Wire the robot and the encoder. page 4-98
encoder
17 Wiring the EtherNet/IP | Wire between the Robot Integrated page 4-99
Port on the Robot Inte- | CPU Unit and the industrial Ethernet
grated CPU Unit switch, between the industrial Ether-
net switch and the computer, and be-
tween the industrial Ethernet switch
and the IPC Application Controller.
18 Wiring the IPC Applica- | Wire between the IPC Application page 4-100
tion Controller and dis- | Controller and the display, and be-
play and camera tween the IPC Application Controller
and the camera.
19 Wiring the camera and | Wire the camera and the robot. page 4-100
robot
20 Wiring the EtherCAT Wire the EtherCAT Digital I/O Termi- | page 4-101
Digital I/0 Terminal and | nal and the solenoid valves.
solenoid valves
NJ-series Robot Integrated System Startup Guide (0049) 4-13
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4-14

No. Procedure Description Reference
21 | Operation Check on | Communication set- Configure the communication set- page 4-103
the Actual System tings tings for connecting Sysmac Studio
on the computer and the devices.
22 Going online Connect Sysmac Studio online with page 4-110
the Robot Integrated CPU Unit.
23 Transferring settings Download the programs and settings | page 4-111
and programs in the Sysmac Studio project file to
the Robot Integrated CPU Unit and
the IPC Application Controller.
24 Camera settings Set the properties of the camera. page 4-115
25 Running the sequence | Run the sequence control program 4-5-5 Running a
control program and V+ | and V+ programs. Sequence Con-
program trol Program
and V+ Pro-
gram on page
4-126
26 Turning robot high pow- | Turn ON the robot high power. Turning Robot
er ON High Power ON
on page 3-96
27 Calibrating the belt Perform belt calibration. 4-5-7 Calibrat-
ing the Belt on
page 4-130
28 Sensor calibrations Calibrate the sensor. 4-5-8 Calibrat-
ing the Sensor
on page 4-135
29 Setting the Locator Set the Locator. 4-5-9 Setting
the Locator on
page 4-146
30 Teaching idle, pick, and | Operate the robot actually to check page 4-151
place positions (On ac- | and correct teaching data.
tual equipment)
31 Running the programs | Check the operation of the system page 4-154

(On actual equipment)

before starting the automatic opera-
tion.
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4-3 Programming and Simulation Proce-
dures

This section describes the procedure for creating project files, programing, and setting and checking
operation in simulation.
The simulation function allows you to check the equipment operation before purchasing actual equip-

ment.

4-3-1  Creating a Project File

Create a project in the Sysmac Studio.

sainpas0id uone|nwig pue Buiwwesboid g-f

1 Start the Sysmac Studio and click New Project in the Start page.

Offline

e Project—

@ Open Project

& Import...

The Project Properties dialog box is displayed.

2 In the Project Properties dialog box, enter the Project name, Author, and Comment, and
select the Category, Device, and Version as shown in the figure below.

8|14 108loid e Bunesi) |-¢-p

1 :
Af Select Device

Device NIS01 v |-

3 Select the Open in Emulation Mode check box, and click the Create button.

| I Symmae St sy
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A project file is created and the following window is displayed.

1B New Project - new_Controller_0 - Sysmac Studio (64bit) - o X

new_Controller 0 +

] Conuiions and et |
f ogemmng |

4-3-2  Creating the EtherCAT Network Configuration

Create the EtherCAT network configuration and register an EtherCAT Digital I/O Terminal, an inverter,
and a robot on the network.

1 Click Configurations and Setup in the Multiview Explorer.

new_Controller 0

2 Double-click EtherCAT under Configurations and Setup in the Multiview Explorer. Or right-
click EtherCAT under Configurations and Setup and select Edit from the menu.
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Multiview Explorer

new_Controller 0

The EtherCAT Master is displayed in the EtherCAT tab page.

1B New Project - new_Controller_0 - Sysmac Studio (64bit)

sainpas0id uone|nwig pue Buiwwesboid g-f

I] RBAD-1SANO2H-ECT Rev:1.0

-1SAND4H-ECT Revi1.0

3 From the Toolbox, select the group of Digital 10.

|All vendors

[1 Terminal Coupler
[} Servo Drives
L lnverter

uonEINBLUOD JIOMION 1YDIoUIT au) Buead z-c-

4 Click and drag the digital I/O to use and drop it on the EtherCAT Master in the EtherCAT tab
page. In this example, select GX-MD3218.

e
D Master
Master

Cutput
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5 From the Toolbox, select the group of Frequency Inverter.

6 Select and drag the inverter to use and drop it on the GX-MD3218 in the EthercAT tab page. In
this example, select 3G3AX-MX2-ECT.

8 Select and drag the robot to use and drop it on the 3G3AX-MX2-ECT in the EthercAT tab
page. In this example, iX4 650H, IP65, P30 is selected.
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E
Master

Master

EOO1

GX-MD3218 Rev:1.2

E002
3o
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4-3-3  Creating V+ Programs

sweiboud +A Bunealn ¢-¢-f

This section provides the procedure for creating the V+ programs.
For details on the program to create and allocation of V+ digital 1/0s, refer to V+ Program on page 4-6.

I V+Digital I/O Settings

To control EtherCAT Slaves by V+ programs, you must assign V+ digital 1/Os.

1 In the Multiview Explorer, select new_Controller_0 from the device list.

2 Click the @ icon to the left of Robot Control Setup in the Multiview Explorer.
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Multiview Explorer

new_Controller 0 w

V+Digital IO |

4 Click the + button in the Robot Common Settings tab page.
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A row for registering a new V+ digital 1/0 is added.
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<Not assigned > | | <Not assigned >

5 Click the drop-down list for Device in the newly added row, and then select Node:1 GX-
MD3218(E001).

Device

[<Not assigned >
10

sweiboud +A Bunealn ¢-¢-f

Device Port
[Node TGX-MD3218(E00 v | [<Not assigned>
In Bit13
In Bit14
In Bit15
Minor Fault

7 Enter 4001 for V+Digital I/0.

| Device

| [Node : 1 GX-MD3218(E001 v | [Out Bito0

I Writing V+ Programs

This section describes the procedure to create V+ programs.

1 Select RobotControlSettings from the device list in the Multiview Explorer.
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RobotControlSettings + | (=&

2 Right-click V+ Modules under Programming in the Multiview Explorer, and select Add New

Module from the menu.

Multiview Explorer

~
RobotControlSettings :D

In the tree of the Multiview Explorer, program0 - program0 are added under V+ Modules,
which allows you to edit the name of the V+ program.

Multiview Explorer > o

RobotControlSettings v

3 Enter the name of the V+ program.

The name of the V+ program is changed.

RobotControlSettin

RobotControlSettin v

4-22
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A tab page to edit the V+ program is displayed in the Edit Pane.

Bl e Pt Bebctoresatieags  Syaeeas Bt |0t - o

| bt e et Conrater

5 Create the program in the Edit Pane.
For details on the program to create, refer to V+ Program on page 4-6.

sainpas0id uone|nwig pue Buiwwesboid g-f

6 Go back to step 2 and create another V+ program by repeating the sequence of operations.

4-3-4  Writing a Sequence Control Program

This section provides the procedure for creating a sequence control program.
For details on the program to create and allocation of V+ digital I/Os, refer to Sequence Control Pro-

gram on page 4-4.

I Creating Device Variables

Create device variables to control the inverter.

weibold jonuo) sousnbag e BUNLAA 1-S-1

1 In the Multiview Explorer, select new_Controller_0 from the device list.

Multiview Explorer

new_Controller 0

The I/0 Map tab page is displayed in the Edit Pane.
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| e P o Gt 1 S S 2

3 In the I/0 Map tab page, click the dicon to the left of 3G3AX-MX2-ECT in the Port column.

Port Description
EtherCAT N rk Configuration

GX-M

ve
| 3

5, P30
¢ CPU/Expansion Racks
CPU Rack CPU Rack 0

Data Type Variable

WORD
UINT

t WORD
Output frequency monitor o 1 UINT

» Sysmac Error Status ic ) BYTE

CPU Rack

4 Right-click on the 3G3AX-MX2-ECT in the Port column of the I/O Map tab page and select
Create Device Variable from the menu.

Description R/W | Data Type Variable

Node3

3 oansion Rack Search
CPU Rack CPU Rack 0 Expand/Collapse All

The device variable is created.
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Port Description R/W | Data Type Variable

This object gives an operat W "\.‘\I'D.RD

This object anoutput W UINT

This object gives the preser R WORD

This object gr utpu R UINT

Indicate Sysmac error statu R BYTE E002_Sysmac_Erro

Node3 » 1, IP65, P30
v _Sv_CPLl.-’E:(pansic-n Racks
CPU Rack CPU Rack 0

| Defining Global Variables

Define global variables used as the position data in the sequence control program.
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1 Double-click Global Variables under Programming - Data in the Multiview Explorer. Or, right-
click Global Variables under Programming - Data and select Edit from the menu.

The global variable table is displayed.

B0 New Project - new_Controller_0 - Sysmas Studio (64bit) - o ®

weibold jonuo) sousnbag e BUNLAA 1-S-1

2 Press the Insert key in the global variable table, or right-click in the global variable table and
select Create New from the menu.
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Group Filter 'Y (No group) v

Name Data Type Initial Value

Initial Value A letai ork is Comment

i

Do not publish

E002_Commana = P AT f i AW 17—

FONS Eranasnc rafar ECAT-/inadaz? /Fra

—

|1 ]|

D et miklich v |

Refer to Sequence Control Program on page 4-4 for the global variables to register.

The global variable is registered.

I Creating Ladder Diagram Programs

This section describes how to create the ladder diagram programs.

1 Right-click Program0 under Programming - POUs - Programs in the Multiview Explorer and
select Rename from the menu.

2 Enter the name of the sequence control program.
The name of the sequence control program is changed.
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3 Double-click the section to edit.

AJ| Programming.

¥ 8 PouUs

The variable table and Ladder Editor are displayed in the Edit Pane.

[B New Project - new_Controller_0 - Sysmac Studio (64bit)
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Program Location

4 Enter the program in the Ladder Editor. Internal and external variables are automatically regis-
tered when they are entered in the program.
For details on the program to create, refer to Sequence Control Program on page 4-4.

To create more than one sequence control program, perform the following steps.

5 Right-click Programs under Programming - POUs in the Multiview Explorer, and then select
Add - Ladder from the menu.

weibold jonuo) sousnbag e BUNLAA 1-S-1

6 Click the icon displayed to the left of Program0 under Programming - POUs - Programs in
the Multiview Explorer.
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7 Returns to step 1 and repeat the above steps.

I Assigning Programs to Tasks

In this section, assign the ladder diagram programs to tasks of the Robot Integrated CPU Unit.
In this guide, multiple ladder diagram programs are used to control the dynamic pick-and-place equip-

ment, so it is necessary to assign the programs to tasks.
When the equipment is controlled by the V+ Program, only one ladder diagram program is used and

you do not need to perform the steps in this section.

1 Double-click Task Settings under Configurations and Setup in the Multiview Explorer.

A J Configurations and Setup

The Task Settings tab page is displayed.

2 Click the Program Assignment Settings button ( ) in the Edit Pane.

Task Type Task Name |Period/Execution

M Priority-4 Primary Penodic Task PrimaryTask
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3 Click the + button.

¥ I® PrimaryTask

Program name  Initial status

1 [Main "~ [Run

sainpas0id uone|nwig pue Buiwwesboid g-f

¥ I PrimaryTask
Program name Initial status

1 [Main

weibold jonuo) sousnbag e BUNLAA 1-S-1

The name of the selected program is displayed.

¥ B PrimaryTask
Program name Initial status

hd Run

~ I [Run.

5 Perform step 3 and later for RobotControl.
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¥ I PrimaryTask

1 [Main

.

4-3-5 Placing 3D Shape Data

I Making the Robot Motion Range Visible

You can make the operating range of the robot visible on the 3D Visualizer. Making the operating
range visible makes it easier to set the position of the robot.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

Multiview Explorer Alt+1

Project Shortcut View Alt+5hift+1
Alt+2
Output Tab Page Alt+3
Watch Tab Page Alr+d
Watch Tab Page(Table) Alt+Shift+4

2 In the 3D Visualizer, click the Scene Graph icon.

Note The 3D Visualizer is in Float mode in this procedure. For information on Float mode, refer to
A-2-1 Set the 3D Visualizer to the Float Mode on page A-21.

The Scene Graph dialog box is displayed.
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B Scene Graph - o X

3 In the Visibility tab page, select the Work Volume check box located under
RobotControlSettings - R1iX4_650P30.

sainpas0id uone|nwig pue Buiwwesboid g-f

B Scene Graph - o X

= B RobotControlSettir

ejeq adeys qg buoeld g-¢-v

4 Click the Close button on the Scene Graph dialog box.
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I B Scene Graph

. [Collision Filter

I Placing the Robot on the 3D Visualizer

Place the robot in the appropriate position on the 3D Visualizer.

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

Multiview Explorer Alr+1
Project Shortout View Alt+Shift+1
Tnnlhay Alt+2

QOutput Tab Page Alt+3
Watch Tab Page Alt+4
Watch Tab Page(Table) Alt+Shift+4

2 Make the 3D Visualizer get into Float mode, and move the viewpoint as shown below.
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View from the side, such that the
bottom (Z=0) appears as a line.

@ Additional Information

sainpas0id uone|nwig pue Buiwwesboid g-f

For information on how to change the viewpoint in the 3D Visualizer, refer to the A-2 How to
Use 3D Visualizer on page A-21.

3 Move the mouse cursor onto the robot and right-click it.
The menu commands are displayed.

@ Additional Information

When the mouse cursor is moved onto the robot, the name of the 3D shape data /
RobotControlSettings/R1iX4_650P30 is displayed.

ejeq adeys qg buoeld g-¢-v

4 Select Edit Workspace Position from the menu.
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o B&De

The Move icon consisting of colored arrows, a purple circle, and faces is displayed on the ori-
gin of the 3D shape data.

E Additional Information

The Move icon has red, green, and blue arrows, which represent the X-axis, Y-axis, and Z-axis,
respectively. The red face shows the YZ plane, the green face shows the ZX plane, and the
blue face shows the XY plane.

You can drag an arrow to move the 3D shape data along the axis.
Or, use the face icon to move the 3D shape data on the corresponding plane. You can also
move the 3D shape data independently from the axis direction by dragging the purple circle.
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5 Move the mouse cursor onto the robot and right-click it, and select Show Robot Work
Envelope from the menu.

T —
DwéQPiE:@ﬁ
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The robot’s operating range is colored in gray in the 3D Visualizer.

OR4QPrET =0

ejeq adeys qg buoeld g-¢-v

6 Click the blue arrow and drag upward to pull the robot upward in Z-axis direction from the ori-
gin.

OhNSQLET=OR

Move it so that the operating range is above the bottom surface.
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@ Additional Information

You can zoom in on the 3D Visualizer to see the operating range more clearly.
You can also check the position on the X, Y, and Z axes in numbers by clicking the Direct
Position Edit icon.

For information on how to zoom in or zoom out in the 3D Visualizer, refer to the A-2-4 Zoom-in
and Zoom-out on page A-26.

I Importing 3D CAD Data and Placing It on the 3D Visualizer

Import the 3D CAD data of the conveyors as 3D shape data to the Sysmac Studio.
This section describes the procedure to import the 3D CAD Data of Conveyor A and Conveyor B to be
used as equipment models and place them on the 3D Visualizer.

1 Select Application Manager from the Insert menu on the main window of the Sysmac Studio.

Application Sample
Safety Network Controller *

The Add Device dialog box is displayed.
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Add Device X

[ J. :
B Select Device

Category Application Manager
Device AM101 ¥ |- [1000

Version 3.00

Cancel

2 Select an item from the drop-down list of Category, Device, and Version as shown in the fig-
ure below, and then click the OK button.

Add Device w
.Eﬁ Select Device

Category Application Manager
Device AM101 v |- [1000

Version 3.00

c.an‘:E|

ApplicationManager0 is added to the drop-down list at the top of the Multiview Explorer

Multiview

@ Additional Information

Application Manager added by this operation can only be used for simulation. Do not use it for
actual device.

3 Click Configurations and Setup in the Multiview Explorer.

Setting items are displayed under Configurations and Setup in the tree.
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4 Right-click 3D Visualization.
The menu commands are displayed.

5 From the menus, select Add - CAD Data.

# Select Source
CAD Lib
Connections @ CAD Library

Import File @ Open my ov

Identify where the CAD file is located.

6 Select Open my own CAD file check box.

7 Click the Next button.
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m

Select Source
Select ce of the CAD data
= Select Source

= Identify where the CAD file is located.
CAD Library

Connec

s @ CAD Libran
Import File L2 Open. my own CAD file
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8 Click the Open File button.

y L
I Fil
mport Fi &
Import the s (IJ'|
3
Select the file which should be imported. 8
r File Name < a (3
+90 Yaw +90 Pitch W
[©2]
>
[V
. . . 3
The Open dialog box is displayed. o
Y]
=4
[V
8 open B
« v 1 3> ThisPC > 3D Objects v O | Search 3D Objects »
Organise = New folder =- m @
*64 ®
tem: itch your arch
v WThsPC
> 8 3D Objects
> [l Desktop
>[4 Documents
» 4 Downloads
> J Music
NEE ek ¥
File pame: | SVKN-100-1000-25-T100-IM-9-H-Astp ~| |sTep File (*stprstep) v
conce

9 Select a 3D CAD data to import, and then click the Open button.
In this example, you select the conveyor of MISUMI Corporation whose model number is
SVKN-100-1000-25-T100-IM-9-H-A for the Conveyor A. You can import the 3D CAD data with
the file name extension “stp”.
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B open ®
— ~ 1 3 > ThisPC » 3D Objects v D | S »p
Organise ~ New folder E~- [N o

64 SVKN-100-1000-25-T100-IM-9-H-Astp
& This PC
B 3D Objects

B Desktop

5| Documents
¥ Downloads
b music

FiCname: [SVKN-100-1000-25-T100-IM-9-H-Astp ~| |STEP Fite (*stp:* step) ©

The Open dialog box is closed and import of 3D CAD data starts automatically.

Import CAD File

Cancel

When the import completes, the assemblies of the imported 3D CAD data is displayed in the
Import CAD File wizard.

@ Additional Information

Align the conveyor top to the U face. Click the +90 Yaw button or +90 Pitch button to change
the orientation of the conveyor.

If you use positioned and oriented CAD data, this operation is not necessary.

1 0 ciick the buttons in the following order: +90 Yaw, +90 Pitch, +90 Yaw, +90 Pitch and +90
Pitch

The conveyor top comes to the U face.
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11 Select the parts to add for simulation, and click the Next button.
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The Import CAD File wizard is closed and the main window is displayed again.

12 Check that CAD Data0 is added under Configurations and Setup - 3D Visualization in the
Multiview Explorer.

-}.lpplicaﬁonManagerO._Vm
A4l Configurations and Setup

Robot Vision Manager

13 Place the conveyor A in the same manner as in Placing the Robot on the 3D Visualizer on
page 4-32.
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Place the conveyor A in a position where the robot can pick up the workpiece within the operat-
ing range of the robot.

14 Perform step 4 and later for the Conveyor B.
In the Multiview Explorer, CAD Data1 is added under Configurations and Setup - 3D
Visualization.

Place the conveyor B within the operating range of the robot, where the robot can place the
workpiece.
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Now import of the 3D CAD data for Conveyor A and Conveyor B and their placement are completed.
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I Activating Collision Detection Function

The collision detection function detects the contacts in simulation that may occur between the robot
and other 3D shape data, such as objects imported as 3D CAD data. If the robot may contact with
other 3D shape data, you need to change the layout of the robot or the 3D shape data or modify the
movement of the robot.

In this section, the setting procedure to detect a contact between the robot, Conveyor A and Conveyor
B is given. Because the collision detection function checks whether 3D shape data may collide be-
tween groups, you create two groups; Group 0, which includes the robot, and Group 1, which includes
Conveyor A and Conveyor B.

ejeq adeys gg buoeld G-¢-v

m Precautions for Correct Use

In this guide, the target of collision detection is the robot. When the 3D shape data is placed at
the tool center point, collision detection of that 3D shape data is also required. For information

on collision detection operation in which the 3D shape data attached to the tool center point is

subject to the collision detection, refer to the Sysmac Studio 3D Simulation Function Operation
Manual (Cat. No. W618).

1 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

I Muitiview Explorer Alt+1

Project Shortcut View Alt+Shift+1
Toolbox Alt+2

B ma
Event Loy

The 3D Visualizer is displayed on the right side of the main window.
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\ I o Prapeat - A tnManageeD - Sy S |65

2 In the 3D Visualizer, click the Scene Graph icon.

U

The Scene Graph dialog box is displayed.

B Scene Graph = (m} *

M Ruler

icationManager(
D Datal

Accept Cancel

3  Click the Collision Filter tab.
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] Scene Graph = ] X

Accept Cancel
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Accept

A new row with the Collision Filter Group Name set as Group0 is added on the Scene
Graph dialog box.

B scene Graph - o X

and the

Group ltems | Falling |Rese

ler Group il 1-item collection -
1-item collection

— E

Accept Cancel

5 Repeat step 4 above.
A new row with the Collision Filter Group Name set as Group1 is added on the Scene

Graph dialog box.
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B scene Graph - O ®

Valid | Collision Filter Group Name

Collision Filter Group 2-item collection -
4 Group0 1-item collection

1-item collection

Accept

Valid sion Filte ip Name sion Filter Group Items | Falling
Collision Filter Group 2-item collection
4 Group0 1-item collection

(0]

4 Groupl 1-item collection +

mu — H

Accept Cancel

The Select a collision filter group item dialog box is displayed.

Select a collision filter group item X

Cancel

7 Select new_Controller_0 - RobotControlSettings - Robots - R1iX4_650P30 - Entire Robot
in the tree, and then click the Select button.
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Select a collision filter group item x

Cancel
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The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. R1iX4_650P30, Entire Robot is registered in the Collision Filter Group
Items column for GroupO - [0].

] Scene Graph = ] X
|
up will not be detected.
o
ject in its initial position.

n Filter Group Name Collisit ordinates while falling aw, Pitch, Roll)

n Filter Group 2-item collection

4 Groupl 1-item colioctio
o

4 Groupl
[0]
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o
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8 Click the + button in the Collision Filter Group Items column for Group 0.

Scene Graph = O X

on Filter Group Name t
n Filter Group 2-item collection

4 GroupQ 1-item collection ‘ ’

R1iX4 650P30, Entire Robot

[0] -H O

Accept Cancel
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A new row [1] is added under Group 0.

@ Scene Graph

Valid | Collision Filter Group Name n Filter Group ltems

Group 2-item collection

2-item collection

R1iX4_650P30, Entire Robat .

1-item collection

Cancel Close

9 Click the ... button in the Collision Filter Group Items column for Group 0 - [1].

D Scene Graph

4 Groupl

[0]

The Select a collision filter group item dialog box is displayed.

Select a collision filter group item

ttings

B8 ApplicationManager0
i suall
Dat
AD Datal

Cancel
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10 Select new_Controller_0 - RobotControlSettings - Robots - R1iX4_650P30 - 10
EndEffector0 in the tree, and then click the Select button.

Select a collision filter group item x
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Cancel

The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. 10 End effector 0 (R1iX4_650P30) is registered in the Collision Filter
Group Items colimn for Group0 - [1].

(8| Scene Graph = m] x
p

filter groups.
etween thi &
hat if you hide an n the de object is excluded from t
unchecked the Visibil f thi g 5 , D e object again with the Falling enable ject in its initial position.

ejeq adeys qg buoeld g-¢-v

Valid i e 1 Coordinates whil g Pitch, Roll)

Collision Filter Group

4 GroupQ 2-item collection
[0] R1iX4 ASNDIN Crticn Dnbnt

m 0|10 EndEffectord (R1 zx4_ssnp3m! =5

4 Groupl T-ftem conetoun

[0

Accept Cancel Close

11 Click the ... button in the Collision Filter Group Items column of the row whose Collision
Filter Group Name is Group 1 - [0].
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B Scene Graph = (m} *

een the 3D sl
hide an obje

d the Visibil

n Filter Group Name n Filter Group ltems

be
Filter Group 2-item col n +
2-item collection Er

0] R1iX4_650P30, Entire Robot  [Jof — |
0 R -

Groupl 1-item collection
[0]

Falling |Re:

Accept Cancel

The Select a collision filter group item dialog box is displayed.

12 Select ApplicationManager0 - 3D Visualization - CAD Data0 from the tree, and then click the
Select button.

Select a collision filter group item x

The Select a collision filter group item dialog box closes and the Scene Graph dialog box is
displayed again. CAD Data0 is registered to the Collision Filter Group Items column for
Group 1 - [0].
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] Scene Graph = ] X

xcluded from th lision detection targ:
ject again with the Falling y I the object in its initial position.

Valid | Collision Filter Group Name Callision Filter Group ltems s inates falling Yaw, Pitch, Roll)

Collision Filter Group 2-item collection +
4 GroupQ 2-item collection +

[0 R1iX4_650P30, Entire Robot .

m IC EndEffectord (R1iX4_650P30) |8

4 Groupl

o

xcluded from th
t again with the Falling

i i Collision Filter Group ltems Falling [Reset fallin dinates while f:
Colli i 2-item collection =

o e om0 e ot |

m 10 EndEffectord (R1iX4_650P30) |

4 Groupl 1-item collection

o | caAD Datad

A new row [1] is added under Group 1.

(8] scene Graph = m] x
p

fthe o
i Collision Filter Group ltems Falling
“olli i 2-item collection i
& e oo e ronr S
=

[ 10 EndEffector( (R1iX4_650P30)

| 4 Groupl 2-jtem collection +

CAD Datal .

Close

14 Follow the step 8 to 10 to register CAD Data1 for Group 1 - [1].
CAD Data1 is registered to the Collision Filter Group Items column for Group 1 - [1].

sainpas0id uone|nwig pue Buiwwesboid g-f

N
@
(@]
Y
QO
Q.
3
«Q
w
v}
(72}
=0
[V
©
(0]
o
[V
o}
Q

NJ-series Robot Integrated System Startup Guide (0049) 4-51



4 Implementation Example of Dynamic Pick-and-place Equipment

E Scene Graph

ion Filter Group Name
n Filter Group

Valid

4 Group0
[0]
I

4 Groupl
[0]
U]

15 Check that the Valid
to select.

ject in its initial posi
Yaw, Pitch, Roll)

2-item collection

2-item collection
R1iX4_650P30, Entire Robat
10 EndEffector (R1iX4_650P30) |88
2-item collection

CAD Datal)

=
]

IIIII 3k

check boxes are all selected. If there is a check box not selected, click it

E Scene Graph

on filter group

sion Filter Group Name
ion Filter Group

Groupl
[0]
U]

in its initial pe
eset falling

2-item collection

2-item collection

=
]

1 6 Click the Accept button.
A collision filter configuration is saved.

1 7CIick the Close button in the Scene Graph dialog box.
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] Scene Graph = m] X

of the target c

e
Collisi Coordinates whil

on Filter Group 2-item collection

4 Groupl 2-item collection
[0 R1iX4_650P30, Entire Robot

m 10 EndEffector0 (R1iX4_650P30)

|

4 Groupl 2-item collection

[0] CAD Data0

n CAD Datal

I 3 i B2
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The Scene Graph dialog box is closed.

Now, the settings for checking for collision between the robot and Conveyor A, and between the robot
and Conveyor B have been completed.

4-3-6  Creating a Pack Manager Sample

This section describes the procedure to create a Pack Manager sample.
The operations flow is as follows.

Activating the Robot's Simulation Function

¥

Selecting a Configuration

¥

Configuring the Robot

N
@
»
o
@
[¢]
Q
=4
>
«Q
Q
i
Q
Q
Q
=
Q
3
Q
«Q
[0]
=
w
Q
3
=l
[0)

Configuring the Camera, Conveyor, and
Encoder

Teaching Positions

¥

Additional Settings

I Enabling Robot Simulation Function

Enable the simulation function of the Sysmac Studio.
To simulate the operation of the robot, open the project file in EMULATION mode.
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If you want to know whether the project file opened on the Sysmac Studio is in EMULATION mode or
not, check the status bar on the main window. When you see [Emulation Mode] Access Level:
Engineer on the status bar, the project is opened in EMULATION mode.

New Project - ApplicationManager0 - Sysmac Studio (64bit) — O et

Toolbox ~ 1

<Search> v

Output

Ot in Emulation Mode

el: Engineer

If the project is opened in a different mode, click the Enable emulation mode icon on the toolbar to
change to EMULATION mode.

a0 |ttt |

1 In the Multiview Explorer, select new_Controller_0 from the device list.

2 Select Run from the Simulation menu.
The screen below is displayed while the simulator is starting.

After this screen is closed, the lower part of the toolbar in the main window turns yellow-green.
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File Edit View Insert Project Controller S

2

C——

I Selecting a Configuration

Select the configuration of the robot and peripheral devices.

Decide whether to use the pallet function, belt encoder, and camera in pick-and-place operation.
Details of the features and information on how to select them are given below.

In this guide, pick operation uses the belt encoder and camera, and the pallet function is not used.

sainpas0id uone|nwig pue Buiwwesboid g-f

Letter OPera- Function Content
tion
A Pick Pallet You can choose whether the pick position is considered a palette or not.
If this function is selected, a workpiece can be picked from each row/column of
the palette.
B Pick Encoder | You can choose whether to use the belt encoder for adjusting the pick position.
Select this to pick a workpiece that flows on the belt conveyor.
C Pick Camera | You can choose whether to use the camera for adjusting the pick position. 2
Select this to pick a workpiece on the conveyor and the posture of the workpiece 2
is not constant. g
D In con- Camera | You can choose whether to adjust the placing position by using the camera in an a
veyance upward-facing position. :)-9
Select this to place workpieces in the same orientation on the unloading side 2
conveyor. %Z,
E Place Pallet You can choose whether the placing position is considered a palette or not. %
If this function is selected, workpieces can be placed in each row/column of the :a);
palette. 3
F Place Encoder | You can choose whether to use the belt encoder for adjusting the placing posi- ®
tion.
Select this to place workpieces in an evenly spaced alignment on the unloading
side conveyor.
G Place Camera | You can choose whether to use a camera for adjusting the placing position.
Select this to place workpieces to fit a particular pattern.

The table below lists the pick configurations.
A, B, and C in the table above represent pick operations.

Selections
A B Cc
Yes |Yes | Yes | No configuration available
Create a Pack Manager sample and change the Process Manager settings by referenc-
ing the Sysmac Studio Robot Integrated System Building Function with Robot Integrated
CPU Unit Operation Manual (Cat. No. W595).
Yes | Yes | None | At a pallet located by a belt latch sensor

Configuration name

Yes | None | Yes | No configuration available

Create a Pack Manager sample and change the Process Manager settings by referenc-
ing the Sysmac Studio Robot Integrated System Building Function with Robot Integrated
CPU Unit Operation Manual (Cat. No. W595).

Yes None | None | At a fixed pallet

None | Yes | Yes On a belt located with a camera
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Selections
A B C

None | Yes None | With a fixed mounted camera

Configuration name

None | None | Yes | With a belt latch sensor

None | None | None | At a fixed position

The table below lists the configurations for correction after picking.
D in the table above represents operation after picking.

Selections . .
T Configuration name
Yes No, do not refine the position of the part.
None Yes, refine the position of the part using a camera.

The table below lists the configurations for placing.
E, F, and G in the table above represent placing operations.

Selections
E F G

Yes |Yes |Yes | No configuration available

After creating the Pack Manager sample, refer to Sysmac Studio Robot Integrated
System Building Function with Robot Integrated CPU Unit Operation Manual (Cat. No.
W595) and change the Process Manager settings.

Configuration name

Yes |Yes | None | Ata pallet located by a belt latch sensor

Yes | None | Yes | No configuration available

After creating the Pack Manager sample, refer to Sysmac Studio Robot Integrated
System Building Function with Robot Integrated CPU Unit Operation Manual (Cat. No.
W595) and change the Process Manager settings.

Yes | None | None | At a fixed pallet

None | Yes Yes On a belt located with a camera

None | Yes None | With a fixed mounted camera

None | None | Yes With a belt latch sensor

None | None | None | At a fixed position

1 Click new_Controller_0 from the device list in the Multiview Explorer of the Sysmac Studio.

2 Select Application Sample - Pack Manager Sample from the Insert menu on the main win-
dow of the Sysmac Studio.
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Circuit Parts L
Derive Device L -

Controller >

Robot Vision Manager Sample

Safety Network Controller *

Pendant Ul Sample

M Precautions for Correct Use

If the configuration of the Pack Manager Sample is not completed until the last teaching or it is
canceled, you need to start over from the first step of the flow to create the Pack Manager
Sample. If ApplicationManager1 has been registered in the device list of the Multiview Explor-
er through the execution of the Pack Manager sample, delete ApplicationManager1 once
with the Delete key and start the procedure again.
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Pick and Place Sequence: Select Configuration dialog box is displayed.

a|dweg Jabeue yoed e buneald 9-¢-f

3 Click the Next button at the bottom right of the dialog box.
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4 Select On a belt located with a camera and click the Next button.

6 Select At a fixed position and click the Next button.
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7 Click the Finish button.

a|dweg Jabeue yoed e buneald 9-¢-f

The dialog box closes and Pick and Place Sequence: Phase 1/3 - Select Robot dialog box is
displayed.

I Configuring the Robot

In this section, select the robot and end effector to use for the Pack Manager and teach the wait posi-
tions.

1 In the Introduction page, click the Next button.
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2 In the Select Robot page, confirm that R1iX4_650P30 is selected and click the Next button.

3 In the Select the End-Effector page, confirm that 10 EndEffector0 is selected and click the
Next button.

!.rm_mmmh_tmmmm
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4 The Robot Power ON dialog box may appear. In that case, click the Power button and select
the Next button at the bottom right of the dialog box.
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« © Cancel

5 Register the signal number of the robot built-in 1/Os which are used to control the vacuum pad.
Enter the value -4007 to Open and 40017 to Close in the Outputs field of the Digital /0
Signals. They are Open signals of the solenoid valve that was allocated in V+Digital I/O on
page 4-7.

a|dweg Jabeue yoed e buneald 9-¢-f

0100 24000 9000 D000 £1.000 0,000 .

6 Set 50mm as the offset value from the TCP to the vacuum pad tip in the Z direction. Enter
0.000 0.000 50.000 0.000 0.000 0.000 in the Tool Offset.
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Click the Next button at the bottom right of the dialog box.

0000 9000 504500 0,000 0,000 9000

7 To temporarily determine the wait position, operate the robot on the 3D Visualizer. Set the ro-
bot’s wait position above an approximate pick position on the conveyor.
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M Precautions for Correct Use

If the wait position is specified out of the belt window set in Configuring the Camera, Conveyor,
and Encoder on page 4-65, a belt window violation error will occur during tracking and the
tracking will fail. Assume the approximate position of the belt window, and determine the wait
position above the position that fits within the belt window.

After completing the tentative setting of the wait position, proceed to the next step.

8 Click the Here button at the bottom right of the dialog box.
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The value in the Taught Position is changed to the value of the current position.
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9 Click the Next button at the bottom right of the dialog box.
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=

10 Click the Finish button at the bottom right of the dialog box.

Pick and Place Sequence: Phase 1/3 - Select Robot dialog box closes and Pick
Configuration dialog box pops up.
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I Configuring the Camera, Conveyor, and Encoder

1 Click the Next button at the bottom right of the dialog box.
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2 In the Application Manager Settings dialog box, confirm that the IP Address is set to
127.0.0.1 and click the Next button.
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3 In the system configuration of this guide, the 24114 Basler camera is used. Make sure that
Basler Camera is selected and click the Next button at the bottom right of the dialog box.
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4 Click the Next button at the bottom right of the dialog box.

5 Select a row for the encoder 0 from the list as determined in this guide. Encoder No. 1 of the
wiring connector corresponds to encoder 0 on this dialog box.

For information on wiring, refer to the 4-4-8 Wiring the Robot and Encoder on page 4-98.

4-66
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6 Click the Next button at the bottom right of the dialog box.
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7 Allocate the operation signals of the conveyor, assigned by V+ Digital 1/0 Settings in this guide.
Enter values in the On/Off, Fast/Slow, and Reverse/Forward fields in the center of the win-

dow.
Set 2001 to On/Off, 2002 to Fast/Slow, and 2003 to Reverse/Forward.
For allocation of V+ digital I/Os, refer to V+Digital I/O on page 4-7.
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8 Click the Next button at the bottom right of the dialog box.

9 Determine the position of the conveyor, Upstream Limit, Pick Limit, Downstream Limit,
and Belt Width.

Camera @
/@\ (o
Convey B
Encoderm J/ /
workie T 7 B A—
For ¢ 76

Conveyor A
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Letter Item Description
A Upstream The limit position upstream of the conveyor to make a pick operation.
Limit The robot does not pick at the conveyor position upstream from the Upstream
Limit.
B Pick Limit The reference limit position downstream of the conveyor to make a pick opera-
tion.

When the placement is completed, the robot specifies the next workpiece to pick
and calculates the pick position. At that time, workpieces that exist downstream
from the Pick Limit are excluded from the pick target.

C Down- The limit position downstream of the conveyor to make pick operation.
stream Lim- | The robot does not pick at the conveyor position downstream from the
it Downstream Limit.
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You can set the points by a drag and drop operation on the 3D Visualizer or by directly entering
data in numeric entry fields of Belt Control. Set the points in either way.
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» Dragging and Dropping on the 3D Visualizer
Refer to A-2 How to Use 3D Visualizer on page A-21 and the Sysmac Studio Robot
Integrated System Building Function with IPC Application Controller Operation Manual (Cat.
No. W621) for operation procedure of the 3D Visualizer.
The conveyor can be moved by dragging and dropping the green, red, and blue arrows.

The Upstream Limit is the position indicated by the purple point and the green arrow (origin
of Belt Transformation and Y-axis).

The Pick Limit is indicated by a purple line and the Downstream Limit by a blue line. The
Pick Limit and Downstream Limit can be moved by dragging and dropping the yellow ar-
row.

NJ-series Robot Integrated System Startup Guide (0049) 4-69



4 Implementation Example of Dynamic Pick-and-place Equipment

Position them within the operating range of the robot.

Pick Limit Downstream Limit

The belt width can be changed with the yellow arrow indicated in the frame in the figure be-
low.

« Directly entering data in the fields of Belt Control

The Upstream Limit is the same point as the origin of Belt Transform. Therefore, enter off-
set distance from the world coordinate in the input fields of Belt Transformation.

Enter relative distance from the Upstream Limit in mm to Pick Limit and Downstream
Limit input fields.

Input Belt Width to the Belt Window Width input field in mm.

Enter the value of encoder scale (mm/encoder) in the Encoder Scale input field.

10 Click the Next button at the bottom right of the dialog box.
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11 Click the ON/OFF button to turn it ON, and then click the Start Tracking button to check that
the robot can successfully track along the conveyor. If no problem was found, click the Next
button at the bottom right of the dialog box.
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12 Make sure that the right latch number has been selected , and then click the Next button.
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13 Click the Finish button at the bottom right of the dialog box.

153 516477 454300 £.000 0,008 8000

I Teaching Positions

® Teaching Robot’s Idle Positions

1 Click the Move button at the lower part of the dialog box.
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123,000 - 508,000 -TALOLE 0.000 120,000 180000

The robot moves to the robot’s idle position.
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130000 -S08.000 - TALOSE 0.000 183.000 182.000 "
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2 Adjust it to a position from where the robot can be moved to the pick and place positions in
linear interpolation. After the adjustment, click the Here button.

3 Click the Next button at the bottom right of the dialog box.

120,000 - 508,000 -TAZ0SE 0,000 120,000 180.000 "
-~ EI-
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4 Move the belt forward to a position where the robot can touch the part.

5 Click the Next button.

® Teaching Pick Position, Approach Height, and Depart Height

1 Click the buttons for ON/OFF and Reverse/Forward in the Belt Control box at the lower part
of the dialog box to move the green workpiece on the conveyor. After that, once stop the work-
piece within the operating range of the robot and in the belt window.

Workpiece

2 Click the Next button at the bottom right of the dialog box.
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3 Click the Move button at the lower part of the dialog box.
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The robot moves so that the tool center point is at the lowermost part of the workpiece on the
conveyor.

153,553 518477 254303 0.000 150,000 5200

4 Move the robot in the Z-axis direction so that the end-effector tip is on the top of the workpiece.
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TEATT 434503 0.000 180,000 0000

5 Click the Here button.

6 Enter the elevation distance that the robot moves to or moves from the workpiece pick-up posi-
tion in the Approach Height and Depart Height input fields of Taught Position.

Check the operation by moving the robot to the set heights by pressing the Approach and
Depart buttons.
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153,553 518477 245063 0.000 150,000 18,000
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® Moving the Robot to the Idle Position

1 Click the Move button at the lower part of the dialog box.
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When the robot moves to the idle position, click the Next button at the bottom right of the dia-
log box.

® Teaching Place Position, Approach Height, and Depart Height

1 Operate the robot in the 3D Visualizer and move it to the workpiece place position on the con-

vener.
If the tool center point and the conveyor come into contact, the outlines of the tool center point

and conveyor are highlighted. Determine the place position with reference to the highlighting.

When the tool tip and the conveyor
come into contact, outlines of them
are highlighted.
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The values of the current position is set to the Taught Position box. If you want to fine tune
the taught position, modify the value in the Taught Position and click the Move button to move
the robot.

sainpas0id uone|nwig pue Buiwwesboid g-f

3 Enter the elevation distance of the workpiece place approach point in the Approach Height
and Depart Height input fields of Taught Position.

a|dweg Jabeue yoed e buneald 9-¢-f

Check the operation by moving the robot to the set heights by pressing the Approach and
Depart buttons.
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164447 251481 -BE0ITS 0,000 180.000 140,000 Fid

4 Click the Finish button at the bottom right of the dialog box.

=

Teaching dialog box closes and ApplicationManager1 is added to the drop-down list of the
Multiview Explorer.

Multiview Explorer

new_Controller 0
RobotControlSettings

I Additional Settings

® Setting for Active Control
To activate the conveyor control from the Pack Manager, perform the following.
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1 In the Multiview Explorer, select ApplicationManager1 from the device list.

new Controller 0 |I|

new_Co ntrolle r_U _
I

L RobotControlSettings

2 Select Configurations and Setup - Processes in the Multiview Explorer and double-click
Pick Belt.

sainpas0id uone|nwig pue Buiwwesboid g-f
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3 Select the Active Control check box for Belt Control.

4-3-7  Creating C# Programs

This section describes the procedure to create C# programs. For details on the program to create, re-
fer to C# Programs on page 4-10.

1 In the Multiview Explorer, select ApplicationManager1 from the device list.
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Multiview Explorer

new_Controller 0
RobotControlSettings

2 Right-click Programs under Programming in the Multiview Explorer.
The menu commands are displayed.

3 From the menu, select Add - C# Program.

5 Enter PM_Start for the program name and press the Enter key.
The name of the C# program is changed to "PM_Start".

6 Double-click the program that was added.
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A tab page to edit the program is displayed in the Edit Pane.

pablic INaselochpSurvics ace:

public void Main () |

7 Repeat the operations from step 3 to step 6 to create the programs PM_Start and PM_Stop
described in C# Programs on page 4-10.
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M Precautions for Correct Use

The contents of the text string that represents the Process Manager in each C# program differ
depending on the language of OS used when you created the project file. Select
ApplicationManager1 from the device list in the Multiview Explorer, and then select
Configurations and Setup - Process - Process Manager. Drag and drop it onto the C# editor,
and an appropriate text string is automatically entered.

=using hce.Server.Xpert.Packipert;
using Ace.Services.NameLookup:
3 |using hee.Client.Applicati AutcConnect:
4 | using Aoe.Server;
5 |using System;
using System.Collections.Generic:
7 |using System.Diagnoatics:

i [Cnamespace Ace.Custom |

public class Program |

srace Mriceline ("Sora\ Starcing”):
IFrccessManager process)anager = (IProcessManager) ace["/ApplicationMansgerl/Process Manage
srocessManager.Starci)

4-3-8  Setting up Automatic Loading of V+ Programs and Variables at
Power ON

The V+ programs that you created and V+ global variables are not automatically loaded to the Robot
Integrated CPU Unit by default settings of the project when power to the Robot Integrated CPU Unit is
turned ON.

This section describes the setting procedure for automatically loading the V+ programs and V+ global
variables to the Robot Integrated CPU Unit when its power is turned ON.

NO Jamod 1e sa|qelep pue swelboid +A 1o Buipeo anewoiny dn Bumes g-¢-

1 Select RobotControlSettings from the device list in the Multiview Explorer.
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The Save Configuration tab page is displayed in the Edit Pane.
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[ toew Project - RobotControlSestings - Sysmac Studio (64bit) - o *
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4 Make sure that supervisor is not selected for Program to Execute and click the button on the
right.

t Calibrations

Generate Au

£
@
o
%
[}
=
=}
«Q
c
o
>
c
=
o
3
QO
=
(g
—
o
Q0
=
]
«Q
o
=
<
+
0
=
(o}
«Q
=
Q
3
2]
Q
3
o
5
=,
Q
g
[}
2]
Q
=%
0
o
3
[}
=
o
z

The Select the startup program dialog box appears.

5 Select supervisor under supervisor and click the Select button.
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Select the startup program = O X

PROGRAM supervisor()

: ABSTRACT:
«control ;

p.start ; INPUTS:

- QUTPUTS:

+ SIDE EFFECTS:
: DATA STRUCT:

; MISC: Program created in version 1.44.0.64012

o — s anon

6 Enter 2 to Task Number.

The module name auto is added to the module list in the Save Configuration tab page. In the
tree of the Multiview Explorer, V+ Modules - auto are added under Programming.
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sainpas0id uone|nwig pue Buiwwesboid g-f

Save As..
Save As New Number..

The Robot Integrated CPU Unit is now configured to automatically load the V+ programs and V+ glob-
al variables when it is powered ON. The program auto starts automatically when the Robot Integrated
CPU Unit is powered ON and reads the saved V+ programs and V+ global variables.
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The program auto is created in a form called command program, which is different from the V+ pro-
gram. For details about the command program, refer to the eV+3 User's Manual (Cat. No. 1651).

4-3-9  Executing Program to Check Operation

This section describes the procedure to run and simulate the sequence control program created in
4-3-4 Writing a Sequence Control Program on page 4-23.

You can run the program by changing the global variable gStart in the sequence control program from
FALSE to TRUE in the Watch Tab Page.

The V+ program is called from the sequence control program executed in this procedure.

M Precautions for Correct Use

When you perform this procedure, check that the project file has been opened in EMULATION
mode. Refer to Enabling Robot Simulation Function on page 3-65 for the checking procedure.
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@ Additional Information

Refer to the Sysmac Studio Version 1 Operation Manual (Cat. No. W504) and Sysmac Studio
Robot Integrated System Building Function with Robot Integrated CPU Unit Operation Manual
(Cat. No. W595) for details on the debugging function of the program.

1 Select RobotControlSettings from the device list in the Multiview Explorer.

RobotControlSettings ~

new _CgQ

Multiview Explorer Alt+1

| Project Shortcut View Alt+5Shift=1
I Toolbox Alt+2
I 3D Visualizer Alt+Shift=2
[ Output Tab Page Alt+3
| Watch Tab Page Alt+4
[ Watch Tab Page(Table) Alt+Shift+4
|  Cross Reference Tab Page Alt+5
Build Tab Page Alt+6
Event Log

Search and Replace Results Tab Page  Alt+7

Differential Monitor Alt+9

Smart Project Search Ctrl+Shift+F
Recently Closed Windows Ctrl+Shift+H

Clear Recently Closed Windows History
Ntilea o nionl Alt+Shift+)

Vigion winaow Alt+Shift=V

The Task Status Control pane appears on the right side of the main window.

3 On the Multiview Explorer, select Programming - V+ Modules - supervisor - supervisor and
right-click on it, and then select Execute on Task — Task 2.
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sainpas0id uone|nwig pue Buiwwesboid g-f

QTask O

e
@ Tack 2: supenvisor at step 38, stack 0.1 KB
3@ Task 3: control at step 25, stack 0.0 KB
A ey

QTask 5
QTask 6
Qlask 7:
X Tasck 8:
QTask &
QO Task 10:
Qlask 11:

uonesadQ oay) o} weibold Bunnosxy 6-¢-v

4 In the Multiview Explorer, select new_Controller_0 from the device list.

new_Controller 0

5 Select 3D Visualizer from the View menu on the main window of the Sysmac Studio.

| Muiltiview Explorer Alt+1
Project Shortcut View Alt+Shift+1

Toolbox Alt+2
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The 3D Visualizer is displayed on the right side of the main window.

Multiview Explorer Alt+1

Project Shortcut View Alt+5hift+1
Toolbox Alt+2
3D Visualizer Alt+5hift+2

Qutput Tah Pana Alt+3

Watch Tab Pageiapie) Alt+Shift+4

The Watch (Project)1 tab page appears at the bottom of the main window.

[ Mew Propect - new_Contraller 0 - Sysmac Studic jeait)

7 Type gStart in the Name column on the Watch (Project)1 tab page.

The Online value column shows the current value False for the internal variable gStart in
Program0.
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8 Click the TRUE button in the Modify column for the variable gStart in the Watch (Project)1
tab page.

sainpasoid uonejnwig pue Bujwwelbolid ¢-f

After that, the robot moves to the robot wait position via the workpiece place position, and per-
forms pick and place operation repeatedly.

uonesadQ yoay) 0} weibold Buinosx3y 6-¢-

The robot moves to the workpiece place position to
place the workpiece, and then goes to the position
for picking up the next workpiece via the robot wait
position.

During operation, check that the robot does not turn gray in locations other than the workpiece
pick-up position and workpiece place position. If the color changes to gray, the robot and the
conveyor are interfering with each other. In that case, refer to Teaching Pick Position, Ap-
proach Height, and Depart Height on page 4-74 and move the workpiece pick-up approach
point or the workpiece place approach point to a higher position by teaching.
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When the highlight color of the robot and end-effector |,
changes to gray during the transportation, the robot or
end-effector is in contact with the conveyor.

Modify the ascending and descending distance.

Now you can run the sequence control program on the actual equipment.
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4-4 Installing and Wiring the System

In the system configuration, you must wire the signal lines covered in the colored areas in the figure

below and set the node address of the robot.

» Wiring between the Robot Integrated CPU Unit (A), EtherCAT Digital I/O Terminal (O), EtherCAT
communications unit of the Inverter (T), and robot (X)

» Wiring between the Robot Integrated CPU Unit (A), industrial Ethernet switch (D), computer (F), and
IPC Application Controller (H).

» Wiring between the robot (X), T20 pendant (Y), front panel (AA), and encoder (AD)

» Wiring between the IPC Application Controller (H), display (J), and camera (L).

» Wiring between the EtherCAT Digital 1/0 Terminal (O) and robot (C)

» Wiring between the camera (L) and robot (X)

» Wiring between the EtherCAT Digital /0 Terminal (O) and solenoid valve (P)

wajysAs ayy Bunip pue Buljeisul -1

®) (A ) )

100 to 240 VAC -

85 to 264 VAC 6A GRe00 —
(W)

XFP_ (AB)
8510 264 VAC 65A g A XUSR .
: R
§ DBISm _ (AR _ (AB) (AD)
a a GY) Force/EXPIO \‘g@)
s RS-232C ‘

Single-phase, 200 to 240 VAC, 10A  (Al)

-0 0—o \_@__@)

Connect an encoder for another
conveyor to this side.
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Refer to 1-5 System Configuration for Dynamic Pick-and-place Equipment on page 1-8 for information
on the parts used in the system configuration.

Refer to the manual for the specific product for details on power lines not covered in the colored area
as well as for ducting from the robot.
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4-4-1  Wiring the Robot Integrated CPU Unit and the EtherCAT Digital
/0 Terminal

You must wire the Robot Integrated CPU Unit and the EtherCAT Digital 1/0 Terminal.

1 Connect the EtherCAT port of the Robot Integrated CPU Unit and the EtherCAT IN port of the
EtherCAT Digital I/O Terminal with an Ethernet cable.
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[ LINK/ACT|

4-4-2  Setting the Node Address of the EtherCAT Digital I/O Terminal

You must set the EtherCAT node address of the EtherCAT Digital I/O Terminal.

1 Use the switches on the EtherCAT Digital I1/0 Terminal to set the EtherCAT node address.
To set the node address to 1, set the x10 switch to 0 and the x1 switch to 1.

4 N\
—_ N 0 7 0 7
=2 (@) 1) (2
N I::::| n "‘9 S ’Qco “‘9 S ’Qw
= | |— Node address setting (x1)
mnl:::::| =i Node address setting (x10)
| J/
o0
UNITPS
DC2av
. ~ INPUT

M Precautions for Correct Use

Set the EtherCAT node address of the EtherCAT Digital 1/0 Terminal to be the same as the
node address set in 3-3-2 Creating the EtherCAT Network Configuration on page 3-20.
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4-4-3  Wiring the EtherCAT Digital /0O Terminal and Inverter’s EtherCAT
Communications Unit

Wire the EtherCAT Digital 1/0 Terminal and EtherCAT Communications Unit of the Inverter.

1 Connect the EtherCAT OUT port of the EtherCAT Digital I/O Terminal and the EtherCAT
IN port on the EtherCAT Communications Unit with an Ethernet cable.

Communications Communications
connector (IN) connector (OUT)

o o 1t 2 3 4 5 8 7

e A
il
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4-4-4  Setting the Node Address of Inverter’s EtherCAT Communica-
tions Unit

This section describe the settings of the EtherCAT node address of the EtherCAT Communications
Unit of the inverter.

1 Set the switches for the EtherCAT node address on the EtherCAT Communications Unit of the
inverter.
To set the node address to 2, set the x10 switch to 0 and the x1 switch to 2.

J] ( )

Node address setting
(x1)

Node address setting
(x10)
\ y,

|17| Precautions for Correct Use
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Set the EtherCAT node address of the inverter to be the same as the node address set in
3-3-2 Creating the EtherCAT Network Configuration on page 3-20.

4-4-5  Wiring the Inverter’s EtherCAT Communications Unit and Robot

In this section, wire the EtherCAT communications unit of the inverter and the robot.
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1 Connect the EtherCAT OUT port of the EtherCAT Communications Unit and the EtherCAT IN
port on the interface panel of the robot with an Ethernet cable.

Communications Communications
connector (IN) connector (OUT)

M Precautions for Correct Use

Refer to the NJ/NX-series CPU Unit Built-in EtherCAT Port User’s Manual (Cat. No. W505) for
details on the Ethernet cable to be used.

4-4-6  Setting the EtherCAT Node Address of the Robot

Set the EtherCAT node address of the robot.

1 Set the EtherCAT node address with the switches on the interface panel of the robot.
To set the node address to 3, set the x256 switch to OFF, the x16 switch to 0, and the x1 switch

to 3.

M Precautions for Correct Use

Set the EtherCAT node address of the robot to be the same as the node address set in
4-3-2 Creating the EtherCAT Network Configuration on page 4-16.

Refer to the manual for your robot on how to set the node address.

4-4-7  Wiring the Robot, T20 Pendant and the Front Panel

You must wire the robot and the T20 pendant, as well as the robot and the front panel. Use an XSYS-
TEM cable assembly, a T20 adapter cable, and a front panel cable for wiring.

1 Connect the robot and the XSYSTEM cable assembly.
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wajysAs ayy Bunip pue Buljeisul -1

2 Connect the XMCP connector (Red) of the XSYSTEM cable assembly and the T20 adapter ca-
ble.

3 Connect the T20 adapter cable to the T20 pendant.
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4 Connect the XFP connector (Green) of the XSYSTEM cable assembly and the front panel ca-
ble.

5 Connect the front panel cable and the front panel.
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r E-STOP
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4-4-8  Wiring the Robot and Encoder

Wire the robot and the encoder. Use a XBELTIO cable, a Y-adapter cable, and an encoder extension
cable for wiring.

1 Connect the XBELTIO cable to the robot.
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4 Connect the encoder and the encoder extension cable.

4-4-9  Wiring the EtherNet/IP Port on the Robot Integrated CPU Unit

Wire between the Robot Integrated CPU Unit and the industrial Ethernet switch, between the industrial
Ethernet switch and the computer, and between the industrial Ethernet switch and the IPC Application
Controller. Use Ethernet cables for connection.

wajysAs ayy Bunip pue Buljeisul -1

1 First, wire the Robot Integrated CPU Unit and the industrial Ethernet switch.

1]

2 Connect the industrial Ethernet switch and the computer.
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3 Connect the industrial Ethernet switch and the IPC Application Controller.
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4-4-10 Wiring Between the IPC Application Controller, Display, and
Camera

Wire between the IPC Application Controller and the display, and between the IPC Application Control-
ler and the camera. Use a DVI cable and a camera cable for wiring.

1 Connect the DVI ports on the IPC Application Controller and the display with a DVI cable.

M Precautions for Correct Use

Refer to the IPC Application Controller User’s Manual (Cat. No. 1632) for information on the DVI
cable.

2 Connect the PoE ports on the IPC Application Controller and the camera with a camera cable.
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D [ OO

4-4-11  Wiring the Camera and Robot

Wire the camera and the robot. Use a power I/O cable and a XIO breakout cable for wiring.

1 Connect the camera and the power I/O cable.
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2 Wire the power I/O cable and the XIO breakout cable. Make a connector or relay with a termi-
nal block as shown in the following wiring diagram.
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m Precautions for Correct Use

Refer to Configuring the Camera, Conveyor, and Encoder on page 4-65 for the installation loca-
tion of the camera. You must install the camera between the upstream limit set by the software
and the entrance of the conveyor.

4-4-12 Wiring the EtherCAT Digital I/0O Terminal and Solenoid Valve

You must wire the EtherCAT Digital I/O Terminal and the solenoid valve.

Refer to the manuals for the EtherCAT Digital I1/0 Terminal and the solenoid valve for details on the
cable wiring, and make the cable appropriately in accordance with the wiring diagrams and specifica-
tions.

1 Make the cable so that the solenoid valve will behave as shown in the table below.
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Output value of Digital /O Terminal

Solenoid valve behavior

FALSE

Duct is closed

TRUE

Duct is open

2 Wire the EtherCAT Digital I/O Terminal and the solenoid valve.
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4-5 Operation Check on the Actual Sys-
tem

This section describes the procedures for checking operation and adjusting the system on the actual

system.
Check operation with the simulation function before you check operation on the actual system.

m Precautions for Correct Use

When you operate the robot in MANUAL mode with the T20 pendant, you must plug the iCS
Commissioning Jumper into the XBELTIO connector and change the setting for the Teach Re-
strict. Refer to iX4 650 H/HS and 800 H/HS Robot with EtherCAT User’s Guide (Cat. No. 1656)
for details.

wo)sAg [enjoy ayj uo yoayo uonesado G-

4-5-1 Communications Setup

Setting Up Sysmac Studio to Communicate with the Robot Integrat-
ed CPU Unit

Set up Sysmac Studio installed on your PC to communicate with the Robot Integrated CPU Unit.

In this section, IP address of the EtherNet/IP port on the Robot Integrated CPU Unit to connect to the
computer is set to 192.168.250.1.

Also set the IP address of the camera to the IPC Application Controller in advance. For procedure to
set the IP address of the camera to the IPC Application Controller, refer to Appendix A of the
Automation Control Environment (ACE) Version 4 User’s Manual (Cat. No. 1633).

dnjag suonesIuNWWo) |-G-

1 Boot up the Sysmac Studio.

2 Clear the Open in Emulation Mode check box at the bottom left of the start page.

[ Tempr—

Sysmac Studio

3 Click the Open Project tab.
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Sysmac Studio

B Open in Emulation Mode

A list of created projects is shown in the Projects window.

Sysmac Studio (B4bit) 5 o %
e,

M Open in Emulation Mode

4 Click the New Project on the project list, which you have created in 4-3-1 Creating a Project
File on page 4-15.
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I syvmac Studio i6dbit - o ¥
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M Open in Emulation Mode P Compare

The clicked row is highlighted.

5 Click the Open button in the Projects window.
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M Open in Emulation Mode P Compare Dele

The main window of Sysmac Studio is displayed.
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I MewPreject - niew_Cantrolier_0 - Sysmac Studie (B4bit)

Change Device

Online

The Communications Setup dialog appears.

B communications Setup

Fthernet Communications Test

7 Click the Ethernet connection via a hub button in the Connection type field.
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B communications Setup -= o x

Fthernet Communications Test

wo)sAg [enjoy ayj uo yoayo uonesado G-

8 Enter 192.168.250.1, the IP address of the Robot Integrated CPU Unit, in the Remote IP
Address box

B communications Setup -= o x

dnjag suonesIuNWWo) |-G-

9 Click the OK button at the bottom
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B communications Setup -= o x

The Communications Setup dialog is closed.

I Selecting the IPC Application Controller

Select the IP address of the IPC Application Controller you use.
In this section, the IP address for the IPC Application Controller is 192.168.250.201. Set the IP ad-
dress of the IPC Application Controller before starting the following procedure.

M Precautions for Correct Use

ACE must have been running as a server in the IPC Application Controller in advance. Refer to
Automation Control Environment (ACE) Version 4 User’s Manual (Cat. No. 1633) for the ACE
server instance.

1 Select ApplicationManager1 from the device list in Multiview Explorer.

new_Controller 0 m

| new_Controller_0 _
. RobotControlSettings

2 Double-click Settings under Configurations and Setup in Multiview Explorer.
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Multiview Explorer

ApplicationManager1 v

The Settings tab page is displayed.

I teevProiect - ApplicationManager! - Syimiac Studio (64b1) - B0 X

wo)sAg [enjoy ayj uo yoayo uonesado G-

3 Click the ... button on the right of the IP Address row.
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The Select a controller address dialog appears.

4 Click the row where the IP Address of the IPC Application Controller is listed.

. Select a controller addrass =) O w0
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5  Click the Accept button.

The Select a controller address dialog is closed.
4-5-2  Online Connection

line
Establish an online connection between Sysmac Studio and the Robot Integrated CPU Unit.

I Connecting Sysmac Studio to the Robot Integrated CPU Unit On-

1 In the Multiview Explorer, select new_Controller_0 from the device list.

new_Controller 0 v

Communications Setup...

Change Device

@ Additional Information

Depending on the status of the connected Robot Integrated CPU Unit, the dialog box for writing
the CPU Unit name or checking the serial number is displayed. Refer to Sysmac Studio Version

1 Operation Manual (Cat. No. W504) for details.

When it is online, the yellow line is displayed on the top of the Edit Pane.
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[new_Controller 0 v |

I Going Online with the IPC Application Controller

Connect the IPC Application Controller and Sysmac Studio online.

1 Select ApplicationManager1 from the device list in Multiview Explorer.

wo)sAg [enjoy ayj uo yoayo uonesado G-

new Controller 0

I new_Co ntrolle r_U _

RobotControlSettings

2 Click Controller - Online from the menu bar.

When it is online, the yellow line is displayed on the top of the Edit Pane.

swelboid pue sbuiag Bulisjsuel] ¢-G-1

4-5-3  Transferring Settings and Programs

To operate a conveyor belt programmatically, download programs and settings in the Sysmac Studio
project file to the Robot Integrated CPU Unit.

1 In the Multiview Explorer, select new_Controller_0 from the device list.
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Offline Ctrl+Shift+W

Enable emulation mode

Synchronize...

Transfer...

3 Follow the instructions in the confirmation dialog, then click the Yes button.

Sysmac Studio

Offline Ctrl+Shift+W

Enable emulation mode

Comparison of programs and settings in Sysmac Studio and the Controller starts.
When the comparison is completed, the Synchronization dialog box is displayed.

5 Select the check box for NJ501.
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B synchronization O X

or: Data Name Compare

wnsferned when this option is changed.

wo)sAg [enjoy ayj uo yoayo uonesado G-

Transfer To Controller

swelboid pue sbuiag Bulisjsuel] ¢-G-1

Transfer To Controller

7 The following confirmation dialog box appears. Click the Yes button.

8 Confirm that the message "The Synchronization process successfully finished" is displayed.
Then click the Close button.
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B synchronization O x

Recompare

9 Confirm that the Robot Integrated CPU Unit has started normally.
Indicator statuses under a normal operation are given below.

Indicator Status
RUN indicator Lit in green
ERROR indicator Off
NET RUN Litin green
NET ERR Off
LINK/ACT Blinking

e ‘mrRon
#| 1J501-1500

ol
mmmmmmmm fperens|
[ B =T

L Nerens.

xxxxxx

Built-in EtherCAT port

10 Confirm that the robot has started normally.
Indicator statuses under a normal operation are given below.

Indicator Status
RUN indicator Lit in green
ERR indicator Off
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11 Confirm that the IPC Application Controller has started normally.
Indicator statuses under a normal operation are given below.

wo)sAg [enjoy ayj uo yoayo uonesado G-

Indicator Status
PWR indicator Lit in green
ERR indicator Off

eiswen ay) dn Bumes 4-G-v

4-5-4  Setting up the Camera

I Adding a Camera to Use

1 Select ApplicationManager1 in Multiview Explorer.

new_Controller 0 v

RobotControlSettings
! new SafetyCPUO

2 Select a camera type.

1) Click Configurations and Setup to expand.

2) Right-click Cameras to display the context menu.
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3) Select Add - Basler Camera.

The Create Basler Device wizard appears.

| Crete Basier Device

3 Make sure that IP Address is set to the IP address of the IPC Application Controller and click
the Next button.

4 Select the camera you use from the device list.
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wo)sAg [enjoy ayj uo yoayo uonesado G-

5 Clear the Create a virtual camera check box.

eiswen ay) dn Bumes 4-G-v

6 Ciick the Next button.

-

The Create Basler Device wizard is closed. BaslerCamera0 has been added under
Configurations and Setup - Cameras in Multiview Explorer.
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Multiview Explorer

!.ApplicationManageﬂ v l

= 3D Visualization

-~ Robot Vision Manager

L & Pick Emulation Camera

al Camera

I Designating a Default Device for the Virtual Camera

1 Double-click Pick Virtual Camera under Configurations and Setup - Cameras in Multiview
Explorer.

Multiview Explorer

ApplicationManager1 ¥ .

ot Vision Manager
¥ ~ Cameras

Pick Emulation Camera

L @ Basler Camera0

m Configuration

The Pick Virtual Camera window is displayed.

I MesProject - ApplesticaManagent « Spima: Studie Eaba) = o b4

Dozt Devics
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2 Click the ... button on the right side of Default Device under Configuration.

I reProect - AppleationManagent - Spimiac Shudi 5aba) - o %

Dozt Devics
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The Select a Reference dialog appears.

B select a Reference X

Cameras
Pick Emulation Camera
Basler Camera0
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Select Cancel

3 Click Basler Camera0.

B select a Reference X

Cameras

Select Cancel
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4 Ciick the Select button.

B select a Reference X

Cameras
Pick Emulation Camera
Basler CameraQ

Cancel

The Select a Reference dialog is closed, then Basler Camera0 is shown in Default Device
under Configuration.

4 Configuration

@l /ApplicationManager1/Basler (B
Image Logging Image Logging: Disabled v

Emulation Configuration Generate between 1 and 4 Rand v

I Adding Acquisition Settings

1 Click the Add button in the Acquisition Settings area.

I reProect - AppleationManagent - Syimas Studie S4ba

The Camera Properties dialog box is displayed.

2 Click the Accept button.
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! Camera Properties - O x

Exposure 10000000  lelelelolo} :

Exposure Time
Gain

Analog Gain
Black Level
Balance Red
Balance Green

Balance Blue

Grab Accept

wo)sAg [enjoy ayj uo yoayo uonesado G-

Import

Edit

An image taken by the camera can be shown.
For example, the display is seen as illustrated below when the calibration grid is in the shooting
range.

eiswen ay) dn Bumes 4-G-v

I Adding the Grid Calibration

1 Click the Add button in the Calibration area.
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I MeProject - ApplestionMandgert - Syama Studia E4ba) - o b4

The Select A New Calibration Type dialog appears.

B select A New Calibration Type X

Grid Calibration

Cancel

2 Select Grid Calibration and click the OK button.

B select A New Calibration Type X

The Grid Pixel Calibration dialog is displayed.

4-122 NJ-series Robot Integrated System Startup Guide (0049)



4 Implementation Example of Dynamic Pick-and-place Equipment
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3  Click the Next button.

eiswen ay) dn Bumes 4-G-v

4 Check the calibration position, focus, and light.
If necessary, adjust each element.
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5 Click the Edit button if dots are not clearly displayed.

The Camera Properties dialog is shown. Configure properties so that dots get clear. Then
click the Accept button to close the Camera Properties dialog.

ﬂ Camera Properties - O X

Exposure 10000000 |gloel] :
Exposure Time

Gain

Analog Gain

Black Level

Balance Red

Balance Green

Balance Blue

Grab

The dialog for grid calibration is displayed.
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In this manual, 710.00 is entered in the box because the calibration grid whose dot pitch is 10
mm is used to explain the procedure.

8 Click the Calibration button.
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Calibration is performed.

Yellow points in the black dots mean the calibration has been successfully done. If yellow

points are not shown, click the Back button to return to Step 4, then re-adjust properties so that
the dots get clear.

9 CGiick the Finish button.

The Grid Pixel Calibration dialog is closed.

4-5-5 Running a Sequence Control Program and V+ Program

To operate the conveyor belt for a calibration, run a sequence control program and V+ program.

1 Select Operation Mode - RUN Mode from the Controller menu.

2 Select View - Task Status Control from the menu bar.
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Multiview Explorer

Project Shortcut View AltsShifts1
Toolbox Alts2

30 Visualizer Alt+Shift+2
Qutput Tab Page Alt+3

Watch Tab Page Alted

Watch Tab Page{Table} Alt+Shift+4
Cross Reference Tab Page Alte5

Builld Tab Page Alts6

Event Log

Search and Replace Results Tab Page  Alte7
Simulation Pane Alt+8
Differential Monitor Alt+9

Smart Project Search Cirl+5hift+F
Recently Closed Windows CirlShift+H

Clear Recently Closed Windows History

V+ Jog Contral

Alt+Shift+)

The Task Status Control pane is displayed.

wo)sAg [enjoy ayj uo yoayo uonesado G-

3 Select RobotControlSettings from the device list in the Multiview Explorer.

RobotControlSettings

new _CQ

4 Right-click Programming - V+ Modules - supervisor - supervisor, then click Execute on
Task - Task 2.

weibold +/A pue weibold jonuo) sousnbag e Buluuny G-G-

The supervisor and control of the V+ program is executed in Task2 and Task 3 respectively.

NJ-series Robot Integrated System Startup Guide (0049) 4-127



4 Implementation Example of Dynamic Pick-and-place Equipment

QTask O

O Taots
@ sk 2 supenvisor atstep 38, stack 0.1 KB

3@ Task 3: control at step 25, stack 0,0 KB

ol

QTask 5
QTask 6
Qlask 7:
X Tasck 8:
QTask &
QTask 10:
QTask 11:

5 Select Watch Tab Page from the View menu on the main window.

Multiview Explorer Alt+1
Project Shortcut View Alt+Shift+1
Toolbox Alt+2
3D Visualizer Alt+5Shift+2
Qutput Tah Dana Alt+3

The Watch (Project)1 tab page appears at the bottom of the main window.

6 Click the TRUE button in the Modify column for the variable gStart in the Watch (Project)1
tab page.

— Nama 5 5 i
[} new_Controller 0 |8 g |G 2 | Auto s
new_Controller 0

The program runs.

4-5-6  Turning Robot High Power ON

The robot high power is turned ON.

1 Change the operating mode switch on the front panel to Manual Mode.

4-128 NJ-series Robot Integrated System Startup Guide (0049)



4 Implementation Example of Dynamic Pick-and-place Equipment

Manual Mode Auto Mode
\. I d
" " Estop
» 0]
Jilel®
MODE ROBOT
SELECTION POWER
omRroN
\—

Operating mode switch

2 Press the enable switch on the T20 pendant to Position 2 (half-way).

wo)sAg [enjoy ayj uo yoayo uonesado G-
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BEan
EEEE-
i3] I_

12 o |
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(w13
1010

The Robot Power button on the front panel flashes.

4 Press the Robot Power button on the front panel.
The robot high power is turned ON and the Robot Power button is lit.

If you release the enable switch (Position 1) or press the enable switch further from Position 2 (half-
way) to Position 3, the robot high power will be turned OFF.
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M Precautions for Correct Use

If it is necessary to move the robot, follow the procedure above to turn ON the high power.

4-5-7 Calibrating the Belt

Calibrate the belt.

1 Select ApplicationManager1 from the device list in Multiview Explorer.

new_Controller 0 v

| new_Controller 0
RobotControlSettings
! | new SafetyCPUO

2 Double-click Process Manager under Configurations and Setup - Process in Multiview Ex-
plorer.

ApplicationManager1 v 6%&7

m Configuration
m Feeders
¥ ~ Process
L o Pick Part
L u Pick Belt

L @ Place Part Target
¥ n Vision Tools

The Process Manager tab page is displayed.

[ toewProject - Applcationianager? - Sywmac Seudia bl - 0O

3 In the Belt Calibrations pane, click the row where the belt you calibrate is.
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I HenPenjent - Applestionhlanagert - Syimia Studi (52 - o »
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4 Click the Calibrate button in Belt Calibrations.

~ Belt Calibrations
g Edit # Test Calibration

Controller Robot Belt[Encoder]
RobotControlSettings R1iX4_650P30 Pick Belt [Encoder 1]

The Robot-to-Belt Calibration Sequence dialog is displayed.

yeg sy bunelqied /-G

[ frr_Controller (R1DM_E50PION0 EndiMectord

5 Make sure that the right end effector has been selected , and then click the Next button.
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| i Controller Q104 _650P10N0 EndlMecscrd

6 Click the On/Off lamp to lit.

Confirm the conveyor belt moves and the number of counts of the Position box changes.

7 Click the On/Off lamp to turn off the light.
The conveyor belt stops and also the counter of Position stops.
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8 Click the Next button.
The Teach Upstream Limit dialog appears.

SRR (020 51000 0,000 61000 0,000 0.000 - *

wo)sAg [enjoy ayj uo yoayo uonesado G-

9 Put the target on the upstream limit point on the belt.

10 Operate the robot with the T20 Pendant to move it to the upstream limit point.

@ Additional Information

It is also possible to move the robot in the V+ Jog Control window, which is displayed through
a click of the Pendant button.

yeg sy bunelqied /-G

11 Giick the Here button.

The present robot position is set to the Taught Robot Location box.
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4-134

Far Side Upstream
15829 149370 0.000 180.000 14. 7 : >

44140 235829 149370 0.000 180000 14762 5 -

13 Click On/Off and Reverse/Forward lamps to move the belt so that the target reaches to the
downstream limit point.

14 Teach the robot the downstream limit in the same way as shown in Step 10 to 12.

15 Click On/Off and Reverse/Forward lamps to move the belt so that the target reaches to the
pick limit point.

16 Teach the robot the pick limit in the same way as shown in Step 10 to 12.
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1 7Change the operating mode to Auto mode from Manual mode on the front panel, and click the
Power button. When the Robot Power button on the front panel flashes, press it to turn on the
robot high power.

18 Move the robot to the upstream of the belt, then click the Start Tracking button in Belt
Transform in the Test Belt Calibration window.

Belt Transform

444340 -235.829 149.370 -22.269 179.992 70.576 : A
Level Along *#

Level Lateral &

wo)sAg [enjoy ayj uo yoayo uonesado G-

The robot moves as the belt moves.

19 Click the Stop Tracking button if you have confirmed the robot moved as the belt moved.

Belt Transform

444.340 -235.829 149.370 -22.269 179.992 70.576 ¥
Level Along

Level Lateral

Josuag ay) Buneiqied g-G-¢

The tracking operation stops.

20 ciick the Finish button.
The Robot-to-Belt Calibration Sequence dialog is closed.

4-5-8  Calibrating the Sensor

Calibrate the sensor.

@ Additional Information

» The procedure in this section includes steps for detecting the target. It is for position detection
required for calibration of the sensor. For settings of the locater model to detect an actual tar-
get, refer to 4-5-9 Setting the Locator on page 4-146.

« If the target cannot be detected, adjust the camera's shooting environment or the acquisition
settings. Refer to the Automation Control Environment (ACE) Version 4 User's Manual (Cat.
No. 1633) for information on the acquisition settings of the virtual camera.

1 Select ApplicationManager1 from the device list in Multiview Explorer.
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new_Controller 0 v

= new_Controller_ 0

2 Double-click Process Manager under Configurations and Setup - Process in Multiview Ex-
plorer.

ApplicationManager1 v (5%{;

= Configuration
m Feeders
¥ » Process
L o Pick Part
L & Pick Belt

L @ Place Part Target
¥ n Vision Tools

The Process Manager tab page is displayed.

W FewProject - Applcstonbansger] - Syt Stadia dbin = o x

3 In the Sensor Calibrations pane, click the row where the sensor you calibrate is.
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[ FeraPrcect - AppicationManagert - Syymas Studia (S8 = g

wo)sAg [enjoy ayj uo yoayo uonesado G-

4 Click the Calibrate button in Sensor Calibrations.

~Sensor Calibrations
—— e
Controller Robot Sensor

RobotControlSettings R1iX4_650P30 Pick Virtual Camera on Pick

The Robot-to-Belt Camera Calibration Sequence dialog is displayed.

Josuag ay) Buneiqied g-G-¢

| /rarws_Controiler 0/ 104 650PI0A0 EndiMectord

5 Make sure that the right end effector has been selected , and then click the Next button.
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frrw_Controiter R 14 B50PI0A0 EndiMecsord

6 Click the Live button and place the target in the camera view while watching the displayed im-
age.

7 Click the Stop button.

The green frame which specify a target is shown.
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8 Drag and drop the green frame, and scale it to box a target.

Josuag ay) Buneiqied g-G-¢

9 Click the Run button.

Features of the boxed target are detected.
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10 Click the Crop button.

The boxed target is displayed in an enlarged image.

11 Click the Center button.
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A yellow marker is displayed at the center of the detected target.

Josuag ay) Buneiqied g-G-¢

If the detected center point is wrong, drag and drop the arrows of the marker for adjustment.

12 Click the Train button.

Features are detected.
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Clear the Included check boxes of unnecessary features of the target. The color of edges
whose Included check boxes have been cleared turn to red from green. After clearing the
check boxes, click the Update button.

13 Click the Next button.

-

Locations of all targets are detected, and a magenta markers appear around the center of tar-
gets.
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14 Make sure that the targets have been detected properly, and then click the Next button.

.

|

=
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15 Click the Next button in the Target Object Ordering window, which is subsequently displayed.

Josuag ay) Buneiqied g-G-¢

16 Forward the belt with On/Off lamp in the Belt Control pane to move the targets to the point
where the robot can reach.
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1 7 Click the Next button.

&

18 Operate the robot with the T20 Pendant so that its end effector touch the marked target.

@ Additional Information

It is also possible to move the robot in the V+ Jog Control window, which is displayed through
a click of the Pendant button.

19 Click the Here button.

20 ciick the Next button.
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371.206 -57.908 139,639 -175.403 170068 83224

The marker moves to the next target. Repeat the step 19 and 20 for all the target.
You need to teach for at least 4 targets. In the example above, three targets were set and
taught. So, place the target again in the camera view and perform the step 14 and later.

wo)sAg [enjoy ayj uo yoayo uonesado G-

21 ciick the Next button.

Josuag ay) Buneiqied g-G-¢

@ Additional Information

To increase the accuracy of teaching, select Continue adding more points to continue teach-
ing using additional targets.

The Calibration Summary window is displayed.
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2 2 Ciick the Finish button.

—=

The Robot-to-Belt Camera Calibration Sequence dialog is closed.

4-5-9  Setting the Locator

Set up the Locator.

@ Additional Information

Refer to the Automation Control Environment (ACE) Version 4 User's Manual (Cat. No.1633) for
details of the following items.

Item References in Cat. No. 1633
About the configuration items of the locater model (Pick Locater Locator Model Configuration ltems
Model in this section) for defining the shape and features of the tar- | in Vision Tools
get
About the properties of the detected target, which are defined by Locator Configuration Items in
the locator’s configuration items Vision Tools

1 Select ApplicationManager1 from the device list in Multiview Explorer.

4-146 NJ-series Robot Integrated System Startup Guide (0049)



4 Implementation Example of Dynamic Pick-and-place Equipment

new_Controller 0 v

[ RobotControlSettings
new_SafetyCPUD

2 Double-click Pick Locator Model under Configurations and Setup - Vision Tools in Multi-
view Explorer.

Multiview Explorer

;Application Manager1 v |

. > . ng r_amg

3 Pick Locator Model tab page is displayed. Click the Live button and place the target in the
camera view while watching the displayed image. Click the Stop button, and then the New
Image button.

The image is fixed and the green frame appears on the image.

I NeProject - Applxstionbansger 1 - Spimac Studio S4ba)
- Vi e Comtrob Tk Wikndowr el
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4 Drag and drop the green frame, and scale it to box a target.

I NProject - Applstionbansget - Syima: Studio dba) = o
T e S——— Finip.
1

1 1 1
2= |

AeplcationMansgert * e o) i 6 locator medel noss 0 be ireins # Tool Links

N —— (T

33323 22000000000 5 =

41858 41550 .

5 Click the Train button.

I NProject - Applstionbansget - Syima: Studio dba) = o

AeplcationMansgert * e o) .  Tool Links

N —— (T

33323 22000000000 5 =

Features of the target are detected and indicated with green lines.

I NProject - Applstionbansget - Syima: Studio dba) = o

e T ——

2 ool Links

N —— (T

32470 2223000000 3w
41858 41558 B
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6 Click the Crop button.

I NeProject - Applxstionbansger 1 - Spimac Studio S4ba) = o

wo)sAg [enjoy ayj uo yoayo uonesado G-

The boxed target is displayed in an enlarged image.

[ HeProject - Applxstionbansger i Spima Studio 54 = o
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If the detected position and features are not appropriate, adjust them in the way described in
4-5-8 Calibrating the Sensor on page 4-135.

7 Double-click Pick Locator under Configurations and Setup - Vision Tools in Multiview Ex-
plorer.
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%ApplicationManageri v | %
i g 000

~ Configuration

Pick Belt

ld Programming

The model you have created is registered to the Models pane.

I NProject - Applstionbansget - Syima: Studio dba) = o "

AT 7296 0000 § v

.

A target in the green frame is detected in the Pick Locator tab page, and a magenta marker
appears around the center of the detected target.

M N Proect - ApplxstorManage: - Syimas Studio 64ba) - o *

AT 7296 0000 § v

-
CEE—

8 Drag and drop the green frame, and expand it to an entire shooting range.

4-150 NJ-series Robot Integrated System Startup Guide (0049)



4 Implementation Example of Dynamic Pick-and-place Equipment

st L Do) .
4129 JLTE0 00000, S v

W s 635 65377 s
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Locations of all the target in the green frame are recognized.

I NeProject - Applxstionbansger 1 - Spimac Studio S4ba) = o "
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4-5-10 Teaching Idle, Pick, and Place Positions

1 Select ApplicationManager1 from the device list in Multiview Explorer.

new Controller 0

new_Controller 0

L RobotControlSettings
! | new SafetyCPUO

2 Double-click Process Manager under Configurations and Setup - Process.
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ApplicationManager1 v 6%&7

m Configuration

m Feeders
¥ ~ Process
L o Pick Part
L« Pick Belt

L @ Place Part Target
¥ n Vision Tools

The Process Manager tab page is displayed.

[ toewProject - Applcationianager? - Sywmac Seudia bl - 0O

3 Select a process from the Processes list.

M PenProjact - AppheationAanagert - Syima: Studs (451 = o

1) Click the Teach button at the right of the list.
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B PenProjact - AppheatianAanager! - Syima: Studes (B4 = o
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SuoISod 80€|d pue “Yoid ‘alp| Bulyoeal 0L-G-¥

4  Ciick the Finish button.

-

The teaching window appears.

5 Adjust each teaching following instructions shown in the window.
Adjustment can be performed in the same way as simulation.
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Use the T20 Pendant to move the robot. Clicking the Pendant button enables to move the ro-
bot on the V+ Jog Control window.

In the Locate Object window, you can confirm it is possible to detect a location of a target
placed alone.

4-5-11 Running the Program to Check the Operation

Check that turning on the Robot Integrated CPU Unit and IPC Application Controller runs the program
automatically.

1 Select RobotControllerSettings from the device list in the Multiview Explorer.

RobotControlSettings ~

2 Click Controller - Offline from the menu bar.

3 On the V+ program supervisor, rewrite the IP address assigned to $ip to that of the IPC Appli-
cation Controller.
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I toew Project_t - RobotCantratsetsings - Sysmac Studio (E4b%) = T R

wo)sAg [enjoy ayj uo yoayo uonesado G-

In case the IPC Application Controller IP address is 192.168.250.201, rewrite it as illustrated in
the screen shot below.

W N Propeen. 1 - RobotContolSetrgt - Sysmas Studia {B4ba) = o x

 Fée Bl View  den Contobe ook Window Hep

uonesadQ ayj 3oayn 0} welboid ay) buluuny |1-G-

4 Click Controller - Online from the menu bar.
Sysmac Studio goes online.

5 Click the synchronization icon in the toolbar.

The Synchronization window is displayed.
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6 Check the supervisor box under Programs.

=]
|
L]
-
-
-
L
-

The supervisor program is transferred to the Robot Integrated CPU Unit.
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=]
=
-
-
m
-
L
-

wo)sAg [enjoy ayj uo yoayo uonesado G-

8 Click the Close button.
The Synchronization window is closed.

9 Select ApplicationManager1 from the device list in Multiview Explorer.

new Controller 0 |I|

| new_Controller_0 _
L RobotControlSettings

uonesadQ ayj 3oayn 0} welboid ay) buluuny |1-G-

Multiview Explorer

:ApplicationManageﬂ v

Robot Vision Manager
m Cameras
- Confi
~ Feeders
¥ n Process
Part Add Shortcut

L a Pick Belt
ﬂ Filter Program System Startup

pe Manager

Project Shortcut View ~ 0
W Shortcut Root Folder

Recipe Manager Script

Controller Connection Startup0 is added under Configuration.
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Multiview Explorer

ApplicationManager! ¥

Ad Configurations and Setup

Settings
o 3D Visualization
Robot Vision Manager
» o Cameras
Yo

Controller Connection Startup0

~ Feeders

11 Double-click Controller Connection Startup0.

Multiview Explorer ~ 1

ApplicationManager1 v 6_‘[3_6

A Configurations and Setup

Settings
= 3D Visualization
Robot Vision Manager

» =~ Cameras

12 Ciick the + button.

The Select a Reference dialog appears.
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. Select a Reference X

wo)sAg [enjoy ayj uo yoayo uonesado G-

B select a Reference »

Inew_Controller_0/Controller Settings is added to the Controller Connection Startup0 tab
page.

uonesadQ ayj 3oayn 0} welboid ay) buluuny |1-G-

The Synchronization window is displayed.

NJ-series Robot Integrated System Startup Guide (0049) 4-159



4 Implementation Example of Dynamic Pick-and-place Equipment

-
m
u
u
-
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-
-
-
]
u
]
=

16 Click the Close button.
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=

The Synchronization window is closed.

wo)sAg [enjoy ayj uo yoayo uonesado G-

1 7 Disconnect Sysmac Studio (offline) to the Robot Integrated CPU Unit and IPC Application Con-
troller.
To go offline, select Offline instead of Online in the processes described in Connecting Sys-
mac Studio to the Robot Integrated CPU Unit Online on page 4-110 and Going Online with the
IPC Application Controller on page 4-111.

18 Power off the Robot Integrated CPU Unit and IPC Application Controller.
19 Power on the Robot Integrated CPU Unit and IPC Application Controller.

20 Boot up ACE as a server in the IPC Application Controller.
Refer to Automation Control Environment (ACE) Version 4 User’s Manual (Cat. No.1633) for the
ACE server instance.

21 Establish an online connection between Sysmac Studio and the Robot Integrated CPU Unit.
Refer to Connecting Sysmac Studio to the Robot Integrated CPU Unit Online on page 4-110 for
the procedure to connect online.

uonesadQ ayj 3oayn 0} welboid ay) buluuny |1-G-

22 Set TRUE to gStart in the Watch (Project)1 tab page.

= name |

[ new Controller0 |
new_Controller_0

Refer to 4-5-5 Running a Sequence Control Program and V+ Program on page 4-126 for how
to open the Watch tab page.

23 Turn on the robot high power on the robot front panel.
1) Switch the front panel to Auto mode.
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Manual Mode Auto Mode
\. >
T " Estop
> [0}
@ 0O O
MODE ROBOT
SELECTION POWER
omRron
\—

Operating mode switch

2) Press the Robot Power button.
The Robot Power button blinks.

3) Press the Robot Power button again.

The robot high power turns ON, then the dynamic pick-and place program runs automatically.
The carrying conveyor A operates.

# Conveyor(B)

3 Encoder IP65

Conveyor(A) » c
a

ra

1 1 1
(1) Upstream | |(2) Pick Limit ‘[1) Downstream

Limit imit

24 Put a part at the upstream of the conveyor A.

- Conveyor(B)

I I
= Encoder IP65 : :
Conveyor(A ’ i I

1 1 ]
| (L1') Upstream ‘ |(2) Pick Limit |[1) Downstream
imit imit

25 Check that the robot works as described in the following.

1) The robot moves to the upstream limit point when the camera detects the part, then pause.
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- Conveyor(B)

== Encoder IP65 LI

Conveyor(A) » - m_’l?:

1 1 1
| () Upstream | 1) pici Limit |[1) Downstreant
imit imit

I
I
I
I
I

2) The part is carried to the upstream limit point, then the robot picks up the part and place it
on the conveyor B.

wo)sAg [enjoy ayj uo yoayo uonesado G-

“) ‘ Conveyor(B)

I ]
mmEncoder IP65 o T i :
Conveyor(A) 1 1
1 I

1
(1) Upstream

1 1
ok Limit (D Downstrean‘
Limit | |(2) Pick Limit HLimit

26 Repeat Step 24 to 25 to check the robot works as described in the following.
The robot repeats picking and placing the parts detected subsequently.

uonesadQ ayj 3oayn 0} welboid ay) buluuny |1-G-

i

- +
i Encoder IP65 . O.‘

|

|

Conveyor(A) ‘ c
a ra

1 1
(T) Upstream | | T |[1) Downstream|
Limit (2) Pick Limit imit
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A-1 Designing Example of the Safety
Functions for the Pick-and-place
Equipment

This section describes the designing example of the safety functions for the pick-and-place equipment.

|EI Precautions for Correct Use

You must implement the actual safety measures based on the Robot Safety Guide (Cat. No.
1590) and risk assessment. In addition, it is necessary to consider the performance level and
safety distances of the equipment while it conforms to the safety standards.

A-1-1  Pick-and-place Equipment Configuration

The configuration of the pick-and-place equipment inclusive of the safety devices is shown in the table
below.
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A-1 Designing Example of the Safety Functions for the Pick-and-place Equip- H A-1-1 Pick-and-place Equipment Configuration
ment

2 8 068 g © 9

(N)
(M)
]
(K)
@)

U]

(H)

A-3
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Name

Safety door switch 2

Safety light curtain 2 (Emitter)

Emergency stop pushbutton switch 1

Robot

Belt conveyor (Unload side)

Safety light curtain 2 (Receiver)

Reset switch

Enable switch on T20 pendant

E-STOP button on T20 pendant

E-STOP button on front panel

Belt conveyor (Load side)

Safety light curtain 1 (Receiver)

Safety light curtain 1 (Emitter)

Emergency stop pushbutton switch 2

o|Z|IZ|F|X"|“ |7 IT||MMO|O|®|>

Safety door switch 1

A-1-2 Hazards

The movable parts of the robot are the mechanical hazards in the system configuration described in

this section.

A-1-3  Protective Measure

You must assume the cases in which the hazards are approached from each side of the pick-and-

place equipment.

The safeguarding to each case is implemented as shown in the table below.

Equipment side Approached case Safeguarding Safety device
Back - Fixed guard -

Front Adjustment/ maintenance | Movable guard Safety door switch
Loading side Loading Opto-electronic protective device | Safety light curtain
Unload side Unloading Opto-electronic protective device | Safety light curtain

In addition to the safeguarding, the emergency stop switches as the complementary protective meas-
ures are placed at positions accessible from each side of the equipment.

Equipment side

Complementary protective measure

Safety device

Back

Front

Emergency stop switch

Emergency stop pushbutton switch

Emergency stop pushbutton switch

E-STOP button on T20 pendant

E-STOP button on front panel

A-1-4  Safety Functions

You must decide the safety function of each safety device for the case it operated.
The functions need to be decided for each operating mode of the OMRON robot.
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I Auto Mode

Appendices

Set the safety functions when the operating mode of the OMRON robot is in Auto mode as shown in

the table below.

Safety device

Safety function

Recovery

Emergency stop pushbutton switch 1

Stop the robot when pressed

High power ON after resetting

Emergency stop pushbutton switch 2

Stop the robot when pressed

High power ON after resetting

Safety light curtain 1

Stop the robot when the beam is inter-
rupted

High power ON

Safety light curtain 2

Stop the robot when beam is interrupted

High power ON

Safety door switch 1

Stop the robot when the door is open

High power ON after resetting

Safety door switch 2

Stop the robot when the door is open

High power ON after resetting

E-STOP button on front panel

Stop the robot when pressed

High power ON after resetting

E-STOP button on T20 pendant

Stop the robot when pressed

High power ON after resetting

Enable switch on T20 pendant

I Manual Mode

Set the safety functions when the operating mode of the OMRON robot is in Manual mode as shown

in the table below.

Safety device Safety function Recovery
Emergency stop pushbutton switch 1 | Stop the robot when pressed Reset
Emergency stop pushbutton switch 2 | Stop the robot when pressed Reset
Safety light curtain 1 -—-

Safety light curtain 2 -—- -
Safety door switch 1 - -
Safety door switch 2 -—- -
E-STOP button on front panel Stop the robot when pressed Reset
E-STOP button on T20 pendant Stop the robot when pressed Reset

Enable switch on T20 pendant

Stop the robot when not pressed or fully pressed pass-
ing the middle position

High power ON

Safety System Configuration and Devices

You must select the safety system configuration and devices for it to achieve the safety functions.

I Safety System Configuration

The safety system configuration in this guide uses an NX-series EtherNet/IP Coupler Unit and NX-ser-

ies Safety Control Units.

NJ-series Robot Integrated System Startup Guide (0049)
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Unit power supply
(24 VDCQ)

I/0O power supply
(24 VDQ)

OMRON robot

EtherNet/IP Coupler Unit

Safety CPU Unit

Emergency stop

Safety Input Unit

Safety Output Unit

/
;l
gt

Safety door

Reset
switch

switches .
switches
Safety light curtains Safety relays
XFP l; R.L |
% Q i Front panel

XUSR

XMCP
T20 Pendant

I Configuration Devices

The safety system configuration in this guide uses the devices shown in the table below.

A-6
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Manufac-

Name Model Description
turer

EtherNet/IP Coupler | NX-EIC202 | OMRON A Coupler Unit that supports EtherNet/IP.

Unit This Unit can compose a Slave Terminal by connecting with
an NX Unit.

Safety CPU Unit NX-SL3300 | OMRON A Unit that runs safety programs.

Safety Input Unit NX-SIH400 | OMRON A Unit to be connected with safety input devices.

Safety Output Unit | NX-SOD400 | OMRON A Unit to be connected with safety output devices.

Safety Light Curtain | F3SG OMRON A photoelectric safety sensor. This sensor detects human
entry to hazardous area.

Safety Door Switch | D40A OMRON A non-contact safety door switch. This switch detects open
and close of the entrance door to hazardous area.

Reset Switch A22-H OMRON A reset switch. This switch is used to manually recover the

-10M equipment from the stop state after the safety function oper-

ated.

Emergency Stop A22E OMRON An emergency stop switch.

Pushbutton Switch

Safety Relay G7SA OMRON A safety relay.

Unit Power Supply | S8VK OMRON A 24 VDC power supply. This control power supply is for the
EtherNet/IP Coupler Units and the NX Units.

I/O Power Supply S8VK OMRON A 24 VDC power supply. This power supply is for the 1/O cir-

cuits of the NX Units and the connected external devices.

Installation and Wiring

This section describes the installation and wiring related to the safety functions for the pick-and-place

equipment.

The NX Unit configuration of the EtherNet/IP Slave Terminal and the wiring diagram of the safety devi-
ces are described in this guide.
Refer to the following manual for details on installing and wiring the actual devices.
* NX-series Safety Control Unit User’s Manual (Cat. No. Z930)

» NX-series EtherNet/IP Coupler Unit User’'s Manual (Cat. No. W536)

» eCobra 600 and 800 Robot with EtherCAT User’s Guide (Cat. No. 1653)

* T20 Pendant User's Guide (Cat. No. 1601)

I NX Unit Configuration

Compose the EtherNet/IP Slave Terminal by the connection order shown in the figure below.
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Unit O 1 2 3 4 5 6

M- M-
EIC202 S5L2300 sl SODA00

Master

I Wiring the Power Supplies

The power supply wirings and grounding for the EtherNet/IP Coupler Unit are shown in the figure be-
low.

Al B1

rﬂ uv uv
Unit power supply i i

(20 VDCQ) { ;
UG UG

» IOV 10G
I/O power supply _E
(5 to 24 VDQ) ! !

T
L] A
1 1
1 1
A8 B8
Ground of 100 W or less

Connect the + terminal (24 VDC) of the Unit power supply to A1 or B1.
Connect the - terminal (0 VDC) of the Unit power supply to A3 or B3.
Connect the + terminal (5 to 24 VDC) of the 1/0 power supply to A5.

» Connect the - terminal (0 VDC) of the I/O power supply to B5.
Connect the ground line to A7 or B7.
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»
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e

I Wiring the Emergency Stop Pushbutton Switch a
m

X

Connect the emergency stop pushbutton switch to the Safety Input Unit (N2). 3
T

- o
NX-SIH400 't_)_:
(N2) Ey

T0 g

1]

T1 <

g

2

Si0 s

Si1 g

5

T0 3

g

T1 8

=]

o

S

o

Si2 id

5i3 3%

Ea

I Wiring the Safety Light Curtain

>
Connect the safety light curtain to the 1/0O power supply and Safety Input Unit (N3). 5
>
(2]
Safety light curtain Safety light curtain §’=:
= 2 NENE
= @ =4 » @ =
® < ) 1< Q
- [0} - [0} é
I/0 power M o =
supply 3
(=] @ @ @
sl 2 g[gg 3 Slg §gg
o ol o & 2| o 2| o o
24 VDC =} 3: ~ o S S ~ [0}
ov
NX-SIH400
(N3)
Sio Control output 1(OSSD 1
Si Control output 2(OSSD 2)
i
Si2 Control output 1(OSSD 1)
Si3 Control output 2(OSSD 2)

I Wiring the Safety Door Switch

Connect the non-contact door switch to the 1/0 power supply and Safety Input Unit (N4).
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Non-contact door switch Non-contact door switch

I/O power
o NS I3
[ox] @
525 ¢ s| 25 &
S| o] 5 2 2| o & 2
24 VDC Sl oL 7 =) Ll e
ov ®
NX-SIH400
(N4)
T0 Non-contact door switch input
_|Non-contact door switch output
Si0
Sil
T1 Non-contact door switch input
. |Non-contact door switch output
Si2 I
Si3

| Wiring the Reset Switch

Connect the reset switch to the Safety Input Unit (N5).

NX-SIH400
(N5)

TO |

—

I Wiring the Robot
Connect the robot to the Safety Output Unit (N6), Safety Input Unit (N5) and safety relays.
The outputs of the Safety Output Unit (N6) and the inputs of the robot cannot be directly connected,
therefore they are connected through the safety relays.
Use the contact a of each safety relay L1 to L4.
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(N6)
So0 |
G |
So1 |
G ]
So2 |
G T
So3 |
G 1
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Robot

XUSR-3
Line emergency stop CH1

XUSR-16

XUSR-4

Line emergency stop CH2

XUSR-17

XUSR-5
Muted safety gate CH1

XUSR-18

XUSR-6
Muted safety gate CH2

XUSR-19

XUSR-1

User emergency stop CH1

XUSR-14
XUSR-2

User emergency stop CH2

XUSR-15
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NX-SIH400 Robot
(N3)

T1 XUSR-7

Emergency stop status command CH1

Si1 XUSR-20

XUSR-8

Emergency stop status command CH2

XUSR-21

— XUSR-9
Manual/auto status command

— XUSR-22

—— | XUSR-10
Manual/auto status command

— XUSR-23

I Wiring the Safety Relays for Operation Check

Connect the contact b of each safety relay L1 to L4 to the Safety Input Unit (N5) for checking the oper-
ation of each contact a.
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'NX-SOD400 | [ NX-SIH400
(N6) (N5)
So0 I TO
o

G .
So1 I
o
G I Si2
So2 | T1
'
G i
So3 |
6
G ' Si3

A-1-7  Settings and Programming

This section describes the settings and programming related to the safety functions.

Refer to the NX-series Safety Control Unit Instructions Reference Manual (Cat. No. Z931) for informa-
tion on the instructions for the Safety CPU Unit.

Refer to the NX-series Safety Control Unit User’s Manual (Cat. No. Z930) for information on the speci-
fications and how to configure the Safety Control Units.

| setting safety /0 Unit

Use the Sysmac Studio and set the safety functions of each safety 1/0 terminal.

Set the Safety Input Unit (N2) as shown below.

NJ-series Robot Integrated System Startup Guide (0049) A-13

-dinb3 aose|d-pue-y2id ayj 10} suonoun4 A}ajeg ayj jo ajdwexg Bujubisaq |-y

jusw

Buiwwesbold pue sbuipesg /-1-v



Appendices

Emergency stop Switch for Dual Channel Eguivatent] | EIP/Unit : NX-S1H400 (M2 : instancel)

—1 £i00 [EMO1

P s

J - 4 01 [EMO1
[—= w

Emergency Stag Switch for Dual Channel Equivalent]
si0z EmC2

%2:— Sibd (EMO2
. I' 7 #
m

T Test Output {recharscsl contact)
T1: Text Cutput {mechanicsl contact)

Set the Safety Input Unit (N3) as shown below.

Safety Light Curtain EIR/URitd : NX-SIHA00 (N3 : Instancel)
OSS01 L2 T
1 50z | S01 5107
v

Safety Light Curtain

= S0z Al
1 | o502 | 03 e
'

To: Net Used
T Nat Used

Set the Safety Input Unit (N4) as shown below.

Non-contact Door switch EIR/Unitd : NX-SIHA0D (N4 : Instanced)
L0 DO
. J L——'b $01 [DOORY
§ 10

contact Door switch

p CLIoizs

T0: Test Chtput fnon-contact SW)
TH: Test Output (non-contact SW)

Set the Safety Input Unit (N5) as shown below.
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Ravel Swich with Tevt Pules [ E1ouinies  t-S1k4400 (5  Instances)
@ -~ sion ST
| ™
Mechanical Contact for Singhe Channel
—1- 501 EDM_PSTOP
L el
DM Feedback
Beedback — sz TOM_ESTOR
} 1]
TOM Feedaatk
m e 03 ROM_PSTOR
T

T0: Test Qutprut mechanical contact]
T1: Tess Output {mechanical contact)

Set the Safety Output Unit (N6) as shown below.

[ B cie/unias : N-500400 (46 < instanced) | (F Rafays with Farcibly Guided Cantacts for Dual Ehanne)
EToRoUT 5000

(3R}
ESTOPOLT Se0n L @ = a

g
-dinb3 aose|d-pue-y2id ayj 10} suonoun4 A}ajeg ayj jo ajdwexg Bujubisaq |-y

g
A
jusw

"~ Relays with Forcibly Guided Contacts for Dual Channel

peTaRoUT <o &)

PETOROUT $e0d 2
oG <t ] Ty
0G <

Buiwwesbold pue sbuipesg /-1-v

I Registering Device Variables

Use the Sysmac Studio and set the device variables of each Safety I/O Unit.
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Position | 3 | R'W | Data Type | Variable |Vari omment| Variable Type |
¥ & NXBus

"~ INX Bus Master | _
~ EIP/Unit2 ¥ . NX-SIH400
] ¥ Safety Inputs and Status
5i00 Logical Value SAFEBOOL Global Variables
5i01 Logical Value SAFEBOOL
al Value 3 SAFEBOOL Global Variables
al Value SAFEBOOL EMO2
Safety Connection Status RS Tele]MIN? Safety Connection_Status K5lobal Variables
Safety Input Terminal Status SAFEBOOL
EIP/Unit3 ¥ . NX-5I1H400
: ¥ Safety Inputs and Status
5i00 Logical Value SAFEBOOL Global Variables
5i01 Logical Value SAFEBOOL SLC1
2 ical Value SAFEBOOL SLC2 Global Variables
5i03 Logical Value SAFEBOOL SLC2
Safety Connection Status LYi\a=:Tele/MIN_Safety_Connection_Status iGlobal Variables
Safety Input Terminal Status SAFEBOOL
EIP/Unit4 ¥ . NX-SIH400
¥ Safety Inputs and Status
5i00 Logical Value 3 SAFEBOOL Global Variables
5i01 Logical Value SAFEBOOL DOOR1
5i02 Logical Value SAFEBOOL DOOR2 Global Variables
S5i03 Logical Value SAFEBOOL DOOR2
Safety Connection Status 4 pyi=s: sl MINA Safety Connection_Status i5lobal Variables
; Safety Input Terminal Status SAFEBOOL
EIP/Unit5 w . NX-5IH400
i ¥ Safety Inputs and Status
5i00 Logical Value SAFEBOOL RST (Global Variables
5i01 Logical Value SAFEBOOL [Leleivicield LOCALSTOP [Global Variables

Logical Value 4 SAFEBOOL [delvESqrel: EDM_ESTOP i5lobal Variables
5i03 Logical Value R lele]MEDM _PSTOP EDM_PSTOP iGlobal Variables
Safety Connection Status B3 Tele]MINS _Safety Connection_Status iGlobal Variables

Safety Input Terminal Status SAFEBOOL
 EIR/Unit ¥ . NX-SOD400
. ¥ Status
Safety Connection Status L LT3 TeleMING_Safety_Connection_Status lobal Variables
Safety Output Terminal Status SAFEBOOL
¥ Safety Outputs
5000 Output Value SAFEBOOL [Z3[elieliiy ESTOPOUT KGlobal Variables
5001 Qutput Value SAFEBOOL ESTCPOUT
SAFEBOOL [gy[eizelijy PSTOPOUT Global Variables
SAFEBOOL PSTOPOUT

I Safety Programs

Use the Sysmac Studio to create variables and programs as shown below.

Create variables as shown below.
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Name

OC_ResetSignal 0

Externals

Data Type
0OC_ResetSignal

| Initial Value

FALSE

FALSE

RST_Qut BOOL
SF_EmergencyStop 0 SF_EmergencyStop
EMC1_Out SAFEBOOL
SF_EmergencyStop_1 SF_EmergencyStop
EMO2_Out SAFEBOOL
SF_ESPE O SF_ESPE

SLC1_Out SAFEBOCL
SF_ESPE_1 SF_ESPE

SLC2_Qut SAFEBOOCL
SF_GuardMonitoring 0 SF_GuardMenitori...
DOOR1_Cut SAFEBOOL

SF_GuardMonitoring_1

SF_GuardMonitori... |

DOOR2_Cut SAFEBOOL

SF_EmergencyStop_2 SF_EmergencyStop

LOCALSTOP_Out SAFEBOOL

ESTOPOUT_In SAFEBOOL

PSTOPOUT_In SAFEBOOL FALSE

SF_EDM_ 0 SF_EDM ESTOPOUT
SF_EDM_1 SF_EDM PSTOPOUT
Activate SAFEBOOL FALSE

Internals Data Type | Constant | Comment
RST SAFEECOL O
EMO1 SAFEROOL O
EMOZ2 SAFEBOOL O
sLCT SAFEBEOOL O
SLC2 SAFEBCOL O
DOOR1 SAFEBOOL O
DOOR2 SAFEEOOL O
LOCALSTOP SAFEBECOL O
ESTOPOUT SAFEBCOL O
PSTOPOUT SAFEROOL O
N2 _Safety_Connection_Status SAFEBOOL O
M3_Safety_Connection_Status SAFEEOOL O
M4_Safety_Connection_Status SAFEBOOL O
N5_Safety_Connection_Status SAFEBOOL O
ME_Safety_Connection_Status SAFEEOOL O
EDM_ESTOP SAFEBECOL O
EDM_PSTOP SAFEBCOL O

Create programs as shown below.
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A-18

B

H2 Safety Connection Status

N3 Safety Connection Status

N4 Safety Connection Status

N5 Safety Connection Status

N6 Safety Connection Status

|
|
|
|

L

OC_ResetSignal 0

& Activate

| OC_ResetSignal

RST ‘Reset

t£350ms |Reset PulseWidth

Reset5ignal Out

—RST_out

EMO1

5F EmergencyStop 0

| SF_EmergencyStop
Activate Activate Ready [—
EMO1 —§ EStopIn 5_EStopOut
FALSE 5 StartReset Error -
FALSE 5 AutoReset DiagCode [~
RST_Qut —Reset

EMO2
SF_EmergencysStop_1
SF_EmergencyStop
Activate Activate Ready —
EMO2 S_EStopIn S_EStopOut
FALSE S_StartReset Error —
FALSE S_AutoReset DiagCode —
RST_Out — Reset
SLC1
SF_ESPE 0
SF_ESPE
Activate Activate Ready —
sLcl S ESPE In S ESPE Out
FALSE S_StartReset Error —
TRUE S_RAutoReset DiagCode —
RST_ Out —Reset

EMO1_Out

EMO2_Out

SLC1_out
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%
-
o
[+
@,
(<]
) S
SLC2
SF_ESPE_1
| SF_ESPE
Activate Activate Ready — 5LC2Z_Out
SLC2 —5_ESPE_In S_ESPE_Out
FALSE 5_StartReset ErTor —
TRUE 5_AutoReset DiagCode —
RS5T Qut Reset

DOOR1
5F_GuardMonitoring O
| SF_GuardMonitoring

Activate Activate Readv — DOOR1 Cut
DOORL 5 GuardSwitchl 5 GuardMonitoring
DOORL ‘S_Gu.ardSw:Lr.chz ErTor
t#ls DiscrepancyTime DiagCode —

3 aoe|d-pue-)oid ayj 10} suoioun A}ajeg ayj jo sjdwexg Bu

FALSE ‘ 5 StartReset

jusw
-dinb

FALSE 5 RutoBReset

RST_Qut Beset

DOOR2
5F_GuardMonitoring 1
| SF_GuardMonitoring

Buiwwesbold pue sbuipesg /-1-v

Activate Activate Ready — DOOR2 Qut
DOOR2 5 GuardSwitchl 5 GuardMonitoring
DOOR2 ‘ 5 GuardSwitch2 Errori
t#ls DiscrepancyTime DiagCode —
FALSE 5 StartReset

FALSE 5 AutoReset

RST_Cut Reset

o

LOCALSTOP
5F EmergencyS5top 2
| SF_EmergencyStop
Activate Activate Readvy — LOCALSTOF Out
LOCALSTOP ‘ 5 EStopln 5_E5topOut
FALSE ‘ 5 StartReset Error—
FALSE 5 RutoReszet DiagCode —
B5T OQut *‘ Reget

NJ-series Robot Integrated System Startup Guide (0049) A-19



Appendices

A-20

10

11

12

13

g

[ ]

EMO1_Qut |
EMOZ_Cut |

LOCALSTOF Qut

ESTOPOUT In

SLC1 Out ‘ BSTOPOUT In
SLCZ_Cut ‘
DOOR1_Cut ‘
DCOR2 Cut
ESTOPOUT
SF EDM 0
| SF_EDM
Activate ‘Activate Ready —
ESTOPOUT_In ‘ 5_OutControl 5_EDM Out
EDM ESTOP ‘S_Enul Error -
EDM ESTOF ‘S_EDHZ DiagCode [—
t$300ms ‘Monit oringTime
TRUE 5 StartReset
R5T Qut Reset
PSTOPOUT
SF_EDM 1
| SF_EDM
Activate Activate Ready —
PSTOPOUT_In — 5 OutControl 5 EDM Cut
EDM PSTOP 5 EDM1 Error —
EDM PSTOP 5 EDM2 DiagCode —
t$300ms MonitoringTime
TRUE 5 StartReset
RST_Out Reset

ESTOPCUT

ESTOPOUT
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A-2 How to Use 3D Visualizer

This section describes methods to manipulate the viewpoint on a robot simulation.
Operations are performed on the 3D Visualizer in Sysmac Studio.

A-2-1 Set the 3D Visualizer to the Float Mode

The 3D Visualizer is displayed in the Dock mode by default in Sysmac Studio.

(B Mew Project - new_ Controller 0 - Sysmas Studio (645 - o X

J19ZI[ensIA € 9SN 0} MOH Z-Y

To enlarge the 3D Visualizer, display it in the Float mode, then resize it.

SPON 1e0|4 84} O} JdZl[ensIA A€ dUl 189S L-¢-V

1 Right-click the 3D Visualize tab, then select Float from the menu.

Auto Hide

Close

The 3D Visualizer gets into the Float mode.
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B New Project - new_ Controller 0~ Sysmas Studio (6abit) — m] x

The 3D Visualizer is enlarged.
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The following two methods are available to rotate the viewpoint:
» Using the 3D View Switching Tool
» Using the Rotate icon

>

This section provides the information about these two methods to rotate the viewpoint in the 3D Visu-
alizer.

I 3D view Switching Tool

The 3D View Switching Tool displayed at the right bottom of the window allows to switch the viewpoint.
The 3D View Switching Tool consists of three elements: Face, Corner, and Edge.
The operation procedure is illustrated with an example.

julodmalp 8y} 8)eloy zZ-z-v

1 Put the mouse pointer over the right edge of U. Then the pointed place turns black.

2 Click it, then the view is switched so that the clicked side faces you.

NJ-series Robot Integrated System Startup Guide (0049) A-23



Appendices

Clicking the left corner changes the view as shown below.

I Rotate icon

This section describes how to rotate the viewpoint by using the Rotate icon of the 3D Visualizer.

1 Click the Rotate icon on the 3D Visualizer.

2 Press and hold down the left button of the mouse, then drag to the direction you want to rotate
the viewpoint.
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Drag upward: Move the viewpoint downward
Drag downward: Move the viewpoint upward
Drag to the right: Move the viewpoint to the left
Drag to the left: Move the viewpoint to the right

19ZI[ENSIA @€ @SN 0} MOH Z-V

There are two modes in rotation.

>

Tumbler rotation | A 3D shape data can be viewed from any angle.

Turntable rotation | The viewpoint can be rotated clockwise or counterclockwise around the Z-axis of
the world coordinate system. Or the 3D shape data can be viewed in the range of
+90° vertically.

This section describes how to move the viewpoint on the 3D Visualizer.
Move the viewpoint downward so that you can see the entire robot.

Julodmalp By} ejelsuel] £-Z-Y

1 Click the Translate icon on the 3D Visualizer.
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An icon that shows the mouse pointer can translate the viewpoint on the 3D Visualizer ap-

pears.

2 Press and hold down the left button of the mouse, then drag to the direction you want to trans-
late the viewpoint.

E Additional Information

In addition to the operation mentioned above, pressing the mouse wheel and dragging to an in-
tended direction can translate the viewpoint.

This section describes how to zoom in or out on the 3D Visualizer.

1 Click the Zoom icon on the 3D Visualizer.

2 Press and hold down the left button of the mouse, then drag it.
Drag to the right: Enlarge the size (Zoom-in)
Drag to the left: Reduce the size (Zoom-out)
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19ZI[ENSIA @€ @SN 0} MOH Z-V

>

E Additional Information

Rotating the mouse wheel also enables zoom-in or -out.
The position of the mouse pointer represents the center of zooming in or out.

INO-WO0Z PUE UI-WO00Z $-2-\
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A-3 Setting Items on the Sysmac Studio
and the Setting Targets

The correspondences between the items in the Multiview Explorer of the Sysmac Studio and each
hardware are provided below.

If you select ApplicationManager0 for the device in the Multiview Explorer, the settings for the Appli-
cation Manager of the IPC Application Controller are available. If you select new_Controller_0, the
settings for a sequence control program of the Robot Integrated CPU Unit, and if you select
RobotControlSettings, the settings for a V+ program of the Robot Integrated CPU Unit are available.
Refer to the product manuals for details.

Setting items in the MultiView Explorer Setting target

[ [ E—r=—r=]
7

IPC Application Controller

ACE

Application Manager

> | Process Manager

| Recipe Manager

| ACE Sight

| Pack Manager

Robot Integrated CPU Unit %

| Sequence control program |

| Robot control parameters |

|V+ program |

[ | FoboContoiSenings v | | .
| Robot setting files |

b4 Confi
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A-4 Using Troubleshooting Functions

Refer to the Sysmac Studio Robot Integrated System Building Function with Robot Integrated CPU
Unit Operation Manual (Cat. No. W595) for the operation procedure of the troubleshooting functions
on the Sysmac Studio.

suonoung Bunjooysajqnouy Buisn p-v
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