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PREFACE

Before installing this product, please read the user manual thoroughly. Please follow the
instructions in the manual according to the installation procedure. The contents of this manual are
based on the version of the manual when it was written, and the information about the product

may have been changed without notifying the user in advance.

If you are unsure about the requirements, recommendations or safety procedures described in
this manual, please contact Rainbow Robotics. Some illustrations in this manual are intended to
help you understand the concepts and installation of the system and may differ from actual

products.

Rainbow Robotics Inc. owns copyright and intellectual property rights on all contents and designs of this
manual. Therefore, the use, replication, and distribution of Rainbow Robotics Inc. properties and
materials without prior written permission is strictly prohibited and corresponds to Rainbow Robotics'

infringement of intellectual property rights.

User is solely responsible for any misuse or alteration of the patent rights of this equipment. The

information contained in this manual is reliable.

The information provided in this manual is the property of Rainbow Robotics Inc. and may not be
reproduced in whole or in part without of Rainbow Robotics Inc's consent. The information contained in
this manual is subject to change without notice. This manual is an original instruction. For more information

onrevising the manual, please visit the website (www.rainbow-robotics.com).

© Rainbow Robotics Inc. All rights reserved
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CHAPTER 1. INTRODUCTION

1.1 RAINBOW ROBOTICS’ COLLABORATIVE ROBOTS

The RB product line from Rainbow Robotics is a series of collaborative robots. The RB series is
designed to be easily accessible and usable to anyone, such as laymen or enthusiasts. The RB
series is specialized to perform regular, continuous, and repetitive tasks in small and dense human
environments across various fields without any additional safety devices. The RB series provide

robotic solutions to increase productivity for your business.

B Intuitive usability: It is easy to set up and operate an RB robot unit. Experts and

nonexperts alike can use it effectively through the intuitive visual User Interface (Ul)
configuration.

B Convenience and safety: The RB series has external and self-collision detection

systems, which minimize accidents and injuries while providing a safe work environment for
the operator.

B Space efficiency: An RB unit can be applied to all types of production lines regardless of

space. It may be used in many different environments due to versatile configurations that
allow it to be installed on a variety of surfaces.
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1.2 SYSTEM CONFIGURATION

The system configuration of an RB is illustrated in the figure below.

,Af‘:“'i « Command &
g i Monitoring
O B

Power &
Communication

[Robot Arm] [Control Box] [EMO/Jog Interface]

[ Stand-type control box system configuration ]

% The product images are for illustrative purposes only, and the appearance may vary

depending on the product specifications.

m  Robot Arm: The Robot Arm is an industrial collaborative robot that can be used for
repetitive routine tasks, carrying small objects, or assembling parts. It can be used with

various third-party robotic grippers as well as various types of tools.

m  Control Box: The Control Box controls the movement of the robot arm based on user
programs contained on the Teach pendant/tablet PC. Digital and analog input/output

ports are available for connecting various devices and tools.

B Estop/Jog Interface (for stand-type control box): With the emergency stop switch,
the robot operation can be stopped. It comes with simple program flow control buttons

such as Play/Stop.

B Teaching Pendant/Tablet PC (optional): The Teaching Pendant/Tablet PC is an
external device on which a user can create programs and operate the system. It is used

to setup, program, and teach certain postures to the robot arm.
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The components of the provided robot system are as follows, and a total of two boxes

are included.

m Robot Arm

() The displayed item is an optional product.

Robot 1 Robot Arm 1 EA
Tool Box 2 Bolt, washer, wrench 1 SET
(3)  NSF model-specific tool — Base fixing tool 1 EA
(4) Tool I/O Cable 1 EA

% The NSF model-specific tool applies only to the components of the NSF model.

X The components listed in this manual may vary based on the robot specifications, and
product images are for illustrative purposes only, so they may differ from the actual

product.

10
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®m  Control Box

. ) 2;314,5:6;{7):8

--------------------

it provided
: & as freebies i

() The displayed item is an optional product.

System

Control Box 1 EA
Components
Accessory 2 AC Power Cable 1 SET
Box .

3 Robot - Control Box Connection Cable 1 EA
4 E-Stop/Jog Interface 1EA
5  Control Box Key 1 EA
6 1/0 Terminal Block (spare), Fuse 1 SET
(7) Tablet, Short USB Cable, Long USB Cable 1EA

Service Items Provided (e.g., USB, Velcro
8 . 1 SET each
for securing external cables, etc.)

% The appearance of the control box may change depending on the robot specifications.

11
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X It is recommended to use a 5m cable provided by the manufacturer for the AC power
cable and the robot arm — control box connection cable, and a cable under 3m provided
by the manufacturer for the emergency stop/jog interface cable. For shielded LAN cables,
I/O port connection cables, USB cables, and external wire lines for wire-pass models, it

is recommended to use cables under 3m.

X If users are connecting the 1I/O port of the compact Control Box to the outside, they
must install the cable fixing device in the hole provided at the bottom of the protective
cover. The manufacturer will not be responsible for any issues arising from improper

cable fixing.

X The items and components provided for service may change without notice.

12
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1.3 ROBOT ARM

RAINBOW
ROBOTICS

B Names of Each Part

zZ
o

®@Q ® © ® @ 0 6

©

®
®

®

Name
Base
JO : Base Joint
J1: Shoulder Joint
J2: Elbow Joint
J3: Wrist 1 Joint
J4 : Wrist 2 Joint
J5 : Wrist 3 Joint
Tool Flange
Teaching Button

I/0 Connector A(®@), B(@)
(Non E, E-Version : @ / U-Version : @,@®)

Robot-Control Box Connector

Description

Part for securing the robot

Part for attaching a gripper or tool to the robot

Button for direct teaching
Input/output ports for controlling the gripper or tool

Cable connection connector between the robot arm
and control box

13
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B Robot Arm Shape and Dimension Information

H
4
H (NN
I
|
[
|
O
G . _\
Y
<
7V A ]
J"é?ﬁ"
F (-
| E&‘
| I ﬂl'
e
o
]
(Unit : mm)
Model A B C D E F G H
RB3-730ES Series 730 145.3 286 344 100 117.15 110.7 94.6
RB6-920ES Series 920 165.5 400 423.3 96.7 1514 129.2 110.7
RB20-1900ES Series 1900 241 885 885 130 254.5 187.5 129.2

14
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§
=

/i
R/

=

»\'{,,.F
1 | .
(Unit : mm)
Model A B C D E F G H I
RB3-1200E Series 1200 165.5 566.9 522.4 110.7 151.4 1514 110.7 96.7
RB5-850E Series 927.7 165.5 425 392 110.7 151.4 1514 110.7 96.7

RB10-1300E Series 1300 197 612.7 57015 11715 1875 1514 11715 1153
RB16-900E Series 900 197 4127  370.15 11715 1875 1514 11715 1153
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B Usage of RB5-850EA#, RB3-1200EA#, RB10-1300EA#, RB16-900EA#, RB6-
920ESA#, RB20-1900ESA# (Pneumatic/Electric Cable Built-in Models)

[ Electric Line Passing Models ]

\ 0 00
(] o

00
06 o

SU-20SBR1-12S8

[ RB5-850EAT, RB3-1200EA1, RB10-1300EA3, RB16-900EAT, RB6-920ESA1, RB20-1900ESA1 |
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[ RB5-850EA2, RB3-1200EA2 ]

[ RB10-1300EA1, RB16-900EA2, RB20-1900ESA? |

[ RB10-1300EA2]

RAINBOW
ROBOTICS
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X The pneumatic and electric lines of models RB5-850EA#, RB3-1200EA#, RB10-1300EA#, RB16-
900EA#, RB6-920ESA#, and RB20-1900ESA# are provided as shown in the table below. Please refer

to the diagram for usage.

Model Pneumatic Line Electric Line
RB5-850EA1 Up to 4 (40 pneumatic tubes) None
RB5-850EA2 Up to 5 (40 pneumatic tubes) 12-pin (AWG28)
RB3-1200EA1 Up to 4 (4@ pneumatic tubes) None
RB3-1200EA2 Up to 5 (4@ pneumatic tubes) 12-pin (AWG28)

RB10-1300EA1 1 (89 pneumatic tubes) None
RB10-1300EA2 1 (89 pneumatic tubes) 12-pin (AWG28)
RB10-1300EA3 Up to 4 (49 pneumatic tubes) None
RB16-900EA1 Up to 4 (49 pneumatic tubes) None
RB16-900EA2 1 (89 pneumatic tubes) None
RB6-920ESA1 Up to 4 (40 pneumatic tubes) None
RB20-1900ESA1 Up to 4 (40 pneumatic tubes) None
RB20-1900ESA2 1 (8¢ pneumatic tubes) None

¥ The number of pneumatic lines should be adjusted after checking the operating range.

A WARNING

Warning:

1) For pneumatic/electric cable built-in models, passing pneumatic pressure or power

beyond the defined specifications may damage the hardware.
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1.4 ROBOT CONTROL BOX

RAINBOW
ROBOTICS

Front, Bottom, and Interior of the Control Box.

m Stand Control Box (CB06, CB06-1)
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Inner case view
No. Name
@ AC Input Power Connector
@) AC Main Power Switch
® AC Fuse Holder
@ Robot Arm Connector (10-pin)
® E-STOP/JOG Connector
® LCD
@ Boot-up switch
I/O port
©) USB/LAN connector
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B Compact Control Box (CBO7)
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No. Name
AC Input power connector
AC Main power switch
AC fuse holder
E-STOP/JOG connector
Robot Arm Connector (10-pin)
Boot-up switch
LCD
USB/LAN connector

©®00®e 0 06

I/O port
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m DC Control Box (CB08)
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Name

pd
S

DC Main Power Switch (Miniature Circuit Breakers)
DC Power Input
Robot Arm Connector (12-pin)
E-STOP/JOG connector
Boot-up switch
LCD
USB/LAN connector

CHCRORCRCRCONMONC)

I/O port

21



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

1.5 TABLET PC (OPTIONAL)

The teaching pendant/tablet PC is an optional accessory.

m For Control Box

X If you do not select the tablet PC option, we provide a dedicated application for operating,

controlling, and teaching the robot arm. You can download it from our company's website.

X Tablet setup is required for use with RB products. See the Appendix.
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1.6 ROBOT OPERATING RANGE

An RB robot consists of six joints. The axes of rotation and joint limits are illustrated in the

following section.

[ix]
ol

]
.

4T

SN
\\{‘ __‘ ,;' '_ .
i
BV
Joint Range
J1 +360 °
J2 +360 °
J3 +165°/+150 °
Ja +360 °
J5 +360 °
J6 +360 °
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1.7 ROBOT WORKSPACE

The maximum reach radius when the robot arm is fully extended is as follows:

RB5-850E Series: 927.7mm, RB10-1300E Series: 1300mm, RB3-1200E Series: 1200mm, RB16-900E
Series: 900mm, RB3-730ES Series: 730mm, RB6-920ES Series: 920mm, RB20-1900ES Series: 1900mm.
The area directly below or above the robot base (the A area and its surroundings in the diagram
below) is a restricted work area. There is no issue when using joint coordinate system movements
(e.g., Move J), but in movements using the Cartesian coordinate system (e.g., Move L), passing
through this area is restricted. This area is a mechanical singularity point, and using the Cartesian

coordinate system in this region can generate rapid joint speeds or cause the robot to stop.

R 927.7mm(RB5-850E series)

R 1200mm({RB3-1200E series)

R 1300mm({RB10-1300E series)
R 900mm(RB16-900E series)

R 150mm R 730mm(RB3-730ES series)

R 920mm(RB6-920ES series)

R 1900mm({RB20-1900ES series)

A. Singularity point area (a restricted area for movement when using Cartesian coordinates)

B. Robot's operable work area

Tilt View Front View
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1.8 ROBOT ARM MAXIMUM LOAD CAPACITY

The payload of the robot arm varies depending on the distance between the tool flange and the

center of gravity of the payload. The payload capacity by distance is as follows:

A7 LB £ HEE = AsUIT
RB3—1200E Series RB5—-850E Series
Paylcad [kg] Payioad [kal
.
.
Centter of gravily ofiset [mm] Center of grawity offset [mm]
RB10—-1300E Series RB16—-900E Series
Payload [kg] Payload [kg)
R
.
.
Cenler of gravity offsel [mm Center of gravity ofiset [mm]
RB3—-730ES Series RB6—920ES Series
Payload [q] Payload [kg]
.
,
Cenler of gravily offse! [mm] Center of gravity offset [mm]
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RB20-1900ES Series

Payload [kg|

20

16

0 200 400 500 Ho0

Center of gravity offset [mm)]
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CHAPTER 2. SAFETY & PRECAUTIONS

2.1 SAFETY INDICATIONS

The following safety warnings are used in this manual.

& DANGER

Danger:

Failure to follow instructions marked with this symbol may result in severe harm, which could

result in serious injury or death.

A WARNING

Warning:

Failure to follow the instructions with this symbol may result in an accident, which could result

in serious injury to the user.

A CAUTION

Caution:

Failure to follow directions marked with this symbol may result in damage to the product or

injury to users.
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2.2 GENERAL SAFETY WARNING & PRECAUTIONS

This section contains general hazards, warnings, and cautions that will be repeated or further

explained elsewhere in this manual.

DANGER

Danger:

1) Robots and electrical equipment must be installed according to the instructions

from Chapter 4. Installation.

WARNING

Warning:
1)  Robot users and robot application system manufacturers should be familiar with the
contents of this manual. In addition, they should complete operational training.
2) Make sure enough space is provided for the robot arm to move freely.

3) When using the robot, do not wear loose clothes or jewelry. Long hair should be tied so

that it does not get caught in the joints of the robot.
4) Never operate a broken or faulty robot.

5) If a fatal error occurs in the software, immediately hit the emergency switch to stop the

robot, and then contact your supplier or Rainbow Robotics.

6) Check that the robot installation angle, tool setting, safety setting, etc. are entered

correctly.

7) Do not connect safety equipment to the general use 1/0O ports in the back of the control

box. Safety equipment should only be used with safety-related 1/O ports.
8) Watch out for the movement of the robot when using the teaching pendant.

9) During the operation of the robot, do not enter the operating range of the robot, and do

not touch the robot while it is operating.
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10)

11)

12)

13)

14)

15)

16)

17)

Never modify the robot without the support of Rainbow Robotics. Rainbow Robotics
(hereinafter "the manufacturer") bears no responsibility/liability for any problems caused

by user's modification or modification of the product.

Both the robot arm and the control box generate heat when used for a long time. Do
not touch the robot after long use. If the user needs to touch the robot, make sure to

turn off the controller and allow the robot to cool down before touching.

When the robot collides with an external object, a considerable amount of kinetic energy
is generated. This kinetic energy is proportional to the speed of the robot and the

payload.

Confirm that you are using the recommended installation settings for the robot. The
teaching or collision detection functions may not work properly if the robot arm's
mounting configuration, tool weight, tool center of gravity, length, safety configuration,

etc. are not entered correctly.

The teaching function should only be used in a safe environment. Do not use this

function when there are hazards nearby.

Before using the teaching function, input the relevant information (tool length, weight,
center of gravity, etc.) accurately. Not entering the accurate relevant specifications will

cause malfunctions when using the direct teaching function.

If the robot joints move at an unsafe speed when using the direct teaching function, the

user can force the robot to stop with the emergency switch for their safety.

Robotic arm and control box generate heat during operation. Do not touch the robot
arm during operation or immediately after operation as continuous contact with the
robot arm may cause it to malfunction. Before manipulating or touching the robot arm,
make sure to check the temperature reading on the Ul screen or turn off the robot arm.

Please wait at least 1 hour to cool it down before touching.
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CAUTION

Caution:

1) When using with a machine or another robot that can damage the robot arm, it is
recommended to test all functions separately before use. The manufacturer is not liable

for any programming errors, damage to the RB, or damage to other machines due to
robot malfunctions.

2) Do not expose the robot to strong magnetic fields as the robot may be damaged.

Warning:
1) Attach a warning label to the spot where there is a danger of electric shock from the
electric device.

2) Do not tear, damage, or remove the cover. Be careful when handling parts or devices

with a label attached, as well as surrounding components.

3) To avoid electric shock, do not touch the internal electric parts.
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2.3 USAGE & FUNCTIONALITY

The robot arm is intended to be used for transferring and assembling objects by utilizing tools
and should only be operated in the environment specified in the description. It is possible to
operate it without a physical protective barrier. However, a safety mechanism should be used after
performing the risk evaluation for the whole system. The use of the robot in any of the following
applications and environments is considered improper use, and the manufacturer is not liable for

any direct or indirect damage to the robot or accidental, consequential damage.

B Use in any potentially explosive environment

B Medical and life-related uses

B Human and animal transport

B Any use without risk assessment

B Any use in places where the performance of the safety function is insufficient

B Any use beyond performance / environmental specifications

X Improper use is not limited to the above items.
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2.4 POTENTIAL SAFETY ISSUES

Additional protective measures must be taken if the final system is deemed unsafe or unable to

adequately reduce risk. Users should consider the following potential risks:

B Injury (stenosis), which may occur when a finger is caught between the gears, etc.
B Injury (stabbing, penetrating) by sharp edges or edges of the tool
B Injury (stabbing, penetrating, falling) caused by objects located near the robot

B Injury that can occur when working with toxic and harmful substances (skin damage,

dyspnea)
B Injury caused by collision with the robot (stump, fracture)
B Injury that may occur due to not fully fastening objects

B Injury from an object that has detached or dropped from the tool mount

X Potential risks that may occur depending on the final system may be different.
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2.5 LIABILITY LIMITATIONS

This manual does not cover all peripherals that affect safety. The system installer must comply
with safety requirements in accordance with national safety regulations and the laws of the
country where the robot arm is installed. The robotic arm consists of an end-coupled system of
peripherals. This manual also does not cover all peripherals, including the design, installation,
operation and safety of the final system. The final system to which the robot arm is applied must
be designed and installed to meet safety requirements in accordance with the regulations and

laws of the country where the system is installed.

The operator or the installer of the final system containing the robot arm is responsible for:

B Risk assessment of the final system

B Risk assessment of whether to add additional safeguards

B Ensuring that the system is properly designed, configured, and installed
B Definition of usage for the system

B [dentification of important markings and contacts for use and safety

B Providing technical documents, such as manuals

% Not limited to the above items. Complying with the safety instructions in this manual does not

imply that you can avoid all risks that may occur.
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2.6 SHIPPING & TRANSPORTATION

At least two people are required for transportation. Any damages to the robot incurred during

shipment or transportation are excluded from the warranty.

WARNING

Warning:
1) Be careful not to damage the product during transportation. Damages incurred during
transportation will void the warranty.

2) When transporting the robot arm, strong vibration or shock may damage the system.

The robot must be transported using the packaging box provided by the manufacturer.

B Precautions When Transporting
1. When Transporting by Hand
When lifting and moving the robot, hold the lower part of the robot, near the base axis.

If this is not followed, critical issues may occur with the robot, and the manufacturer will

not be responsible for any resulting damage.

1
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2. When Transporting with a Wire Rope

Use a strong wire rope that can withstand the weight of the robot. When securing the
rope to the robot, attach it to the areas indicated in the diagram below before

transporting.

¥  When using lifting equipment to transport the robot, please adhere to the weight and
transport standards for the region or country. The manufacturer is not responsible for

any damage caused during the transportation of equipment.
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2.7 EMERGENCY STOP

The emergency stop button can be used to forcefully stop the robot arm if there is an

emergency. By pressing the emergency stop button, the user will stop commands sent from the
robot control box and terminate any motion.

The section below describes how the emergency stop button for control box works.

B Emergency Stop

Users can stop the robot arm immediately by pressing the EMERGENCY STOP button.

[ Aeow
ROBOTICS

B Re-Activating from Emergency Stop

Turning the EMERGENCY STOP button in clockwise direction.

!

[ Raeaw
ROBOTICS

N/

cORO=
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2.8 USER SAFETY

For the user's safety, please note the following:
B Powerless robot operation

In case of an emergency, or in any situation without power, the user can move the robot arm by
forcing the joints into a different configuration (forced back driving). To perform forced back
driving, the user must push or pull the robot arm firmly. Please ensure that the robot is not

powered-on while performing forced back driving.

CAUTION

Caution:

1) If excessive force is applied to the joints in the non-powered state, please be aware that
the driving part may be overloaded. The manufacturer is not responsible for any damage

caused by excessive force.
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2.9 SAFETY CONTROLLER

The Safety Control System for the Rainbow Robotics robot models listed below meets ISO 13849-
1 Cat3. PLd standards:

RB5-850E Series, RB3-1200E Series, RB10-1300E Series, RB16-900E Series, RB3-730ES Series, RB6-
920ES Series, RB20-1900ES Series
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2.10 RISK ASSESSMENT

Risk assessment is a crucial factor when configuring a system that includes a robotic arm. The
safety of the robot installation depends on how the arm is integrated into the overall system,
meaning a risk assessment cannot be done based on the robot alone. To conduct a risk
assessment for the robot, users who configure systems that include the robot must follow the
guidelines of ISO 12100 and ISO 10218-2 when installing and operating the robot. Additionally,
refer to technical standard ISO/TS 15066.

The risk assessment must be conducted immediately after the robotic arm is installed. The main
focus of the risk assessment is to determine the safety configuration suitable for the surrounding
environment and robot settings, as well as the need for additional emergency stop buttons and

protective measures.

The safety-related functions of the collaborative robot can be configured in the safety

configuration menu. The menu provides the following functions.

B |/O settings: The control box can be set to output safety information through the output

terminal.
B Speed control: Allows the user to control the moving speed of the robot arm.

B Collision Detection Sensitivity Adjustment: When the robot collides with a nearby object,
it will stop. However, the user can control the sensitivity at which the arm detects the

collision.

If the risks are not sufficiently reduced or eliminated by the above safety functions, additional

protective measures should be installed to eliminate risks.

The manufacturer is not responsible for accidents that occur due to failure to follow international

standards, domestic regulations, or failure to review the above risk assessment during installation.
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CHAPTER 3. SAFETY FUNCTIONS

3.1 INTRODUCTION

This chapter contains important safety information, which must be read and understood by the

integrator of the RB Series collaborative robots before the robot is powered on for the first time.

RB Series can protect users and devices by providing various safety functions and safety device

interfaces. Safety functions and interfaces meet Category 3, Performance Level d (PL d) as described
in ISO 13849-1 and Hardware Fault Tolerance 1, Safety Integrity Level 2 (SIL 2) as described in IEC

62061.

CAUTION

Caution:

1)

Depending on the case of the robot installation, the system integrator must perform a risk
assessment, and accordingly, the workspace must be configured using safety monitoring

functions and interfaces.
If a fault is found in the robot's safety function or interface, Stop Category 0 is initiated.

Examples of defects include broken cables in the emergency stop circuit, incorrect wiring
of additional safety devices, and non-overlapping wiring of additional safety devices (refer

to Section 5 of this chapter).

System integrators and operators must be aware that there is a safety monitoring function
that the robot performs internally, and the safety detection function is not only the
operation of the emergency stop switch, the operation of the protective stop device, but
also the position of the robot arm during task execution. The robot can be stopped in the
designated stop mode even for movements above the physical limit, such as speed,

momentum, etc. (See Section 3 of this chapter for the safety monitoring function).

System integrators and operators should consider the time and stopping distance between
the robot stopping due to the operation of the error and safety monitoring functions
described above. The system integrator must conduct a risk assessment considering the

stopping distance and time (see Section 4 of this chapter).
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6)

Danger:

System integrators and operators are aware of the fact that there is a safety monitoring
function to limit the movement of the robot's joints and the robot/TCP, and must select
the range of motion of the robot. TCP refers to the position to which the offset is added

from the center point of the end of the robot arm.

DANGER

The system integrator must conduct a risk assessment before applying power to the robot,
and if it is used differently from that determined by the risk assessment or if different

parameters are used, a risk that is not sufficiently reduced may occur.

When connecting additional safety devices, the power of both the robot and the control

panel must be cut off.

When installing an additional safety device, measures must be taken to ensure that there
is no problem when using it mechanically. For example, when using a light curtain, it must
be firmly fixed to the floor/fixture, and movement and vibration must not occur during

robot operation.

All safety function interfaces are set to 24V. Be careful when connecting devices with

different voltages as it may cause equipment damage and fire.

The signal from the device mounted on the Tool Flange is not included in the safety

function. Do not connect the safety device to the Tool Flange cable.
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3.2 STOP CATEGORY

The safety function allows the robot to initiate three types of stop categories defined by IEC 60204-
1.

Stop o
Description
Category
Immediately, the robot is turned off and stopped.
g * Joint brake wear & tear may occur, which may shorten the lifespan
(STO] of the robot. Do not use it unless it is unavoidable.
** Because the power of the robot is shut off, it is necessary to
restart it when using it again after removing the danger.
All joints of the robot are decelerated to the maximum and stopped,
1 and then the power is shut off to stop.
[SS1] * Since the power of the robot is shut off, it is necessary to restart it
when using it again after removing the danger.
All the joints of the robot are decelerated to the maximum, stop,
and then enter the SOS state.
5 * SOS: Maintains the current position while the robot is powered on
(5521 and activated, and starts Stop Category 0 when a position change is

detected.
** Since the power is not shut off, it can be used immediately after

removing the danger.

CAUTION

Caution:

1) According to ISO10218-1 5.5.2 and 5.5.3, a suitable stop category for emergency stop and

protective stop should be selected.
2) For an emergency stop, you must select from stop category 0 or 1.
3) For an emergency stop, activation is required.
4) For a protection stop, at least one must be selected from stop categories 0 and 1.

5) For additional protection stops, stop category 2 can be used.
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3.3 FUNCTIONAL SAFETY

The manufacturer recommends the following conditions are met for the installation location. The
safety functions of the collaborative robot RB Series are used to reduce the risk of the robot

system determined by risk assessment.

The parameters of the safety function are set at the factory, and the system integrator can change
some items according to the risk assessment. Position and speed items are defined based on the

base of the robot.

The following is the safety function specifications provided by RB Series.

Safety Function
SF.1 STO (Safe Torque Off)
SF.2 SS1 (Safe Stop 1)

Safety stopping
functions
SF.3 SS2 (Safe Stop 2)

SF.4 SOS (Safe Operating Stop)
SE.5 SLP (Safely-Limited Position)
SF.6 SLS (Safely-Limited Speed)
SF.7 SLA (Safely-Limited Acceleration)

Safety monitoring

functions

SF.8 SLI (Safely-Limited Increment)
SF.9 SLT (Safely-Limited Torque)
SF.10 RPL (Robot Position Limit)
SFE11 TSL (TCP Speed Limit)
SF.12 CBPL (Control Box Power Limit)
Emergency stop SF.13 EMS1 (Emergency Stop1)
SF.14 EMS2 (Emergency Stop2)
Protective stop SE.15 PRS (Protective Stop)
SF.16 HSS (Hard Safeguard Stop)

SF.17 SSS (Soft Safeguard Stop)

PL & Category
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3
PL d, Category 3

- STO(Safe Torque Off): This function prevents force-producing power from being provided to the
motor. Power, that can cause rotation, is not applied to the motor. This safety sub-function

corresponds to an uncontrolled stop in accordance with stop category 0 of IEC 60204-1.
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- SS1(Safe Stop 1): This function is specified as either a) SS1-d (Safe-Stop 1 deceleration controlled)
initiates and controls the motor deceleration rate within selected limits to stop the motor and
performs the STO function when the motor speed is below a specified limit; or b) SS1-r (Safe-Stop
1 ramp monitored) initiates and monitors the motor deceleration rate within selected limits to stop
the motor and performs the STO function when the motor speed is below a specified limit; or c)
SS1-t (Safe Stop 1 time controlled) initiates the motor deceleration and performs the STO function
after an application specific time delay. This safety sub-function corresponds to a controlled stop
in accordance with stop category 1 of IEC 60204-1. Above three candidates, our system uses SS1-
t.

- SS2(Safe Stop 2): This function is specified as either SS2-d (Safe Stop 2 deceleration controlled)
initiates and controls the motor deceleration rate within selected limits to stop the motor and
performs the safe operating stop function when the motor speed is below a specified limit; or b)
SS2-r (Safe Stop 2 ramp monitored) initiates and monitors the motor deceleration rate within
selected limits to stop the motor and performs the safe operating stop function when the motor
speed is below a specified limit; or ¢) SS2-t (Safe Stop 2 time con-trolled) initiates the motor
deceleration and performs the safe operating stop function after an application specific time delay.
This safety sub-function SS2 corresponds to a controlled stop in accordance with stop category 2
of IEC 60204-1. Above three candidates, our system uses SS2-t.

- SOS(Safe Operating Stop): This function prevents the motor from deviating more than a defined
amount from the stopped position. The PDS (SR) provides energy to the motor to enable it to resist
external forces. This description of an operational stop function is based on implementation by

means of a PDS (SR) without external (for example mechanical) brakes.

- SLP(Safely-Limited Position): This function prevents the motor shaft (or mover, when a linear

motor is used) from exceeding the specified position limit(s).

- SLS(Safely-Limited Speed): This function prevents the motor from exceeding the specified speed
limit.

- SLA(Safely-Limited Acceleration): This function prevents the motor from exceeding the specified

acceleration and/or deceleration limit.

- SLi(Safely-Limited Increment): This function prevents the motor shaft from exceeding the

specified limit of position increment within specified time.

- SLT(Safely-Limited Torque): This function prevents the motor from exceeding the specified torque

(or force, when a linear motor is used) limit.

- RPL(Robot Position Limit): This function prevents the robot arm’s TCP (tool center point) or body

frame exceeding the specified spatial region.
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- TSL(TCP Speed Limit): This function prevents the robot arm’s TCP speed exceeding the specified
speed.

- CBPL(Control Box Power Limit): This function prevents the Control Box's power consumption

exceeding the specified limit.

- EMS1(Emergency Stop1): This function activates the stop mode when the emergency stop switch

of the Teaching Pendant Unit is activated. The stop mode is the SF.2.

- EMS2(Emergency Stop2): This function activates the stop mode when the special I/O ports of
the Control Box are activated. Those ports are provided for users to connect their own switch

devices. The stop mode is the SF.2.

- PRS(Protective Stop): This function activates the stop mode when the special I/O ports of the
Control Box are activated. Those ports are provided for users to connect their own protective devices.
The stop mode is the SF.2.

- HSS(Hard Safeguard Stop): This function activates the stop mode when the special 1/O ports of
the Control Box are activated. Those ports are provided for users to connect their own protective

devices. The stop mode is the SF.1.

- SSS(Soft Safeguard Stop): This function activates the stop mode when the special 1/0 ports of
the Control Box are activated. Those ports are provided for users to connect their own protective

devices. The stop mode is SF.3.
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3.4 SAFETY DEVICE MOUNTING LOCATION

In addition to the basic emergency stop switch, the RB Series can be equipped with additional

safety devices required by the system integrator through risk assessment.

The safety-dedicated contact terminal consists of 16 ports. This terminal is a redundant dedicated

contact input terminal.
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The additional ports can be equipped with 4 equipment. The robot is delivered with a default

configuration, which enables operation without any additional safety equipment.

When using without connecting an external safety device, connect and use the basic contact input

as shown below.
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Safety device port specifications are as follows.

m EMO

This port is used when it is necessary to install an extra emergency stop switch through risk

assessment.
The emergency stop switch should be used as a product conforming to IEC 60947-5-5.

Emergency stop generated through EMO is designated as stop category 1.

® PRS
This port is used to connect one or more protective stop devices through risk assessment.
Protective stop devices must be used in accordance with 5.3.8.3 of ISO 10218-2.

Protection stops occurring through PRS are designated as stop category 1.

H HSS

This port is used to connect one or more protective stop devices through risk assessment.
Protective stop devices must be used in accordance with 5.3.8.3 of ISO 10218-2.

Protection stops occurring through HSS are designated as stop category O.

H SSS

This port is used to connect one or more protective stop devices through risk assessment.
Protective stop devices must be used in accordance with 5.3.8.3 of ISO 10218-2.

Protective stops that occur through SSS are designated as stop category 2.
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3.5 EMERGENCY STOP SWITCH

The collaborative robot RB Series allows the operator to use the emergency stop switch to stop the

robot in preparation for an emergency situation.

In the event of an emergency, you must press the emergency stop switch button to immediately

stop the robot.

1) The emergency stop switch is designated as stop category 1.

2) You can cancel the emergency stop function by turning the emergency stop switch

clockwise.

3) If you need an additional emergency stop switch, you can use it through the control panel.

4) Emergency stop should not be used as a risk reduction method, but should be used as a

secondary protective device.

RAINBOW
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3.6 OPEATION MODE

The operation mode of the collaborative robot RB Series is composed as follows.

When entering the automatic mode, you must access it through a password.

RB Series

Initialize Mode
[Set-up]
Auto Mode _— Manual Mode
[Play] — [Make]

CAUTION

Caution:

1) The password for entering automatic mode is not set at the time of shipment. Set up

and use a password so that no one else can access it.

2) Before entering Auto Mode, the user must remove the dangerous situation and check

the status of the emergency stop switch and the protective stop device.
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3) In any case, the user must correctly grasp the installation state of the robot and

complete the setting before operating the robot.

B Initialize Mode [Set-up]

Peripheral device settings or robot status can be set before the robot moves.

Overall settings for robot motion such as workspace, TCP offset, and payload can be made. At this

time, power is not supplied to the motor. The motor can be powered through the activation action.

B Auto Mode [Play]

The robot is in a state where only predefined tasks are performed without user intervention. At this

time, power is supplied to the motor.

The motion of the robot programmed through the simulation function can be verified through

simulation, and the robot can be driven by the verified program by converting it to a real state.

At this time, the robot is performing pre-set safety functions, and the user can monitor the status

of the robot and peripheral devices through the Play window.

B Manual Mode [Make]

It is a state in which the robot is operated through direct actions of the user. At this time, power is
supplied to the motor. Direct teaching, program creation and modification, and manual operation
of peripheral devices can be performed, and the robot can only be operated at the moment the

user operates the tablet through the safe speed slide bar.

When you release your hand from the safety slide, the robot will stop moving immediately.

A CAUTION

Caution:

1) In case of manual operation, the safety slide function must be set.
2) At initial shipment, the safety slide function is deactivated.

3) In addition, when using a 3-position enabling device, it must be used in accordance with
5.8.3 of ISO 10218-1.
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3.7 OPERATING ENVIRONMENT
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In order to keep the robot in a safe state for a long time, it must be used in the following

environment.

Maximum allowable operating temperature
Maximum permissible storage temperature
Minimum allowable operating temperature
Minimum allowable storage temperature
Maximum permissible humidity

Lowest permissible humidity

50°C
60°C
0°C
-5°C
80%
20%
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3.8 MAINTENANCE OF SAFETY FUNCTIONS

In order to keep the robot in a safe state for a long time, it is necessary to continuously check the

safety functions.

Safety Inspection Managers need periodic inspections for the following items. If during the

inspection you find a problem that cannot be solved by yourself, contact the manufacturer.

Inspection target Check List Period
Check whether the emergency stop switch
Safety ] ]
) mounted on the pendant is working 1 Month
Function
Pendant properly.

Check the condition of the connection cable
Cable 1 Month
between the pendant and the control box.

Check whether the EMO port to which the

safety device is connected is working 1 Month
properly.

Check whether the PRS port to which the

safety device is connected is working 1 Month

properly.

Interface .
Check whether the HSS port to which the
safety device is connected is working 1 Month
properly.
Check whether the SSS port to which the
Control Box
safety device is connected is working 1 Month
properly.
Check the normal output of 24V voltage
] ) 1 Month
connecting the safety device.
Power
Check if the 24V fuse is inserted normally. 1 Month
Check the condition of the connection cable
Cable between the safety device and the control =~ 1 Month

box.
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B Safety Function Board Specification

Inside the control box, there is a built-in safety function board to drive the RB Series.

The information of the LED indicating the operation status of the board is as follows.

LR LR ] ];,.il

120 1 I|II 3..‘

12V, 5V, 3V3 : Power LEDs
A, B : SFU-MCU 1 Status
C. D : SFU-MCU 2 Status
E, F : Communication Status
0OS : Watch-dog

Connector information connected to the board is as follows.

Power Switch TTand Resistor Robot Arm Main Power SMPS
CLCD Controller Connector Input Manager
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3.9 APPLIED STANDARDS
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Standard

IEC 61508-1:2010

IEC 61508-2:2010

IEC 61508-3:2010

IEC 61508-4:2010

IEC 61508-5:2010

IEC 61508-6:2010

IEC 61508-7:2010

IEC 60204-1:2016

IEC 61000-6-1: 2016

Title

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 1: General
requirements

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 2: Requirements
for electrical/electronic/programmable
electronic safetyrelated systems

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 3: Software
requirements

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 4: Definitions and
abbreviations

Functional safety of
electrical/electronic/programmable electronic
safety-related system — Part 5: Examples of
methods for the determination of safety
integrity levels

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 6: Guidelines on
the application of IEC 61508-2 and IEC 61508-3

Functional safety of
electrical/electronic/programmable electronic
safety-related systems — Part 7: Overview of
techniques and measures

Safety of machinery — Electrical equipment of
machines — Part 1: General requirements

Electromagnetic compatibility (EMC) - Part 6-1:
Generic standards — Immunity standard for
residential, commercial and light-industrial
environments
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IEC 61000-6-2: 2016

IEC 61000-6-7: 2014

IEC 61326-3-1: 2017

IEC 61800-5-1: 2007

IEC 61800-5-2: 2016

IEC 62061:2005

ISO/TS 15066: 2016

1ISO 10218-1: 2011

ISO 10218-2: 2011

1ISO 12100:2010

ISO 13849-1: 2015

1ISO 13849-2: 2012

RAINBOW
ROBOTICS

Electromagnetic compatibility (EMC) - Part 6-2:
Generic standards — Immunity standard for
industrial environments

Electromagnetic compatibility (EMC) — Part 6-7:
Generic standards — Immunity requirements for
equipment intended to perform functions in a
safety-related system (functional safety) in
industrial locations

Electrical equipment for measurement, control
and laboratory use — EMC requirements — Part
3-1: Immunity requirements for safety-related
systems and for equipment intended to perform
safety-related functions (functional safety) —
General industrial applications

Adjustable speed electrical power drive systems
- Part 5-1: Safety requirements —Electrical,
thermal and energy

Adjustable speed electrical power drive systems
- Part 5-2: Safety requirements — Functional

Safety of machinery — Functional safety of
safety-related electrical, electronic and
programmable electronic control systems

Robots and robotic devices — Collaborative
robots

Robots and robotic devices — Safety
requirements for industrial robots — Part 1:
Robots

Robots and robotic devices — Safety
requirements for industrial robots — Part 2:
Robot systems and integration

Safety of machinery — General principles for
design — Risk assessment and risk reduction

Safety of machinery — Safety-related parts of
control systems — Part 1: General principles for
design

Safety of machinery — Safety-related parts of
control systems — Part 2: Validation
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CHAPTER 4. INSTALLATION

4.1 INTALLATION PRECAUTION

Robot installers must install and operate the robots in accordance with the guidelines of ISO
12100 and ISO 10218-2, and installers must comply with the relevant requirements of
international standards such as ISO / TS 15066 and national laws.

The manufacturer is not responsible for any accidents caused by risks that do not comply with the
relevant requirements provided by international standards, risks that do not comply with the
relevant requirements provided by national laws and regulations, or those caused by failure to

review the risk assessment in the previous chapter.
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4.2 INSTALLATION LOCATION

The manufacturer recommends the following conditions are met for the installation location.

B Building with seismic design

B No leakage

B No flammable or explosive material
B Constant temperature and humidity

B Limited dust inflow

CAUTION

Caution:

1) If the system is not installed in a location that matches the recommendations, the

performance and lifespan of the robot may be reduced.
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4.3 EXAMPLES OF INSTALLATION

The robot arm can be installed on the floor, wall, or any desired location, and it can also be

mounted on a fixed post. The fixed post is not included with the product.

Additionally, it can be installed on walls, ceilings, or at any arbitrary angle. For installations other

than flat surfaces, the installation angle must be entered through the system settings.

[ Installation on the horizontal surface ]

[ Installation on the fixed post ]
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4.4 MOUNTING THE ROBOT

It is recommended to install the RB3-730ES Series robot arm using four M6 25mm bolts, while for

other robot arms, it is recommended to use four M8 30mm bolts for installation.

WARNING

Warning:

1) When attaching the robot, fix it firmly so that the bolts do not come loose.

2) Install the robot on a sturdy surface that can withstand the combined weight of the

robot and the load generated by the robot.

3) Please ensure that the mounting surface on the robot arm is completely in contact with

the surface that it is mounted upon.

4) Never disassemble the bolts that are assembled in the robot. Ensure that all bolts are

securely fastened before operating the robot arm.

5) If the bolts are not fastened properly, or if a bracket etc. is installed incorrectly, the

product may become damaged, or the safety of the user may be seriously affected.
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4.5 TOOL CONNECTION

Secure the tool to the tool flange using four M6 bolts(Standard: ISO 9409-1-50-4-M6).

B Tools and M6 bolts are not included in the product.

B The connection methods may be different between tools. Please contact the tool

manufacturer for further details.

B After fixing the tool to the tool flange, connect the necessary cables to the I/O ports on
either the tool I/O or the control box 1/O.
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B The specifications of the I/O connector located in the tool flange vary depending on the

robot model.

1) Non-E, E Version

1/0 CONMNECTOR A

I/O connector A : Sam Woo Electronics/M12 x P0.5 female circular connector,
12pin/SW-10W-12(P)

S Layout Pin Signal Color Signal Color
(Robot Side) No. (Non-E Version) (Thickness) (E Version) (Thickness)
1 Digital Output A Brown (AWG22)  Digital Output A White (AWG25)
2 Digital Output B Blue (AWG22)  Digital Output B Black (AWG25)
3 0/12/24VCC Red (AWG22) 0/12/24VvCC Red (AWG25)
4 Ground Black (AWG22) Ground Green (AWG25)
5 Digital Input A White (AWG26) Digital Input A Yellow (AWG25)
6 Digital Input B Blue (AWG26) Digital Input B Brown (AWG25)
Tool I/0 7 Analog Input A Yellow (AWG26) Digital Input C Blue (AWG25)
8 Analog Input B Red (AWG26) Digital Input D Gray (AWG25)
9 RS485+ Gray (AWG26) RS485+ Orange (AWG25)
10 RS485- Purple (AWG26) RS485- Purple (AWG25)
11 Common Ground Black (AWG26) Digital Input E Pink (AWG25)
12 Common Ground Green(AWG26) Digital Input F Natural Color

(AWG25)
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2) U Version
'. (_\ |
|| &) b
\
|/O CONNECTOR B
— ) 1/O CONNECTOR A
- 1/O connector A : Binder / M8 male panel mount connector, 8pin /
76 6319 1111 00008-0200
- 1/O connector B : Binder / M8 female panel mount connector, 8pin /
76 6618 1111 00008-0200
Layout Pin U Version U Version
Port . Color (A=B)
(Robot Side) No. A Port B Port
1 D+(RS485+) NC White
2 D-(RS485-) NC Brown
Digital Input 1 Digital Input 3
3 (PNP) (PNP) Green
Digital Input 0 Digital Input 2
Tool 4 (PNP) (PNP) Yellow
1/0 5 Power(+) Power(+) Grey
Digital Output 1 Digital Input 5 .
6 (PNP) (PNP) Pink
Digital Output 0 Digital Input 4
’ (PNP) (PNP) Blue
B: Robot=Female 8 Ground (-) Ground (-) Red

62



RAINBOW ROBOTICS

RAINBOW

ROBOTICS

RB SERIES _ USER MANUAL

B Non-E version, E Version, and U Version have different tool flange specifications.

B [Common Content] Internal power supply can be set to 0V, 12V, and 24V on the I/O tab
of the GULI.

= Min Nominal Max Unit
Supply voltage in 24V mode - 24 - \
Supply voltage in 12V mode - 12 - \
Supply current in both modes - - 2000 mA

B [Non-E Version] The tool digital output is applied in the NPN method, when the digital
output is enabled, the connection of the port leads to a ground (GND). When disabled,
the output port is open (open-collector/open-drain), the electrical specifications are as
follows.

B [E U Version] The tool digital output is applied in the NPN method, when the digital
output is enabled, the connection of the port leads to the VCC. When disabled, the
output port is open (open-collector/open-drain), the electrical specifications are as
follows.

Non-E Version Min Nominal Max Unit
Open Voltage 0 - 24 \Y
Current via GND 0 - 2000 mA
E, U Version Min Nominal Max Unit
Open Voltage 0 - 24 \Y
Current via VCC 0 - 50 mA
3) Non-E Version Usage Examples
B The image shown below illustrates how to turn on/off a load with 12V or 24V. The

voltage level can be specified in the Tool Out block.
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# It is strongly recommended to use a diode to protect the tool using an inductive
load.

B The tools digital inputs use PNP and pull-down resistors. Therefore, when the input port
is not connected (floating), the corresponding input port is read as low (0). Electrical

specifications are as follows.

- Min Nominal Max Unit
Input Voltage 0 - 24 \Y
Logic Low-Voltage - - 9 \Y
Logic High-Voltage 10 - - \Y
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B The figure shown below illustrates how to use the digital input for a simple switch.

B The tool analog input measures the voltage in a non-differential manner. The

measurement categories are as follows.

- Min Nominal Max Unit
Input Voltage 0 - 10 \
Resolution - 12 - bit

B The figure below shows how to connect an analog sensor with non-differential voltage

output characteristics to the tool flange.

T¢1

in|

B The figure below shows how to connect an analog sensor with differential voltage output
characteristics to the tool flange. Connecting the negative output of the sensor to GND

(ground) works the same as the non-differential light sensor.
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4) E Version, U Version Usage Examples

B To use the tool digital output, the load is turned on using a 12V or 24V power

supply as shown below. You can define the output voltage in the Tool Out block.

# It is strongly recommended to use a diode to protect the tool using an inductive

load.

B The tool digital input is applied in the PNP manner. Therefore, if there is no connection
to the input terminal (floating), the input port is read as Low, 0). The electrical

specifications are as follows.

- Min Nominal Max Unit
Input Voltage 0 - 24 Vv
Logic Low-Voltage - - 3 \Y
Logic High-Voltage 4 - - \Y

B To use the tool digital input, the figure below shows how to connect simple buttons.

[

B E Version and U Version do not support tool analog input.

66



RAINBOW ROBOTICS RAINBOW
ROBOTICS

RB SERIES _ USER MANUAL

CAUTION

Caution:

1)  For further details regarding technical specification and wire connection, please refer to
Appendix D.

2) The cross-sectional view related to the tool flange is illustrated in Appendix C.

B The tool flange supports RS485 serial communication and supports the following serial

communication standard.

Baud-Rate 9600, 19200, 38400, 57600, 115200, 1M
Stop Bit 1,2
Parity None, Even, Odd
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4.6 CABLE CONNECTION

The cable connection for control box describes as follows.

B Connecting the robot arm to the robot control box using the robot arm cable

Please connect the female connector to the robot arm and the male connector to the

control box. Please check whether pins in the connector are bent or not.

Stand Control Box Compact Control Box DC Control Box

[ Connecting Part for Robot Arm cable ]

B Connecting the power cable to robot control box

Connect the power cable to the power terminal as shown in the figure below.

Stand Control Box Compact Control Box

[ Connecting Part for AC power cable ]
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DC Control Box

[ Connecting Part for DC power cable ]

The specification of the power system is as follows.
® AC power supply

Input Voltage 100 ~ 240 VAC

Input Frequency 50 ~ 60 Hz

® DC power supply

Input Voltage 48 VDC

CAUTION

Caution:

1) Do not unplug the robot cable, power cable, or teaching pendant while the robot is

turned on.

2) In the use of AC/DC power, the peripherals should share a common ground.
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4.7 ROBOT CONTROL BOX 1/0 OVERVIEW

To connect other external devices to the robot control box, please connect the 1/0 from the control
box to the corresponding device. The I/O of the control box is very flexible, so it can be used to
connect with various equipment such as relays, PLCs, and emergency stop buttons. The layout of

the electrical interface inside the robot control box is as follows.

ANALOG ANALOG DIGITAL DIGITAL DIGITAL DIGITAL DIGITAL DIGITAL DIGITAL DIGITAL Safety Safety Extension
INPUT OUTPUT INPUT INPUT INPUT INPUT OUTPUT OUTPUT QUTPUT QUTPUT Module
GND | GND | 24v | 24v | W 24V |H 24V |H GND | GND | GND |l GND | EMo1| HSS1 (W CAN H|
A0 | ACo | Do | o4 | W pis | D2 |W Doo | Do4 | W Dos | po12|m EM01| Hss1 |l CANL|H
GND | GND | 24v (W 24v (W 24v | W 24y | W GND | GND | GND | GND | EMo02 | B Hssz2 | can G|
L A0t |H ot |l pis | Dig W D13 | W poi |H pos | pos | Do13 | M Emoz| B Hss2 | 24v | W
GND | GND | H 24v | W zav | W zav | W 2av | GND | GND | GND | GND | PRS1| H sss1|H sv |m
A2 (H Ac2 |H D2 |H Dis | M Do (M D14 | W poz |H Dos | poto | W Do14 | M PRS1| H sss1|H ﬂl
GND | GhD | H 24v | W z2av | W 2av |H 2av |H GND | GND | GND | GND | PRS2 | sssz|H
il ﬂl D3 |H Di7 | M Di11 | W Di15 | W pos (M por | Dot | Do15 |l PRsz | M sss2 (W

The specifications of the power and digital I/O provided by the control box are as follows. All digital
I/O is compliant with the IEC 61131-2 standard.

X IEC 61131-2: IEC standard for programmable controllers

Terminal Parameter Min Type Max Unit

Digital Output

[ Dox ] Current 0 - 1 A
[ Dox] Voltage Drop 0 - 0.5 Vv
[ Dox] Current Leak 0 - 0.1 mA
[Dox] Type - PNP Type
[Dox] IEC 61131-2 - 1A - Type
Digital Input
[ Dix] Voltage -3 - 30 %
[ Dix] OFF Range -3 - 5 Vv
[ Dix ] ON Range 11 - 30 Vv
[ Dix] Current (11-30V) 2 - 15 mA
[Dix] Type PNP+ Type
[Dix] IEC 61131-2 - 1 - Type

CAUTION

Caution:
When tightening the I/O wiring, please turn off the power to the control box in advance. Any
damage to the product caused by the user's carelessness (24V power shorts, incorrect wiring, etc.)

is not covered by the product's warranty.
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4.8 SAFETY INPUT CONFIGURATION

For the safety of users, all safety-related I/O must be configured with multiple backups. Safety
devices and equipment must be installed in accordance with the instructions in Chapter 2 Safety
and Chapter 3 Installation. The safety input has a safety protection stop. Emergency stop input is
for emergency stop of the robot and safety stop input is for all safety level protection of the

robot.

DANGER

Danger:

1) Never connect a safety signal to a PLC other than a safety PLC. Failure to follow these
warnings could result in unsafe operation, resulting in serious injury or casualty. The

safety signal and general 1/O signal must be separated.

WARNING

Warning:

1) Inputs and outputs of all safety classes are redundant. It is necessary to isolate the
channel so that the safety function is not activated due to signal failure. The safety
functionality must be confirmed before installing the robot. The safety functionality

should also be checked periodically for abnormalities.
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B Initial Safety Configuration

The robot will be shipped with the initial safety configuration set to default, so that the

users can use it without further configuration. The initial safety configuration is as follows.

Safety Safety
EMO1 | IR+ HSS1 |
EMO1 l-:| HSS1 l-:l
EMO02 | IS HSS2 | I
EM02 l-:| HSS2 l-:l
PRS1 | I+ Sss1 | I
PRS1 l-:I SSS1 I-:I
PRS2 | Il sss2 | A
PRS2 l-:| §SS2 I-:l

B Safety protection stop and automatic restart

An example of a safety protection device would be a door switch that stops the robot

when the door is opened. The figure shows how to configure these features:

Safety Safety
h EMo1 | H HSS1 | IS
li Emo1 | H HSS1 I-:|
[ ;E l,. I,. — EM02 | W HSS2 I-:l
L { EMO2 | I HsS2 | I
= PRS1 l-:l SSS1 I-:l
| PRS1 | M sss1 | A
PRS2 | I Sss2 | I
PRS2 l-:l Sss2 I-:|
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Enabling Device Input (Option)
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Connect the active device input interface using the 3-position switch. When the position

activation switch is in the operating position (middle position), the robot starts moving. If

the 3-position activation switch is pressed, the switch is in the inoperative position and

the robot arm will not move. Rainbow Robotics does not provide an Enabling Device. An

Enabling Device is available as an option if the user needs. To configure the feature, refer

to the following configuration:

Safety Safety

e | HSS1 | I
e | HsS1 | I
e | HsS2 | I
e | HSS2 | I
PRS1 | I $5s1 | I
PRS1 | I+ sss1 |
PRS2 | I sss2 |
PRS2 | I+ $ss2? | lH

I L1 1 L1
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4.9 GENERAL PURPOSE DIGITAL I/0 CONFIGURATION

All Digital 1/0 can be used as general purpose digital I/O. To use other external equipment with

the robot, connect the I/O from the robot control box with the corresponding equipment. The

universal digital I/O can be used to configure devices such as relays or PLC systems. In this

configuration, the output is always LOW unless the program is running. The following subsections

are examples.

B Electric load control with digital output

The figure below shows a way to control electric load by using the digital output.

DIGITAL DIGITAL
OUTPUT OUTPUT
GND | GND | B
poo| DO4 | B
GND | GND |
po1| M Dos| M
GN\ND | GND |
po2 | m Do6 | W
GND | GND |
o3| po7| W

m  Control of digital input with a button

LOAD

The figure below shows a simple way of connecting a button to the digital input.

DIGITAL DIGITAL
INPUT INPUT
+24Vv | A +24v | H
Dis | W oi12 | W T
+24v | W w24V | B
Do | M DI12 | N
+24v | W +24v | W
pio | m D4 | W |;|
+24v | W w24v |
oIl | M oi1s | W

N ]
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If another other system provides PNP and uses a common ground, the digital 1/0 can be

configured to communicate with the other system. Its connection is shown in the figure

below.
DIGITA] DIGITAL DIGITAL DIGITAL
INPUT INPUT ouTPUT ouTPUT
~2av | c2av [ m ano | i ono [ m
bio |l pi4|m poo| i pos| W
c2av | m w2av | m GhD | m Gno [ m
Di1| M D5 | W Do1| M pos| W
w20v | m w24 | m GnD | m GND | m
piz|m bis | m poz|m poe | m
v | @ w2av | m oD | W oo [
DIz | m D7 [m po3|m 07|
1

A

DIGITAL DIGITAL piGiTAll DIGITAL
INPUT INPUT outeuT] ouTPUT
w2av [l v2av | @ GND oND | m
bio | @ pia @ poo| @ pos|m
w2av | @ w2av | @ o\D [ m GND | m
D1 | Dis |l oot |l pos |l
2oy | m w2av | @ GND | GND | W
Di2 | m Dic |m po2|m poe | m
ooy | @ voav | @ avo [ GND | W
Diz|m D7 | m vos|m o7 |m
]

WARNING

Warning: For the details in the technical specification and wire connection, please refer to

Appendix D.
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4.10 GENERAL PURPOSE ANALOG I/0 CONFIGURATION

The following methods are recommended for high reliability.
® Use analog GND closest to I/O.

® Equipment and control box use the same GND. Analog I/O is not isolated from the

robot control box.

® Use shielded or twisted-pair cable. Connect to the GND shield on the Power (J12)

terminal.
Terminal Parameter Min Type Max Unit
Voltage mode Input
Alx - AG Voltage 0 - 10 \
Alx - AG Resolution - 16 - Bit
Voltage mode Output

AOx - AG Voltage 0 - 10 \Y
AOx — AG Resolution - 16 - Bit

B Analog output

The analog output can be used to control speed of conveyor. The figure below illustrates

a simple demonstration.

ANALOG
OUTPUT

AO O ~ys
AGND

AO 1
AGND
AO 2
AGND
AO 3
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B Analog input

The output value of the analog sensor can be used by the control box as analog input.

The figure shown below illustrates a simple connection to an analog sensor.

W LCD Status Display

m Fainbow-Robolics

.

1. Display Box(1): Displays information about system status.
Please Wait: The main PC in the control box is booting up.
default: The main PC in the control box is ready.

2. Display Box(2): Displays information about robot operation and status.

3. Action Icon: Definition lock (E) or release (@) state, play ([:) or stop (D) state, crash (E)
or safe(E) state.

4. Power Consumption: Indicates the total power consumption in watts (W).

5. System Version Information: System version information.
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CHAPTER 5. GET STARTED

5.1 ROBOT CONTROL BOX ON/OFF

Procedure for turning control box On/Off is as follows.
®  Control box On/Off

Press the AC/DC power switch at the bottom of the control box to apply AC/DC power.
Press the main power switch at the top of the control box to turn on the main power.

The message "Please Wait" will appear on the LCD screen of the robot control box. This

indicates that the control box is in the initial booting state.

Once the control box becomes ready for use, the LCD message will change to "default.”

— - ] .-‘,1:":'.[7

@

[ dl

— 19

[ DC Control Box ]

To turn off the power, press the main power switch during few seconds.
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CAUTION

Caution: Our control box uses AC 100-240V single phase (50-60Hz), DC 48V.
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5.2 TABLET PC ON/OFF

If you have selected the tablet PC option provided by the manufacturer for the control box, you

will receive the tablet PC and cover as shown below. To turn on the tablet PC, press the power

button located on the top left of the tablet.

m For Control Box

CAUTION

Caution:

1) Please ensure that the tablet PC is connected to the control box and run the application
provided by the manufacturer. Do not perform unnecessary operations on the screen while
the system is booting. It may cause problems with the system.
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CHAPTER 6. SOFTWARE OVERVIEW

6.1 Ul STRUCTURE

The Ul (User Interface) program is divided into three screens as follows. Each section allows the

user to enter necessary steps.

Loading (Booting, Networ Connection)

Make Play Set-up

Il - (1) Work Screen |Il - (2) Play Screen JIl - (3) Setup Screen

Allows users to teach Allows users to drive Allows users to
the robot the actual robot configure robot

81



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

6.2 STARTUP SCREEN DISPLAY

m [ntro

The start screen will occur while the application is loading its processes.

b RAINBOW

ROBOTICS

B login (Factory-Default login password: 0000)

Check login at startup. Password setting and auto login setting will be done at "Setup >

Security".

www.rainbow-robotics.com
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6.3 MAIN SCREEN DISPLAY

The Ul has three main menus.

® Make: The area where you actually create programs (task sequences).
® Play: The area where the created program is simply executed.

® Setup: The area where various parameters are configured.

On the main screen, you can enter stages to create the robot's movements (Make), make it move

in real-time (Play), or configure the work environment (Setup) through the three menus.

RB Series

Screen Off
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B Power Off

When you touch the power button at the bottom right, the power-off window will
appear. Pressing Ul Shutdown will close the program. If the robot is activated and the
control box is connected to the Ul tablet PC, the robot's power will also shut down

together.

Warning

Wionkd you i 1o shatdown the systemT

U ShartDrosam Screen Lock Cancel

If you press Screen Lock, the tablet PC's screen will become unresponsive to touch. To
unlock it, drag the Slide to unlock arrow on the bottom right to the right, and the screen

will unlock.

D defautt
i \L z=

/o4

[
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H

[
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Save Saveas

84



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

6.4 MAKE

B Make

This is the screen where you can teach the robot. You can teach the robot arm using the
icons at the top of the screen. Use the icons listed on the right side of the screen to

move the robot arm and use the icons on the left side to edit the teaching content.

® Left Icons: Functions for editing the program structure, such as

copy/paste/save/delete/comment.
® Right Icons: Basic robot jogging (Jog/Jogging) and other settings.
® Middle Icons: Functions for structuring the program are placed here.

® Bottom lcons: Interface elements like program save/load, play, speed control bar, etc.

X For a more detailed explanation of the icons and screen layout, refer to Chapter 7.

X In the Make menu (Manual mode), the robot will only operate while the movement-related
button is being pressed. If the button is not pressed, the robot will not move. This setting can

be adjusted in Setup > Interface.
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6.5 PLAY

m Play

This is the screen where you actually operate the robot arm. In this screen, you can load
and execute the teaching files (programs). The number of play repetitions can be set in
Setup > Interface. The total accumulated time after initial playback is displayed at the

bottom left.

X For more detailed explanations, refer to Chapter 8.
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6.6 SETUP

B Setup

This is the screen where you can configure various settings to use the robot arm. In the
setup menu, you can adjust collision sensitivity, robot installation angle, work area, tool
setting parameters, system log view, 1/0O function settings, coordinate system settings,

and more.

ol Linit

Progrem Tl

% For more detailed explanations, refer to Chapter 9.
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CHAPTER 7. PROGRAMMING GUIDE

7.1 ICONS AND ACTION SCREEN

B Make

Description of components in Make screen display.

default

+ -27\.55[ —

-~ 1097.00[ —

No. Description
@ Show the program list in tree form.

Shows the angle of each joint of the robot arm and the Cartesian coordinate position
of the TCP.

TCP Jog: can change the Cartesian coordinate position. (base/tool/user defined

©)

coordinate system Selectable)

Joint: Jog: can change the angle of each joint.

Button to switch to Simulation or Real mode.

XReal mode must be selected to drive the real robot arm.

Can import saved projects and create new projects.

Starts or stops the program and exists Motion Speed Adjustment Bar.
Various editing tools are located, such as Copy/Paste/Annotations.

Various program functions (command/action) are deployed.

®@ @ e ®

Click the arrow on the right to include more functions.

©

Determines Jog Method — either Smooth Mode or Tick Mode.
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X Teaching: programming RB’s motion by means of moving the robot by hand.

X TCP (Tool Center Point): The point defined for the tool center point within the robot’'s base

coordinate system. It may also be the origin of the end-effector.

Mowel Mowe B  Moweld

Gopper  VOTatend  ArcWels

3 %

Secket  Modten

[ lcon Extended View Mode ]
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[ Program-only Mode ]
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B Teaching Icon (Function Icon, Make screen)

Icon

PinPoint

Description

You can set the movement methods for the robot arm for teaching. There
are two types of movements: Move J, which moves each joint to the
specified target joint angles, and Move L, which moves the TCP linearly to
the specified target TCP values. Additionally, there are four other
movements that can be applied based on these two basic movements: Move
JB, Move PB, Move JL, Move ITPL, and Move Pro, making a total of seven
built-in movements.

This feature allows you to input the target values as sub-items of the
movements. For Move J and Move JB, the target values are the joint angle
values. For Move L, Move PB, Move JL, Move Pro, and Move ITPL, the target
values are the orthogonal coordinates of the TCP (x, y, z rx, ry, rz).

In addition to the Move, there is a feature specifically for circular motion. It
includes a mode for drawing an arc by specifying a starting point and two
additional points, forming an arc that passes through all three points. There
is also a mode that allows you to draw a circle by setting a center point and

a rotation axis.

This is a function that can be used by storing certain posture/position
information as a variable and then referring to (calling) another motion

function. However, this function itself does not move to that position.

ROBOTICS

<

F .t
PinJoint

This is the pin joint feature used to store and assign specific joint angle
values as variables. It does not move to the specified location. Instead, the
joint angle values are saved as variables and can be referenced (called) in

other motion functions for use.

This function moves the robot to either the starting position of the program
or the zero position of the robot's joints. The movement method can be

chosen between Move J and Move L.

91



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

This function allows the robot to wait for a specified condition or amount
of time. There are 5 modes available: waiting for a specified time, waiting
while a condition is true, ending the wait when a condition becomes true,
waiting while an input condition is true, and ending the wait when an input

condition becomes true.

This feature helps organize program commands into modules by grouping
them under sub-items. Each folder can be named differently, making it

easier to manage the program.

This icon allows a user to add a comment or memo to the program.

This function allows for program termination and the display of an alarm
pop-up message. There are four options: terminate the program, terminate
only the sub-program, terminate only the folder's sub-programs, and display

an alarm pop-up message.

This is the Debug function for internal value debugging. There are two
options: Debug Pop-up and User Log. The Debug Pop-up allows you to
check specific variable values or internal parameters by requesting them in
a pop-up format. The User Log lets you leave a string or string variable in

the log system. However, logging too frequently may affect the system.

The user input function pauses during program execution to allow users to
change the value of a variable/arrangement/point/character/global/ROM by

entering it. You can change the value, ignore it, and skip it, depending on

User Input

your situation.

This function is for controlling external axis in addition to the robot. Up to
6 can be added.
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This icon is used to create a conditional statement. A user can generate
separate motion program branches depending on conditions using If, Else

if, and Else.

This icon is used to create another type of conditional statement. For the

Switch statement, a user defines each case.

This feature includes the Pre Program, which executes the contents only
once at the beginning, and the Post Program, which defines functions to be
performed after the program ends. In cases where the program runs

@'_"; continuously, such as in Play mode, the Pre Program content is executed
Cé only once. For one-time commands like variable declaration or
Pre/Post communication setup, you can manage them under the Pre Program. The
functions declared under the Post Program are executed sequentially after
the program ends. Motion-related commands cannot be used in the Post

Program.

This is the Set function. It allows you to configure various setting parameters
that are typically set in the Setup menu directly within the program. You

can change specific setting parameters during program execution.

The TCP setting function allows you to temporarily change the TCP value
during program execution by loading a pre-saved TCP value. TCP values can

be saved in advance in the Tool List on the Setup page.

This manual operation feature allows you to pause the program and perform

direct teaching during its execution.

It is a function to operate the robot joint and the external axis at the same

time.
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This is a loop function. It repeats the sub-program based on a specified
condition or number of times. There are four modes:
repeating a set number of times, repeating while a condition is true, the Do
While function (executes at least once and continues while the condition is
true), and ending the loop when the condition becomes true.

This function forcefully breaks out of a loop. It is used under the repeat
function, and even if a specific condition is declared for the loop, using the
break function allows you to exit the loop early. Additionally, the continue

function moves the program flow to the top of the loop, the program logic

jump function allows you to jump to a logic point marked with Here, and
there is also a function to jump to a folder or the logic jump destination.

This is the thread function, which includes two options: adding a
general/non-stop thread and calling an event thread. There are five thread
properties: general thread, non-stop thread, non-stop thread 2, event
general thread, and event non-stop thread. The sub-items of the thread
function run in parallel with the main program. However, motion-related

commands cannot be placed under the thread function.

The G-code function is available when a G-code file is placed in the specified

folder. The robot will execute the path defined by the G-code.

This is a function to replay a recorded motion using the motion recording
feature. The motion recorded via direct teaching can be replayed using

either the J or L type with this feature.

This function adjusts the TCP position based on feedback from the welding
current via analog input signals. The user must adjust the current/voltage
ArcSensing signal according to the analog input range (0~10V) provided by Rainbow.

This function automatically generates predefined motions. Multiple
predefined motions are available, and you can modify the parameters to

create the desired motion.
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This command controls the digital output of the control box. There are
seven functions: individual output, bit combination output, signal toggle
output, full signal output, unit pulse output, pulse width modulation (PWM),
and condition-based output. The selected signal is output through the
chosen port among the 16 ports available. Each port can be set to High,

Low, or Bypass signals.

ROBOTICS

This command controls the analog output of the control box. The selected
voltage is output through the chosen port among the four analog ports
available. Each port can output a voltage range of 0~10V. There are two

functions: individual analog output and speed-based analog output.

('S

Tool.Out

The tool flange has two digital outputs. You can assign signals to these two
digital outputs. Additionally, the voltage level (OV, 12V, or 24V) for the

output from the tool flange can be adjusted.

Gripper

This is the gripper function. Functions for third-party grippers are pre-
installed. By selecting the gripper you wish to use and the function provided
by that gripper, the system helps you easily operate the gripper

automatically.

.

IO Extend

This function is available when an 1/O expansion module is added. You can
configure the digital/analog outputs of the I/O expansion module, which

works similarly to the existing digital and analog output functions.

ArcWeld

This is a dedicated macro function for arc welding. It groups functions that
can be implemented through common D.out or Wait functions into a macro
format for quick use. Settings for the arc welder are performed in Setup >

Device.

This function is for using digital welders. After selecting the brand of digital
welder to be used, you can choose the mode and options to easily operate

the digital welder.
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This is a script function that allows the user to write custom scripts. It can
be used for specific calculations, variable substitution, and assignment

beyond the basic functions.

This is the Assign function for declaring variables, with five types available.
The types include variable for storing single numbers, array for storing arrays
of numbers, point for storing positional information (x, y, z, rx, ry, rz), joint

for storing joint angle information, and string for storing text.

This function declares variables (single variables, arrays, point variables, etc.)
for real-time monitoring during program execution. Variables declared in
the monitoring function can be observed in real-time during program

Menitor execution by clicking the monitor icon on the right side of the Make/Play
page.

This function enables RS485/232 output via the tool flange/control box. You
can output in ASCII mode or hex mode. The communication protocol is set

in the Setup > Socket/Serial menu.

This is a socket communication function. It allows you to open a socket,
connect to a specific server, send request messages, and receive specific
data from the server. Up to five different servers can be connected

simultaneously.

This is a Modbus client function. It allows requesting data from a specific
IP/address and retrieving the returned data. The request interval and format
can be specified. A separate protocol is provided for the Modbus server

included with this product.

This function integrates features for using external products like HMI and
PLC easily. You can select the desired product and its specific features for

Interface use.

This function allows you to insert a pre-created program file (teaching file)
into the current project. There are three options: sub-program call, copy
command content, and switch program. The sub-program call allows

viewing the sub-project without modification. If modification is necessary,

the sub-project must be opened separately. The copy command content
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option lets you insert another program file into the current document in an
editable form. Unlike sub-program call, which simply calls the program, copy
command content copies the program in a modifiable format. The switch
program option is used when you want to replace the main program with

another project.

This function defines repetitive actions. It defines the space where the
repeated actions will be performed and the actions at each location. The
same actions will be performed at all defined points. This function is useful

for implementing palletizing.

This is a conveyor tracking function. Once the conveyor speed and direction
are set, the sub-actions (L, PB, ITPL, Pro, Circle) of the conveyor function will

be added to the conveyor flow.

ROBOTICS

This is a force control function. You can select the direction and coordinate
system for the desired force. Sub-actions under force control will have this

force control feature applied automatically.

This is a dedicated function for weaving movements. Movements like L-
series and Circle under weaving are combined with the set weaving options.
The available weaving patterns are Trapezoidal, SineWave, Triangle, C-Wave,

and Circle.

This is a dedicated function for weaving movements. Unlike the existing
weaving functions, the reference for weaving is through the TCP coordinate
system. Movements like L-series and Circle under weaving are combined
with the set weaving options. The available weaving patterns are

Trapezoidal, SineWave, Triangle, C-Wave, and Circle.

This function is used for welding applications. It detects the movement of
the base material and reflects the movement and direction to proceed with

welding.
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B Editing Icon (Left side in Make screen)

Icon Description

You can raise or lower commands one space at a time.

Revert the operation to a step before, after, up to 50 times.

It can copy the selected command and you can the copied

command to a different location.

It can paste the copied or cut command into the selected

location.

It can cut the selected command. This command can be pasted

to a different location.

It can delete the selected command.

This is Annotation function. It prevents the selected command
from running. Annotated commands exist in the program but
not executed. If you press the disable button on the annotated

command, it is activated.

It can mark the highlight (marking) in the desired program line.
Therefore, you can underline important program lines. There are
Marking two colors, blue and pink.
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B Jog and other utilities (Right side of Make screen)

Icon

Description

It can move TCP’s position relative to a global coordinate

system fixed to the base.

It can move the position of TCP based on the local coordinate

system (tool coordinate system) fixed to TCP.

It can move the position of TCP based on the user-defined

coordinate system (User Coordinate).

It can allow to move each joint of the robot arm separately.

This is a collection of settings such as User coordinate system
settings, automatic TCP find, and other easy-to-use settings with
a Jog. These settings can also be set in the Setup menu by
default.

This is a collection of special features which can view status and
set-up values such as I/O status information of the system, user-
coordinate Setting information and current/temperature
information of the robot.

It is a window for real-time observation of the values selected
variables through the Monitor function. In addition to the
selected variables, system variables that need to be checked
frequently are also displayed.

This function allows the user to select the Ul mode. Users can
select Ul mode according to their level and environment. There
are four mode options: Expert Mode, Beginner Mode, Welding
Mode (Analog), and Welding Mode (Digital).
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B System function button

lcon Description

This icon is used to move to home screen & another page. (It

is located in the top left.).

This icon is used to power off the Ul. When the tablet PC is
connected to the robot, the robot will also be turned off. Screen
Lock function is included in here. (It is located in the bottom

right.).

¥ A detailed description of each function is described later.

ROBOTICS
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7.2 CREATE TEACHING ENVIRONMENT

Robot teaching (programming) is available only in the Make screen. Please open the Make screen

from the Play or Setup screen via the b | button located at the top of the Ul. It is also possible

to move to the Make screen from the Home screen.

B Connect Tablet PC to Control Box

1
This icon is in the top right of each screen. State The robot control box and tablet
PC must be connected before teaching. When this icon is pressed, the following screen is

displayed.

wbd Ghek (bt i 1 Aarte
form activation while the rot=cf i in contact meth the srwvironment

Mtk
Dot e Sl

Tablet Conne<tion mode

Moda | TORAP

ol

sz the rakeot

Press the ‘Connect’ button to link the tablet PC to the robot control box.

® 'Connect’ button: Will connects the tablet PC to the robot control box.
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CAUTION

Caution:

1) Make sure that the control box is turned on and that the emergency stop switch is

turned off. If the control box is not on, the light beneath '‘Device Off' will turn red.

The figure below shows a display when the tablet PC and control box are being

connected.

near B robod mien i skarts

Do Pl [ i o U . sl Theg (akeiel o5 9 £ eV 0 s b vt oyl

i P Prorss
Erwars by

Tabled Carmaction mads

Bgde | TP dofwn

Bt Sy

Setied Mwa

[ e P e R

‘Network Connecting’ lights yellow when the tablet PC is trying to connect to the control

box.
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‘Network Connected’ becomes blue when the table PC and control box are connected

properly. The '‘Control’ button is also activated once more.

3Ton it EFeb BT M 0T SEE mith Thus v ireranid

Pt Davica Syatemn
o8 o ol

Aathwiis s Bl

Satted B Ll siny

Control Bos Mobol Model  Arm A liwirtion ethod

After ‘Network Connected’, press the ‘Control’ button to activate the robot control system.
® 'Control’ button: Will initialize the robot arm for operation.

Pressing the activation button initializes the robot arm, bringing it into a controllable state.
During this process, the brakes on each joint will release, producing sequential sounds
from the robot arm. Once all systems are powered on and connected, all status indicators

will turn blue, as shown on the screen below.
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Ratet Sente

A Dot be near e robot when st ts
t perform activation while the robot i In contact with the envirorrment

n Activated

Metaorh Pomer Besva System Rosot
Connected On On On Operation On

Tablet Conmection mode Activation Mode

moze |umccncscrer [l [ Goners -

Bavc Setung Informaton

Set1e0 Mate C ot Connect - Connwct tablet PC 1o contral bos.
Comi o | s for s e procens of rvtaknng T (oot

Comtral Bda MOt Madel  AITh ACTNITON Me IhG3

4 >

If the robot does not show a blue light indicating successful activation and instead displays
a red light, please check the emergency stop switch status, tool load settings, and robot
installation angle. Follow the instructions in the popup message to review and adjust the

settings and operating conditions as necessary.
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B Create New Project

To create a new project, click the 'New' button at the bottom of the Make screen. In the
‘Create New Project' screen, select 'Start with an empty project,’ and a screen will appear

where you can assign a file name.

T —— A S S

The default name of a new project is my_project. Please type a name for the new project
and press the ‘Save’ button in the dialog. Note that the new project is not created if the

‘Save’ button is not clicked.
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7.3 TEACHING (PROGRAMMING)

B Ways to Move the Robot

There are two ways to drive the robot.

® Direct-Teaching: When a user manually rotates each joint to change the pose of the
robot.

® Jogging: When a user uses the jog buttons in the Ul to move the robot.

B Direct-teaching / Gravity Compensation

For ‘Direct-Teaching’, a user must press and hold the mechanical button located on the

tool flange. Pressing this button allows each joint to move freely.

WARNING
Warning:

1) 'Direct-Teaching’ can be used only when the robot is initialized and activated.

2) The load value in ‘Setup-Tool’ should be set prior to using ‘Direct-Teaching’ when a tool

is installed at the tool flange. Without a proper value of the load, 'Direct-Teaching’ may
not work properly.

3) In 'Setup-Interface’, the sensitivity of joint reaction can be adjusted.

4) Please ensure that the robot is not moving before using ‘Direct-Teaching'.
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B Jogging

Woriz

%

g7

RAINBOW
ROBOTICS

Jog operation Type
(Smooth / Tick)

Jog Mode 1
Jog Mode 2
Jog Mode 3

Jog Mode 4

There are four modes of jogging.

Mode 1

Mode 2

Mode 3

Mode 4

TCP Movement in the Cartesian coordinate

system with respect to the base (global) frame.

TCP Movement in the Cartesian coordinate

system with respect to the tool (local) frame.

TCP Movement in the Cartesian coordinate

system with respect to the user coordinate frame.

Angular joint movement.
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There two ways to control jogging:

® Smooth: Use for continuous motion of the robot. When the '+’ or the '-' button

is pressed and held, the robot moves continuously until the button is released.

® Tick: Use for discontinuous motion of the robot. The robot will move a specific

amount as defined by the user each button click.

¥ The control method for jogging can be selected via a toggle button located in the top
right in ‘Make’ screen.
¥ In ‘Setup-Interface’, a user can specify the amount of movement for each 'Tick’ button

press. Or it can be directly changed in pop-up window as below.

Smooth Tick

Disttmm)  Ori(®  Joint(")
)| 10 || 01 | o

WARNING

Warning:

1) Make sure that there are no obstacles or people in the robot's workspace before the

use of jogging.

2) Itis highly recommended to use the ‘Safety Slider’ feature in ‘Setup-Interface’. This

feature is activated as a factory default.
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Thek

b | -2nss | —

[ Jog Mode 2: TCP jog w/ Local coordinate ]
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Smooth Tk
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[ Jog Mode 4: Joint jog w/ joint coordinates ]
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B Real Robot and Simulation Modes

Two Modes are available for testing the robot's movement.

® Simulation Mode:

Allows the user to virtually move the robot arm on the Ul screen without

moving the actual robot.

It is recommended to run simulation mode first for safety reasons before

teaching a new motion.
® Real Robot Mode:

Drives the real robot as displayed on the Ul screen.

WARNING

Warning:

1) Real Robot mode is only available when the robot is connected and activated.

2) Simulation mode only requires the provided tablet and the control box. It does not

require the robot arm.

3) When using Real Robot mode, please make sure that the nearby environment is clear &

safe before operating, as the robot will move.
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B Teaching Robot Movement

\®
A
The basic robot teaching functions are Hksl Move and B&il Point. Both icons are on

the top bar when using the Make screen.

® Move: Defines motion property for the robot arm.

® Point: A sub-function of Move. Defines a destination position for each

movement.

After using the Move and Point functions in an empty program, the script field in the Ul

will look like the following.

@ Move J & Move Type

< 1Point & First Target Point
A< 2 Point - < Second Target Point

B  Move Function

Joint Movement Type — Move J

— Move JB

Linear Movement Type — Move L

Move J

— Move PB
— Move JL
— Move ITPL
— Move PRO

Move sets the robot arm's motion properties. The two primary types of movements
are Joint and Linear. These types are further broken down into commands, as shown in

the figure above.
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@® Joint Movement Type

The Joint Movement Commands generate movement by setting the angular value of

each individual joint (in degrees). The sub-elements are Move J and Move JB.
> Move J (Move Joint):

Sets each joint angle to the values contained within the target Point.
The movement speeds for all joints are slowed relative to the joint that requires the

most movement time.
> Move JB (Move Joint Blend):

Starting from the initial arm configuration, the arm will move smoothly between
each Point without stopping by using the Move J method.

Move JB has two modes: time-based blend and direction-based blend.

@ Linear Movement Type

The Linear Movement Commands generate movement by setting the position of the
TCP in the Cartesian coordinate system. These commands use Cartesian coordinates
(x,y,z coordinate values and rotations) as the target values for the movement. Sub-
elements include Move L, Move PB (formerly Move LB), Move JL, Move ITPL, and Move

Pro.

> Move L (Move Linear):

The TCP moves in a straight line from the starting point (current position) to the
target point (set position). The tool's orientation rotates with the least possible
angle. For tasks where the TCP movement and orientation change take a significant

amount of time, the speed of other tasks is adjusted accordingly.
> Move PB (Move Point Blend, Old Move LB):

The TCP moves smoothly from the starting point (current position) between points

using the Move L method without stopping.

A blend distance is assigned to each point, cutting and connecting the previous

and next paths with an arc, allowing the TCP to follow a smooth trajectory.
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If the designated blend distance is larger than half the length of the adjacent paths,
it is automatically adjusted to half the length of the shorter path.

The blend ratio at each via point can be set in distance units or as a percentage
(%). Additionally, the speed can be configured individually for each via point.
Move PB has three modes:

Constant Mode: The tool's orientation remains the same as it was at the starting
point (current position) during movement.

Intended Mode: The tool's orientation changes according to the saved orientation
at each point.

Smooth Mode: Unlike Intended Mode, where the rate of change in X, Y, Z, and
orientation remains constant, Smooth Mode has a lower rate of change in

orientation as it approaches the start and end points.

> Move JL (Move J with Linear Input):

Like Movel, the Cartesian value of the target point is used as input. However,
instead of going straight to the point, it uses Movel's method. When the Cartesian
coordinate system input is received, it is converted into the target joint angle

through inverse kinematics and inputted again to Movel.

> Move ITPL (Move Interpolation):

The TCP moves smoothly from the starting point (current position) between points
using the Move L method without stopping. While Move PB blends paths without
passing through each waypoint exactly, Move ITPL moves along a trajectory that
passes through each waypoint precisely, and thus does not require a separate blend

setting.

Move ITPL has six modes: Constant Mode: The tool’s orientation remains the same
as it was at the starting point (current position) during movement. Intended Mode:
The tool's orientation changes according to the saved orientation at each point.
Smooth Mode: Unlike Intended Mode, where the rate of change in X, Y, Z, and
orientation remains constant, Smooth Mode has a lower rate of change in
orientation as it approaches the start and end points.

Additionally, the speed can be configured individually for each intermediate

waypoint.
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> Move Pro (Move Process):

The TCP moves smoothly from the starting point (current position) between points

using the Move L method without stopping.

Cartesian coordinate values (X, Y, Z, etc.) are used as input values, and blend radii or
blend ratios can be set at intermediate waypoints. The speed can also be configured
individually for each waypoint.

By using general points and corner points, the TCP moves smoothly along a

trajectory that precisely passes through each waypoint.

Move Pro has three modes, similar to Move PB: Constant, Intended, and Smooth
Modes.

B Difference between Move J and Move L

oS

/

Move)

Movel
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Move J does not consider the movement trajectory of the terminal (TCP). It is an
operation that only uses the joint angle information of the starting point and the joint
angle of the target point. The driving speed of other joints are adjusted to the joints that

require the most driving time.

Move L is a mode that uses inverse kinematics to move the trajectory of the terminal
(TCP) linearly from the starting point to the target point. 6 Cartesian coordinate values (x,

Y, Z, Rx, Ry, Rz) are the inputs for the target point value.

m Difference between Move L, Move PB, and Move ITPL

@
Point1 Point3
D
Movel
@
Start Point @ Point2
@
Point1 Point3
MovelB/PB
@
Start Point =) Point2
Point1 Point3
MovelTPL
Start Point Point2

Move L moves in a straight, linear path between the start and destination points. The arm

will arrive at each sequential arrival Point, stop, and then continue to the next Point.
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Move PB starts at the initial Point, uses each intermediate Point as a waypoint, then stops
at the final Point. The arm will not stop at the specified waypoints. Instead, it will arc around

each point according to the blend distance, and then continue without stopping.

Move ITPL, the points other than the arrival point move to the waypoint, creating a
trajectory that passes exactly through the waypoint. The trajectory is created without

stopping and a separate speed setting is possible for each waypoint.

WARNING

Warning:

1)

2)

The five linear motion commands (Move L, Move PB (Formerly Move LB), Move JL, Move
ITPL, Move Pro) move the robot using inverse kinematics calculations. Therefore,
movement may be limited in singularity positions where inverse kinematics calculations

are not possible.

Certain joints may move faster or be restricted in motion while in the dead zone of the

robot. Further information about dead zones can be found in Section 1.7.
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B Changing Move Function Commands

When the Move Function is used for the first time in a program, the program tree will be

created as shown below. By default, the Move function is set to Move J.

Click Move J to change the Move command type. A popup will appear as shown below.

Audd Poing Ll
Type

L B B

L]

Moew L

M JB

Move LB

Morew L
Mrew ITPL

Move Pro

Maowe J{Move Jeink)

= Lin ot sngle walus [0 = FE] o inpad valuse,

- Change the angle of sach joink to the target value.

- Each joint s driven to the target value without considering the movemrsnt of TCP,
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Select the desired movement type and click close to change the movement type.

An example of a teaching program is shown below.

Program Stant

Destination 1 : Target Value ¢
Destination 2 : Target Value «

“

& S

Destination 1 : Target Value &
Destination 2 : Target Value ¢
Destination 3 : Target Value ¢

- @ A

ViaPoint 1 : Target Value is

ViaPoint 2 : Target Value is

ViaPoint 3 : Target Value is

Destination : Target Value is
Program End

Move J, Move JB

The arm moves to the joint angle configuration contained within each

Point. Each angle value is relative to the base position.

¥ Since the robot arm consists of six joints, the Move J and Move JB
functions will move all six joints based on the configuration

contained within each Point.

Move L, Move PB (formerly Move LB), Move JL, Move ITPL, Move Pro

The arm moves relative to or directly to a target TCP position contained
within each Point. Each Point determines a target location within the

Cartesian coordinate system for the TCP to pass through.

%  Since the Cartesian coordinate system consists of six values (x, y, z,
Rx, Ry, Rz), all six values will need to be set as subitems of Move L,
Move PB, Move JL, Move ITPL and Move Pro.
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B Point Function

< Move Type

< First Target Point

< Second Target Point

As explained earlier, the Point function is a sub-function of the Move function.

Move specifies the properties of the motion, whereas Point is responsible for setting the
target position.

In the Point function, the target value will vary depending on the command type of the
Move function.

» Joint Movement Type(Move J, Move JB) Point:

Contains the target joint angle values (in degrees) for all six joints

» Linear Movement Type(Move L, Move PB (formerly Move LB), Move JL, Move ITPL,
Move Pro) Point:

Contains the target destination point (in Cartesian coordinates) for the TCP
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When a user taps on a Point in the program tree, the Point function popup window will

appear. The window contains the following fields:

RN
- Q-0

X
oo |
RX

| RY RZ
o0 oo | |om
_Bm Shoulbder [Elov
o0 |[ow | [aco
Wrist 1 Wrst2 Wrist 3
000 | 000 ' foo0
BF"‘T‘“_“_--_--—_--__--;“”“_-;‘: """"" !
| © | |

-y

o=l -~ 1o

Each area is described in the table below.

Description

Sets the name of the point (not required).
After setting the name, the location information of the point can

be used as a variable later.

Allows a user to select the setting type of the point function.
- The Joint Move has three setting options.
- The Linear Move has four setting options.

- The default type when creating a Point is ‘Absolute’.

Sets the speed and acceleration of arm movements to the location.
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RAINBOW

Updates the Point information with the current robot position.

- After moving the robot to the desired position/posture, press Get
to store the information.

- To save the Point at the current position/posture, press the Set
button (Section 8).

Depending on the Point type (Section 2), the Get button may or
may not supported.

Moves the arm to the specified Point.

- Must hold down the button to move the arm to the saved position.
- The movement is a joint movement type. When the movement is
completed, a pop-up message will be shown.

Depending on the Point type (Section 2), button may or may not
supported.

Moves the arm to the specified Point.

- Must hold down the button to move the arm to the saved
position.

- The movement is a linear movement type. When the movement
is completed, a pop-up message will be shown.

Depending on the Point type (Section 2), button may or may not
supported.

Specify an escape condition (Finish At) and an escape time (Stopping
Time) for the action. Not a required input.

- If the input is left blank, the operation will end normally after
reaching the target point.

- Once the escape condition is satisfied, the operation stops
according to the escape time and continues to the next action.

The minimum escape time is 0 seconds.

Saves the changed settings.

Closes the Settings window. Will not save user input without

pressing the Set button (Section 8).

ROBOTICS
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¥ An example using the Get function (Section 4) is shown below.

1. Use the jog / direct teach function to move to the desired posture / position
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2. Get current posture / location information by pressing Get button

Point Mame Type

’ Absolute W

Speed 40% | Mee [ o% |
[ ] — @

=004 ] =2Z7.55

RX RY

Q.00 | 0.00
Bass Shoulder

0.00 [am

Wrstl Wrint 2

0.00 [Q.'DO

Findsh at

Set Close
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3. Save after confirming reflection

—I-_-_-_-_-_-_-_-_‘

Point Mame Type
| | [t <]
Speed 40% Acc | 10%
o . —e -
W Get ., Move ./:
F\“--------_----
b4 Y z
|
I =-0.04 -27155 1097.00
I RX RY RZ
|
I 0.00 0.00 =00
: Base Shoulder Elbow
I Q.00 Q.00 0.00
I Wrist 1 Wrist 2 Wrist 3
I 0.00 Q.00 0.00
I'—_—_—_—_— — % ® % % & & & § & |
Finish at Stopping time
r | B N B BN B B | 1
L. S -

RAINBOW
ROBOTICS

X An example using the Finish at/Stopping time option (Section 7) is shown below.

B When not using the Finish at function

(If left blank)

End of motion after arrival to original set target point, execute next command

O Target Point

Start
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B When using the Finish at function
(When entering a specific conditional expression)

Even if the target point is not reached, the operation is terminated when the Finish

at condition occurs and the next command is executed.

If condition does not occur during operation, execute the next command after

reaching the target point normally.

Chargr Hara Tree
bty -
Tt . i Lo
L] L]

Atorh

B
g
=)
]
- =
- =
o
3
-
- -

The following setting options exist for each type of move function.

Joint Move Type's sub-Point
>Sets the Points for Move J by using fixed, user

defined joint angles.

Absolute . . o
>Requires the user to set the desired posture/joint
angle configuration through the Get function.

) >Sets the Points for Move J by using one of several
Option
methods.
. >Allows the user to set the desired posture/joint
Variable

angle configuration through the Get function.
>The user can also change a joint angle by setting

it to a variable or a mathematical operation.
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Option

Relative

Absolute

Variable

RAINBOW
ROBOTICS

>Sets the Points for Move J by changing the joint
angles relative to the previous angle position.

>If a joint movement is set to zero, then that joint
will not move. If all are set to zero, then the robot
will not move.

>The user can also change a joint angle by

entering a variable or mathematical operation

Linear Move Type's sub-Point

>Sets the Points for Move L by using fixed, user
defined Cartesian coordinate values.

>After moving the robot's TCP, Cartesian
coordinate values through the Get function can
be set.

>The default Cartesian coordinate system for the
Absolute Point Type is the base coordinate
system of the robot arm (manufacturer's default
coordinate system).

>Sets the Points for Move L by using one of
several methods. target Cartesian coordinate
value.

>Allows the user to set the Points for Move L by
using fixed, user defined Cartesian coordinate
values.

>The user can also change the TCP Point by
setting it to a variable or a mathematical

operation.
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Relative

User
Coordinate

>Sets the Points for Move L by setting the relative
distance/offset from the previous Point.

>The user can also choose a user defined
Reference Point from which to move. The default
value is PT_LAST_TCP, which indicates the last
arrival point.

>In Reference Frame, the user can specify which
coordinate system use for relative movement.
>The default value is Frame_Base, which
represents the base coordinate system of the
robot arm.

>The user can choose change s to the user
coordinate system or the tool's local coordinate
system.

>In addition, the user can set a point by using a
variable or a mathematical operation.

>Similar to Variable, but sets a target point based
on a user defined coordinate system.

>Allows the user to select the user coordinate
system as a reference by setting the Reference
Frame.

>Select the desired reference coordinate system
and use the Get function to automatically enter
the robot's pose/position information based on
the selected coordinate system.

>For example, if the user’s coordinate system O is
selected and 0 is entered in all Cartesian
coordinate values, TCP moves to the origin of the
user coordinate system.

>In addition, the user can set a point by using a

variable or a mathematical operation.

RAINBOW
ROBOTICS
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The figure below shows each different type of Point as it displays in the Ul.

» Joint Type - Absolute point

@
@

1 Iy
lhbguh.rm ]vl|

------------‘
speed o] o |

I;Gnllzm|]2m|

oo [z ][

| rx RY RZ |

omJfow |[oo |

| Base Shaulder Elbow 1

:0.00 |G.0C|' |0.'D0 :

| wrist Wrist2 Wirist 3 1

| o000 0.00 0.00 I

l--------------l

Finish at Stopping time
Sat Close

Absolute Option point.

The robot's posture/angle value is saved through Get button.

RAINBOW
ROBOTICS
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» Joint Type - Variable point

-

PFoint Name ] e I
| | variable lv|l

Speed 40% | Acc 0%

L ] ®
* Insert current Joint value
r——_———_—_—_—1 Get
I-PO I *insert Joint variable
I [ |I hd
I |
;2 I
I » | |I
I |
B | I
I | I
l_—_—_—_—_—-—_l
Finish at Stopping time
O
Set Close

@ Variable Option point.

@ Allows the user to enter the joint angle for the target posture or enter the

parameterized information as an equation.
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» Joint Type - Relative point

| ||Relam v
Y ¥ ¥ T ¥ ¥ ¥ N T ¥ N

- ] - o

‘ ® . e :

j 8% |a 1
lan la -
I |
IM? Ig . I
lass |¢ :
I |
j o o I
| aus |e 1

N N N N N N N S S . .- -l

Finish at Stopping tirme
| O |

Set Close

@ Relative Option point.

@ Allows the user to enter how much each joint should move relative to the previous
joint angle. All angles are in degrees. In addition, it allows the user to enter

parameterized information or formulas.
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» Linear Type - Absolute point

Point Name I'T,,,.
I e
Speed Ace

---—-------1

vl

------------‘

" 10%

LL:“JE:‘:'.?J:L

: =27155 | |109?0Er ‘l

|. RY

: 0.00 ] |om | [_o.m ]:

| Base Shoulder Elbow 1

: 0.00 | .00 |0.ﬂ¢ :

| wrist1 Wrist 2 Wrrist 3 |

| 000 0.00 0.00 !
l--------------l

Finish at Stopping time

| I©

@ Absolute Option point.

RAINBOW
ROBOTICS

@ Allows the user to save a posture/position by using the Get/Save button. The

reference coordinate system of the Cartesian coordinate system value is the robot

base coordinate system.
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» Linear Type - Variable point

—----------1

Point Nama ITm
| | variable |v|
LI T T T T 0 7
Speed 'm Acc fm

* Insert current TCP value
F------------

- Get

Ix | I
| | *insert Point variable
1" | | [ |PT_LAS'I'_'I'CP v
2| . -
| |
I Rx | | |
] |
1~ | | I
I RZ |
|
LB B B &8 &8 B &8 B B B B B | -

Finkh at

. o

Sat Close

®

Variable Option point.

@ Allows the user to enter the target Cartesian coordinate values. The user can also
enter parameterized information as formulas. The reference coordinate system of the

set Cartesian coordinate values is the base coordinate system of the robot arm.
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» Linear Type - Relative point

PN N S S S S

Paint Name | Tyee |
| 1| peove v
Speed m' Ace m'
L » ®
PR -
Reference Point
Bax e ] PT_LasT TCP W
Iﬂ.Y 8 I
:ﬂz P 1'3-?.-:;-:”-&;.---';
ear J | Frame Globak(Base) ‘v|
I | I-"-'-'-'-'-'-'- |
Iﬂ.RT a I
Iﬂ-RZ [ I
| g |
e el
Finish at Stopping time
: —
(© |
Set Close

®

Relative Option point.

@ Requires the user to enter the distance/angle offset relative to the reference point.

Also allows users to enter variable information.

® Allows a user to select a user defined point from which to move. The default value is
PT_LAST_TCP, which indicates the last arrival point.

@ Chooses a coordinate system to specify relative movement. The default value is
Frame Base, which represents the base coordinate system of the robot arm. The user
is also able to choose the user coordinate system or the tool's local coordinate

system.
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» Linear Type - User coordinate point

©

Poinvt
F__________‘
| |uw¢ootdnatt vl

Speed 4% | Acc

L] i L
. —
r--------—---1'{ Move l Get Io
R —— i i
:x l'Efmmath-
I""' l:CUCHDUSERO o |
I---------ﬂ
I:
| |
| rx I
| 1
IFH" I
- I
| I
-------------‘
Finish at Stopping time
(V) I
.\'"'..
Set Close

User Coordinate Option point.

The User Coordinate Option is similar to Variable, but it allows the user to set the
target point based on a previously defined user coordinate system. Users can also

enter variable information.

Selection box for the user coordinate system that the user would like to use as a

reference.

The Get button will load in the robot's current posture/position information based on

the selected coordinate system.
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WARNING
Warning:

1) A user coordinate system can be set through the Coordinate menu in the Setup screen
or by using the Setting function in the Make screen.

2) Up to 3 user coordinate systems can be set and used.

3) The factory default user coordinate system is the same coordinate system as the robot

base coordinate system.
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B Changing Movement Properties

The following conditions apply when changing the action properties (type of move) of a

configured action.

® Switching in the same series can be done without any restrictions.

® Switching to another types (Move Joint types -> Move Linear types / Move Linear
types -> Move joint types), can be done only when the type (option) of Point

function is used as Absolute.

Move Joint Type
Move) (Move Joint)

. Always can Convert
MovelB (Move Joint Blend)

Switchable only when
all included Points are Absolute type

Move Linear Type
Movel (Move Linear)
MovelB (Move Linear Blend) Always can Convert
MovePB (Move Point Blend)
MovellL (Move J with Linear input)

MovelTPL (Move Interpolation)
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B Example of Basic Program Creation

The following is an example of creating and running a simple program based on the

above Move and Point functions.

[Step 1]

Create a new project.

Nest Mobot

"

w
”
e

[Step 2]

Click the Move function ESlto add a Move command to the program tree. The default
command will be Move J. A Point function will also be added to the tree as shown

below.
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[Step 3]

Using the Jog button, move the robot to its intended position. In this example, the robot
was moved to the following joint angle: [Base:0’, Shoulder:0’, Elbow:90’, Wrist1:-90’,
Wrist2:90, Wrist3:0']. Click on a Point in the program tree to display the Point setting

popup window as shown below.

Type
Abmchite v
o A L
E e
L Move L Mew
nss 09700
000 oM
enmder (1w
oo 000
W 2 wrwt )
Q0o 000
Stopping tire
St Chove

[Step 4]

In the Point popup window, click the Get button to update the fields with the current
robot posture/angles. The posture angle that was moved at the end is taken. Press Set to

save this Point.

HEIE OIS 4

‘ Absolute % ‘
S 40% M= 10%
. ™ 1 .

488.70 -110.67 | 704.92 ‘

RX RY RZ

0.00 001 | 90.00 ‘
Base Shoulder Elbow

0,00 0.00 | 90,00 ‘

Wrist1 Wrist 2 Wrist 3

-90.00 90.00 | 0.00 ‘

Finish at Stopping time

HE ==l
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[Step 5]

After saving the point, the Ul will look as follows.

[Step 6]

Repeat steps 1~4 several times to teach the robot the desired motion. Our completed

example program will look like the following.

Pos Wodut
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[Step 7]

After the program is finished, run it on the work screen by pressing the play (>) button.
To run the movements using the simulation arm, use the Simulation mode. To run the

movements using the real robot arm, use Real Robot mode.

After clicking the play button ([>), the robot will move to its initial position as shown
below.

Go to Indtial Position

Keep press ‘Approach’ button to go motion begin position,

&= —

Base Shouider Elbow

000 0.00 0.00

Wristt Wrist2 Wrist)

000 000 000
.‘W [ Close

By holding down the Approach button, the robot arm will move to the initial position for
the program. Once the robot reaches its starting position, a pop-up message will confirm
to the user that the robot has reached its starting position.

Il ation

Festsert vt 1 initial pestition.
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[Step 8]

After receiving the popup in Step 7, the program is ready to run. Click the play button at

the bottom again to run the program.

T« 0 00 0 80, R 8
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WARNING

Warning:

1) The Point that the robot is current moving towards will be displayed as yellow in the
program tree.

Initial Movement Position

The initial position can be modified in the Begin section of the program.

When running a robot using the tablet Ul, before running a program that contains

movement, the robot must return to the initial position.
The initial position can be changed by the following way.

1) Move the robot to the desired starting position using either the Jog or teaching
button.

2) Click Begin in the Program Tree to open the Begin menu.

3) Click the Get button to record the current posture, then click the Set button to save

the position.

4) You can also start the program without moving to the Begin position using the disable

function in the lower right corner.

Bae Shoukder Elow
[<le4] QoD 000
Wit Wit 2 Wrist3
Q.00 Q00 0.00
Got Move

Postune sreed in Begin i the initial posture sppled when the program i run uiing Tablet UL
Whether fouse [home position mowe funciion] when plagying in LI
Use (Defaur) b
Use [Defwat)
Use (=003 speed)

Not i

Set Clerse

143



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

WARNING

Warning:
1) When the program is first created, the default starting angles will all be set to zero.

2) The Home Position Disable feature should be used with care as it allows you to start the

program in any position.
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B Collision detection during operation
The RB Series has two built-in collision detection functions:

- External Collision Detection (Out-Collision Detection)

- Internal Collision Detection (Self-Collision Detection)

[ External Collision ] [ Internal Collision ]

@® External Collision (Out Collision Detection)

- Detects unplanned external collisions.
- Detects unexpected collisions with the environment, including people.
- Collision sensitivity can be changed in the Setup.

- The user can change the collision sensitivity in real time while the program is

running through the Set function.

- For accurate collision detection, the load / center of mass of the tool should be set

accurately.

- When operating with high sensitivity collision detection setting, a regular motion
could be recognized as a collision due to the sudden acceleration / deceleration of

the robot.
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If the robot arm detects an external collision while in real mode, the following pop-

up will appear.

® Resume: Checks the status and continues robot operation.

® Halt: Exits the program.

Alternatively, tap (hit) on the robot arm twice to continue the operation. This will

perform the same function as the Resume button.

¢ > A
A ! e @)
. Y, zf—
J_‘f"f. [ 7\ O
rd A LY J /r
/ 4
7 e
ra yd
I' N Lf .f"-'_ _1-\\1
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@® Internal Collision Detection (Self-Collision Detection)

- Occurs when the robot predicts that it will collide with itself.

- If the robot extends beyond the preset Workspace limits, it will stop by itself. The

setup for the surrounding environment area is done in the Setup screen.

- Users can also set a virtual box for collision detection. This will cause the robot to
stop itself if either the virtual box is expected to collide with itself or it goes out of

the Workspace. The virtual box is configured in the Setup-Tool.

The image below shows a situation where the user caused the robot to crash into itself.
Just before colliding into itself, the robot will stop, prompting the Ul to display a warning

in red.

(4

o)
C %5

Self Collision...!
> »$ ——7-—

The image below shows a situation where the robot is about to leave the user-defined
Workspace. Just before leaving the Workspace, the robot will stop, prompting the Ul to

display a warning in red.
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rl) tset Simulation Real Robot

’l
T A2 Base Shoulder Elbow ° .
l A 24 20 84472 4

5 2
Wrist]  Wrist2 Wrist3
sl/oRiz A1 EQIE . (2) 0.00,0.00,90.00,-90.00,90.00,0.00 ; % Smooth  Tick

A2 ZRIE . (a) 0.00,0.00,90.00,-90.00,90.00,0.00

@Q 2 3L
EQIE . (r) 0,0,-100,0,0,0PT_LAST_TCI

£|8§2)7] ZQIE . (3) 488.70,-110.67,704.92,0.00,0.0}

tJ
El.‘. BOIE . (1)-30,00000

Shoulder

Elbow

Wrist1

43

S

RE2E

Self Collision...!
Saveas New ’ " — 0

The image below shows a situation where the virtual collision box set up by the user
detects / predicts a collision. The robot will stop, prompting the Ul to display a warning

in red.

Mes Wedst

Self Collision...!
b »$ —O0—

If the robot stops during operation in real mode, please move the robot arm to a safe

position before continuing work.
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7.4 TEACHING ICONS AND DESCRIPTION

In the previous section 6.3, only the basic teaching functions (Move and Point functions) are

described. This section is dedicated to the other teaching functions.

B Circle Function:

The Circle Function provides a movement method for circular motion.

There is a type that draws an arc that passes three points by taking a starting point and two
points, and there is a type that can draw a circle by setting the center point and the axis of

rotation.

Three Point Circle

Circle

Circle Axis/Center Circle

1) Three Point Circle Type : A mode of drawing an arc with three points of information

2) Axis/Center Circle Type: Mode of drawing an arc/circle with rotation center and

rotation axis information

Apart from the type of circle drawing, the original operation feature provides four rotation

options as follows.

149



RAINBOW ROBOTICS RAINBOW

RB SERIES _ USER MANUAL ROBOTICS
Via Point
L J
- 0
. . . y s
Destination Point .\;‘-: a0
o\ Start Point
-
Constant Intended Smooth
A 7~ e :
A b ’ e ]
oI R e o D\ \z?
NN - o,
L) L

B Constant: Maintains the initial TCP orientation (Rx, Ry, and Rz) of the TCP through the

movements.
B Intended: The TCP rotation set by the user is followed.

B Smooth: The turn changes immediately from the start point to the destination point. The
rotation information of the waypoint is ignored.
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Three Point Circle Type

The Three Point Circle method draws an arc connecting three points: the starting point, the

intermediate waypoint, and the arrival point.

Start Point

1
|
" ! : !
- 1
I 1 ! 3
Deatiration Position Gt Maove B
1 ¥ ¥ T RM RY R

: aman B FLAT 6502 oo S0.00 :
| Mase Shoulder L Wirisk | Wt Wriat 3 |
1 | ool .00 502 -90.00 S0.00 [+ Te] |
| ———————— L ———————————
Fink ot Sitnpprg time
.L.
Set Closs

Circular Motion type selection (3-point setting type)
Point type (Absolute / Variable / Relative / UserCoord.)
Orientation option (Constant / Radial / Intended / Smooth)

Via Point information

© ® 0 0 6

Destination Point information
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Axis/Center Circle Type

Set the center point for the circular motion, the axis of rotation, and the angle to rotate.

Center Point’f

e /

Circular motion selection (axis / center setting type)

Point type (Absolute / Variable / Relative / UserCoord.)
Orientation option (Constant / Radial / Intended / Smooth)
Center point information

Axis information

© © ® © 0 6

Rotation angle information
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B PinPoint Function:

g

PinPoint

437,69

RX

A5.00

This is a special function for storing posture information only. This is a function to save
information of a specific posture/position as a Point variable. If you create a PinPoint while
teaching a specific posture and give it a PinPoint name, the posture information is

converted into a Point variable. The information saved as Point variable can be used in
other operation commands/settings.
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B PinJoint Function:

X,

!

PinJoint

This is a function to save information of a specific posture/position as a Joint variable. If
you create a PinJoint while teaching a specific posture and give it a PinJoint name, the
posture information is converted into a Joint variable. The information saved as Joint

variable can be used in other operation commands/settings.
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B Home Function:

Target Posture Progect
Project Home Posture e Top-Level (Main) Project b
Morement Type
Move J Type d
Speed A0 Acc L
L] ]

This function meves the robot to the target point.
The praject home postune is the posture set in Begin

Home function is a function to move the robot with Project Home Posture or Joint Zero
Posture. At this time, user can select the movement type.

When going to the Project Home Posture, user can select Project Home Posture of the
main program and Project Home Posture of the subprogram.

The diagram below shows the difference between the case of going to the Project Home
Posture of the main project and the case of going to the Project Home Posture of the

subproject when using the home function within the subprogram.
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Use the Home posture information set

in [Begin] of the Main Program.
Begin
Sub Program
Command # Begin

Command #
Call Sub.P — Command #

|

(Top-Level)

|

Command # +—  Command #

|

Command # Sub Program
End

Main Program

End

Main Program
Begin

l Use the Home posture information set
Command # in [Begin] of the Sub Program.

l Sub Program
Command # Begin

Call Sub.P — Command #

(Sub.P-Level)

|

Command # -— Command #

¢

Command # Sub Program
End

Main Program

End

© RAINBOW ROBOTICS Inc. All rights reserved.

RAINBOW
ROBOTICS
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B Wait Function:

Waits for either a specified condition or a specific amount of time.

There are five modes: Wait for a specified amount of time, Wait while a condition is true, Wait
until the condition evaluates to true, Ability to wait while input conditions are true, The ability
to end the wait if the input conditions are true

1) Wait for a specified amount of time (Time Condition)

n Time Condition Holding Condition Exit Condition
Holding Condition Exit Corafition
(for Dightal Inpat) (for Digital Input)
L2 1.0
Syne None b
Set Chyse

Ex) waits for specified amount of time (i.e. 3.0 seconds), then executes the next command

When using ‘sync speed control bar’ function in Sync, the waiting time is adjusted in

inverse proportion to the speed control bar value.
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2) Wait while a condition is true (Holding Condition)

Tiens ComEtion nuchm Exit Comaition
Hobding Condition Exit Condition
(for Digital Input) (for Digital Input)

Condlition: | S0_DIGITAL_IN_ O == Trus

T Ot : L e

Ex) if the condition is true, the function waits indefinitely.

The Time Out function is a function to prevent the condition from continuing to wait
until it becomes False in a situation where it cannot be False. Escape the wait after the

written time has elapsed.
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3) Wait until the condition evaluates to true (Exit Condition)

Tievieh Comtian Hebding Candition n Exit Candition
Hodding Condition Exit Conadithon
{for Drigital Ingut) (for Digital input)

Conditicn: | SD_ANALDG_TH_B == 1

Tirme Out Hone e

Ex) If the condition is true, the process exits the wait function and then executes the next task.

The Time Out function is a function to prevent the condition from continuing to wait until it
becomes True in a situation where it cannot be True. Escape the wait after the written time

has elapsed.
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4) Ability to wait while input conditions are true (Holding Condition(for Digital Input))

Tirne Condition Helding Condition Exit Condition
Hudding Condition Exit Condithion
{[for Digitad Inguit) (fior Digital Input)
Cigitallnput @ == 4 L @
1 -_— 5 9 £
2 1] L+ 1]
3 ks n L]

DortCoae  BMlow Bigh
Logical Operator | And Conditicn b

Tirne Out ; My L

Ex) Continues waiting while the digital input conditions in the digital input window are true.
The Time Out function is used to prevent an indefinite wait if the input conditions can
never become false. Once the specified time has elapsed, the wait is exited.

In the logical operator function, you can use both And and Or conditions. (In the situation
shown in the image above, since it is an And condition, the system waits only when digital

input O is in a High state and digital input 1 is in a Low state.)
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5) The ability to end the wait if the input conditions are true (Exit Condition(for Digital
Input))

Tirmee Condition Holding Condition Exit Condition
Holding Condition Exit Condition
{Peer Drigitad Inpat) (Tor Digital Input)
Digital Input o — 4 ] | #]
1 - 5 @ <]
F L] w0 1
3 7 n -1

DertCare  EMLow EHgH
Logical Operator | And Condition o

Timee Out : Mone L

Ex) Stops waiting and proceeds to the next command when the digital input conditions in
the digital input window become true.
The Time Out function is used to prevent an indefinite wait if the condition can never
become true. Once the specified time has elapsed, the wait is exited.
In the logical operator function, you can use both And and Or conditions. (In the
situation shown in the image above, since it is an And condition, the system stops
waiting and executes the next command when digital input O is in a High state and

digital input 1 is in a Low state.)
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B Folder Function:

5

Folder

RAINBOW
ROBOTICS

The Folder function helps to organize commands and manage them as modules. Each

Folder can contain commands as sub-items, helping with the flow of the program. Each

folder can then be renamed to help provide details to the flow of the program. By clicking

the Folder icon, it will be added to the program tree. Commands can then be added, as

shown below.

To rename the folder, click on the new Folder

™

Move LB
>

)
Y
Doty

TSP Sat

%)

Sayiry

Olatent  ArcWeld O Weks

in the program tree.

R ¥ &
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Changs Mame

willen, king

Firish st Shopping e

The program tree will now show the folder with its new name.

A hsragpe Maree

wotiee, king

Fimiih 5t Blipare] D

The Finish at function is available for use. It is not a mandatory input, and if you choose
not to use the Finish at function, it will not affect the functionality of the program, similar
to the Text function. It serves as a tool to help manage modules and groupings of

functions during teaching.
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Bl Text Function:

=

Text

The Text Function allows users to make notes/comments in the program list tree. The text
function is displayed as green text in the program tree and does not affect the

functionality of the program. Click the Text icon to add it to the Program Tree.

halle §_sm_ rbbE
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B Alarm/Halt Function:

D

The Alarm function allows you to display a popup message. You can insert an alarm
message at specific conditions or sections of the program to prompt the user for
confirmation.

When you insert the alarm function into the program and click on it, a setup window like

the one below will appear.

Tl

pangari _err

Cordenty
This is sensor Test

Paund T progr b M T P Tk Sl T weindonm

You can enter the title and content of the alarm message. After setting it up as shown
above and running the program, a popup like the one below will appear the moment the
alarm command is executed.
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° Resume: Continues with the next command.

° Halt: Stops the program at this point.

While the alarm function is active, the program flow is paused. If you click the Resume
button in the popup window, the next command will be executed, and if you click Halt,
the program will stop running at that point.

When the alarm function is used, the main program is temporarily paused, and any

threads that are running are also paused at the same time.

166



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

The Halt function is used to stop the program. You can use this function when you need
to terminate the program under specific conditions. The Halt function is divided into Halt,
Sub.P Halt (Sub Program Halt), and Folder Halt.

Halt: Terminates the main program, regardless of whether it is executed from the main or
sub-program.

Sub.P Halt: Must be used within a sub-program. It terminates the sub-program and
returns to the main program.

Folder Halt: Must be used within a folder. It terminates the folder and then executes the

commands below the folder. Please refer to the diagram below for clarification.

Command # Comman d # Command #
Command # Comman v # Command #
Call Sub.P — Command # Call Sub.P — Command # Call Sub.P — Command #
Command #
Command # +—  Command # Comman d # Command # Command # Command #
Command # Command Command #
common case during the subprogram during the subprogram
When Halt is called When Sub.P Halt is called

In the example below, an If condition checks whether a certain condition is true. If the
condition is met, the program is set to call the Halt function.
If the condition is true, the program will stop at that point, and the following commands

will not be executed.

® - MoveJ
/< 1Point — (3) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait — 1.0sec
@ If —+ SD_DIGITAL_IN_OSD_DIGITAL_IN_O == True

O Hait
® “» MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
End
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WARNING

Warning:

1) When the Halt function is executed, the main program will terminate — this includes any

additional Thread functions.
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B Debug Function:

Function for debugging internal values. Users can make a pop-up display the value of a
variable or internal parameter, similar to an Alarm.
Debugging is for observing internal variables. It is mainly used to check the value of

variables used in the program during program teaching / development.

Optien
Dbisg popup b

Hame

Paysss the program flow and shows the desired variable value in 2 popup
S e thel v iabh NAMPES YouU WanT T el

After adding the debug function to the program tree, click Debug to see the popup
window as above. Enter the variable name in the Name field to view how variables
change. To observe several variables within the same popup, press the (Add) button to

add another variable.

The follow is an example on using Debug. Declare one variable type variable (my_var =
3.14) and one array type variable (my_arr = {100,200,300}) using the Assign function as

shown below.
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At
=
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I
Drineg
A

i
P

s
L8
s

o £

Add a Debug Function below it.

Set the variables in the Debug window to observe the two previously declared variables as
shown below.

Pt Thop gy v T o] st Thak et il b w ki i & g
bt ] Hh visriaisle raemes s mant 10 check
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Once the setting is complete, run the program (the tablet PC and the control box must be
connected before execution), and the following pop-up window will appear when the

Debug command is executed. The pop-up will allow the user to observe the specified
variable values.

° Resume: Continues to the next command.

° Halt: Terminates the program.
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B User Input Function:

&

User Input

User input is used to change the value of a declared variable during program execution.
As shown in the figure below, a variable is declared above the user input, and when user
input is executed, a value is entered in the "Applied Value" field. At this point, if "Skip" is
selected, the program continues without entering a value. If "Apply and Continue" is
selected, the value entered in the "Applied Value" field is reflected in the variable, and the

program proceeds.

Variable Formi'Varutie
Variable Narme's
Appad V i
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B External Axis (Ext.Axis) Function:

Extended Motor

- Miode Target Vielocity Acoel Funciion

O |Absckte | 8.88 1 |7 Gt My
T |Absolte | w | | 8,88 1 1 Gl Move
2 Absokite | | | 0.00 1 1 Gt Mave
¥ |Absolte |~ | 000 1 1 ot Move
4 |Abschte | | 8.88 1 1 Gt Mave
§ |Absolte | | 8.00 1 1 Gat Miave
OO Mot Time Sync W
Opibon: Command termination Blacking L

St Cherta

You can control up to 6 external axes, and the axes can be moved based on the settings
configured in the Device section of the Setup. Target values can be set for each axis, and
speed and acceleration values should be input between 0 and 1.

For the option "Multi-Axis Operation,” you can decide whether to finish all the external
axis movements simultaneously or to complete each axis individually when multiple axes
are operating.

For the option "Command Completion Condition," you can choose whether to wait for the
command to finish executing before continuing or to proceed without waiting for the

motion to complete.
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B If Function:

The If Function allows the users to insert a conditional 'if' statement. Depending on the
conditions, branches can be set up so that the robot can perform different commands. Users

can set the If / else if / else statement.

After adding the If function to the program tree and clicking the added If function, the

following popup window appears. Users can enter the conditional statement they would like to

use in the If statement.

Else if (+ Add else if) or Else functionality (+ Add else) can be created along with branch of
conditional statements.
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Bl Switch Function:

Switch statement. Depending on the conditions, branches can be set up so that the robot can

perform different commands. Switch / case statements are available.

The following popup window appears by clicking the added switch function in the program

tree. Users than can enter the criteria arguments for the Switch statement to work.

When first creating a Switch statement, ‘default’ will automatically be created. Additional case
statements can then be added using the (+ Add case) button.

After clicking the (+ Add case) button, the following window will appear. Enter the conditional

argument in the field, then press the Set button to save.
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B Pre/Post Program Function:

Pre/Post

You can define functions that are executed only once before starting the program (Pre-

Program) and functions for wrap-up tasks after the program ends (Post-Program).

When a program continuously runs, like in Play mode, the content declared under the
Pre-Program function is executed only once at the beginning. One-time commands, such
as variable declarations or communication connections, can be managed under the Pre-
Program section.

The diagram below shows the normal flow of command execution when the Pre-Program
function is not used:

Command Command
# 2 # 2

Command Command
#N #N

[ Make screen ] [ Play screen |
The left side shows the program execution in the Make screen, while the right side shows

it in the Play screen. In the Make screen, the program between Begin and End is executed
once. In the Play screen, the program between Begin and End is repeated.
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The next diagram shows the flow of command execution when the Pre-Program function

is used:

Pre
Program

Command
# 2

# 3

Command
#N

End

[ Make screen |

Pre
Program

Command
#2

Command
#N

[ Play screen ]

In the Make screen, the commands between Begin and End are executed sequentially,

regardless of whether the Pre-Program function is used. In the Play screen, the program

between Begin and End is repeated, but the commands declared under the Pre-Program

section are executed only once.

Operations that need to be performed only once, such as variable declarations or

communication connections, can be configured using the Pre-Program function.
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Below is an example of how the Pre-Program function is inserted into an actual project.
Due to its nature, the Pre-Program function is only inserted below Begin and cannot be

copied and pasted elsewhere.

L

VOLstend  ArviWeld

o %
0 %

Wervng  Wervng? Touchten

M O——

WARNING

Warning:

1) If a sub-program called through the Sub.P function uses the Pre-Program function, the
Pre-Program commands will only be applied in the main program. The Post-Program
function allows you to define commands that will be executed after the program ends. It
is intended for wrap-up tasks after the program finishes.

° The commands declared under the Post-Program section are executed sequentially

after the program ends.

o The execution of the Post-Program follows the diagram below:
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Command #

|

Command #

|

Command #

|

|

Command #

|

Command #
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|

Command #

|

Command #

|

Command #

|

|

Command #

|

Command #

Post-Program Execution Example 1:
The following example shows the use of the Post-Program function. As soon as the
program starts (below Begin), a High signal is sent to port 1 using the D.Output function.
Even though the D.Output for port 1 to turn off was not added before the end of the

program, port 1 automatically sends a Low signal when the program ends, thanks to the
use of D.Output 1=L in the Post-Program section.

1 D.Out — 7=H
2 @ ¢ Repeat — 10 Times
U Wait — 1.0sec
End

® ® PostProgram
D.Out — 7=L
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As shown in the example, the Post-Program function can be used for safety features.

Post-Program Execution Example 2:
This example shows how the Post-Program function is used. When the program ends
normally, the beacon light (connected to D.Output 0) does not turn on. However, if the

program ends abnormally, the beacon light is turned on.

Repeat — 10 Times

U Wait — 1.0sec
End
@® ©® PostProgram
® “c If — SD_IS_INTENDED_STOP == True
D.Out — O=L
® Else
D.Out —» O=H

In this example, the variable SD_IS_INTENDED_STOP is a system internal variable that is
always initialized to 0 (false) when the program starts. When the program is stopped
intentionally by the user, this variable is set to 1 (true).

If the program stops abnormally for any reason, this variable remains false.

Normal terminations include clicking the Ul stop button, 1/O stop signals, or other user-
triggered stop signals (SD_IS_INTENDED_STOP = true).

Abnormal terminations include stopping due to approaching a singularity or syntax errors
(SD_IS_INTENDED_STOP = false).

® Even if the program ends abnormally (e.g., by pressing Halt in an Alarm), the Post-
Program functions will still be executed.

® Commands related to robot arm movement, such as Move J or Move L, cannot be
used under the Post-Program section.

® The Post-Program function only works in the top-level program. If used in a

subroutine, it will not be executed.
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B Set Function:

187

The Set function allows users to temporarily change parameter settings, regardless of the
default values contained within the Setup menu. While the settings in the Setup menu are
applied as defaults to all projects, the Set function allows users to temporarily override

these parameters.

The various parameters that you change on the Setup screen are applied as default values
for all projects that use that control box. If you need to use certain parameters separately
for a particular project, you can manage parameter settings by project by adding the Set

function to the top of the project (for example, Pre.P. sub).

The Set function is a temporary setting, not a permanent setting. When a new Set
function is called for the same parameter setting, the parameter is reflected based on the

new Set function.

When the program ends, the parameter settings will return to the default values as

defined within the Setup menu.

The parameters that can be changed via the Set function are as follows:

® Time

® Collision Threshold
® Payload

® Linear Move Offset
® Inbox

® TCP Position

® Tool Collision Box

® Global Workspace

® Inbox Size

® (Collision On/Off
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® Speed Override

® Acceleration Override

® Serial Configuration

® Fixed Vel/Acc

® Spiral Circle Mode

® Speed Bar Control

® (ollision Stop Mode

® User Coordinate Shift

® After Collision Detect

® Disable Box D.out

® Move L type XYZ Projection
® Move L type Orientation Align
® User Coordinate Config

® XYZ Shift

® XYZ Shift2

® Vibration sensor On/Off

® Digital Input Simulation

® Program Flow Control

® High acceleration Mode

® Motion Time Constraints

® High Sensitivity Coll.Detect
® Micro offset value

® User Coordinate Shift 6D

® User Coordinate Auto Alignment
® Timer Setting

® No-Arc Move speed

® Manual User Coordinate 6D
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® Jacobian based Speed Control

® External F/T sensor signal

® Joint => Point

® Point => Joint

® TCP Linear Speed Limit

® Force Control Displacement Limit

® Motion Break

® Vibrating Motion

® Move L Deadzone Avoidance

® Axis Aligned Posture Calculation

® Position Control Signal Smoothing

® Disable Control Box Designated Input
® Robot Self Vibration

® PFL Mode

® Gravity Compensation Mode (Current Control)

® landmark based Fitting

WARNING

Warning:
1) The value set in the Set function is a temporary value. When the program exits, it
automatically returns to the default values set from the Setup Menu.
2) The functions provided by the Set function allow you to change the setting value to
another value in the middle of the program flow. For example, you can use Set's
‘Collision On / Off' feature to selectively turn on/off collision detection in the middle of a

program flow.
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- Set Function: Time

Ty Tt ol Pl [ BV, Wl [oh (PTagras avais, if PTarve. 1) Thes e Pasy
rerd e

Starts the timer and sets the initial value. Starting with the value entered, the value of the

timer increases.

- Set Function: Collision Threshold
- = ]

Type
(Tl Thrsthoid -

Terniur oty Sot The bl D e lans WS Tae Prosy v ek, @ defusie 50 e et
wrerd rae

Temporarily sets the collision detection sensitivity. The lower the value, the more sensitive
the robot is to collision. This has the same functionality as the Collision Threshold option

within the Setup-Cobot Menu.
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- Set Function: Payload

-
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Temporarily set the tool's weight and center of gravity. This has the same functionality as
the Payload option within the Setup Menu.

- Set Function: Linear Move Offset

&= ]

Type
st Mcres Drifust -
[ N ] (N B
LA ] L LR
Tupme iy et o iy i v . Wi, e P s o ghs, I etuves D et heanai
e v
Sl Closs

Gives a slight offset relative to the base coordinate system. This function allows users to
temporarily set an offset of up to 20 mm.
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- Set Function: Inbox

<
2
H
2
<
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Allows the user to enable the Inbox Checking feature. The Inbox Checking feature checks

whether a certain part of the robot is in a predefined area (either in the Setup screen or

the using the Set function). The parts of the robot that can be checked are as follows.

® Check Tool Flange Center: Verify that the set TCP at the robot arm end has entered a
specific area.

® Check Tool Center Point: Determine if the center of the tool flange at the end of the
robot arm has entered a specific area.

® Check Tool Box: Verify that the box set virtually on the robot arm end has entered a
specific area.

®  Check All: All the above.

The size and position of the box can be set in the Inbox screen using Setup mode (or

through the Set function). A total of 2 Inboxes can be set, and based on the above

settings, whether or not they are in a specific area can be used through

SD_INBOX_TRAP_FLAG_0 or SD_INBOX_TRAP_FLAG_1 in the Shared Data type data,

respectively.

X\ SD_INBOX_TRAP_FLAG_1 = TRUE
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- Set Function: TCP Position
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Temporarily set a relative offset of the tool's TCP position. It has the same functionality as

the End Effector menu in Setup-Tool.

- Set Function: Tool Collision Box

.= |

Fype

Wionl Cpilleiarers licin r

e

LR Lo L

Position

L LA ] LN
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Temporarily set the size and position of a virtual box surrounding the gripper for self-

collision prevention. It has the same functionality as Tool Setting for Collision Check in

Setup-Tool.
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- Set Function: Global Workspace
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Temporarily set the limits of the workspace for collision prevention. It has the same

functionality as the Workspace Limits menu in Setup-Cobot.

- Set Function: Inbox Size

LA ]

tarved .

LB

LA

Wirrpiririy Tt e Folbawine Dararrtvars, When e Program sreis, i rHams 1 e delsat

Temporarily set the position and size of the Inbox. It has the same functionality as the

Inbox settings in Setup-Inbox.
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- Set Function: Collision On/Off
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Temporarily sets the use of external collision detection mode. It has the same functionality

as the Enable Collision box in Setup-Cobot.

- Set Function: Speed Override

Type
S LY L
By

i e ks (aaltipa ) $or aped cremiTide
MApher Ca b e Dot D10 i 210 o pre=cefird warisbie

s aeby Tt e bk s e e, Vi e P i, 8] P s i D i)
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Allows the user to temporarily to change the base scaled speed used by the Move and

Point functions. Users can either enter a value between 0 and 2.0, or a predefined

variable.
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'
gin

1

rh Set — Speed Override: 1.5
2 @ = MoveJ

1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

» (3) 0.00,0.00,0.00,0.00,0.00,0.00
» () 0.00,0.00,0.00,0.00,0.00,0.00

» (a) 0.00,0.00,0.00,0.00,0.00,0.00
3 rh Set — Speed Override: 0.7
4 @ = Movel

~ 2 Point
3 Point

4 Point

1 Point

» (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
» (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
» (@) -0.04,-271.55,1097.00,0.00,0.00,-0.01
» (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01

L 2 Point
3 Point
4 Point

In the example above, Set-Speed Override 1.5 is set in front of Move J. Therefore, the
Move J operation has the same effect as if a speed of 1.5 times the set speed was set.
Set-Speed Override 0.70 was used between Move J and Move L. Therefore, Move L

operates with the same effect as if a speed of 0.70 times the set speed is set.
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- Set Function: Acceleration Override
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Allows the user to temporarily to change the base scaled acceleration used by the Move

and Point functions. Users can either enter a value between 0 and 2.0, or a predefined

variable.

é Move J
A+ 1Point — {a) 0.00,0.00,0.00,0.00,0.00,0.00
S 2 Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
th Set — Acceleration Override: 2.0
1 & =+ MoveJ
S« 1Point — (3) 0.00,0.00,0.00,0.00,0.00,0.00
H Set — Speed Override: 1.0

rh Set — Acceleration Override : 0.5

65 & Move J
A« 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

th Set — Acceleration Override : 1.0
8 & =+ Move J
£+ 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
End

Through the code below, you can see how the speed and acceleration change when
Speed Override and Acceleration Override are used. The initial speed and acceleration are

set to 45% and 30%, respectively, and change depending on the setting scale.
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- Set Function: Serial Configuration
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The baud rate and stop bit / parity of the serial communication are temporarily set. It has

the same meaning as set in Setup-Serial.

- Set Function: Fixed Vel/Acc
I

Type
Fowd Welf oo b
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This function is used when you want to use a fixed value, ignoring the set speed /
acceleration for each Move point. There are two sub options: Joint Movement and Linear

Movement.
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The velocity (deg/s) and acceleration (deg/s”2) set in the Joint Movement affect the
movement speed and acceleration of the Joint movement types Move J and Move JB.
The velocity (mm/s) and acceleration (mm/s”2) set in Linear Movement affect the

movement speed and acceleration of the linear movement types Move L, Move PB

RAINBOW
ROBOTICS

(Formerly Move LB), Move JL, Move ITPL, Move Pro and Circle. If you do not want to force

speed/acceleration through this function, clear the check box. In this case, it follows the

speed/acceleration value set for each point during operation.

Ex) If you need to keep a certain speed and acceleration during operation, you can use

this Set function as in the code below.

1 @ = MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
rh Set — Fixed:J.move, 120deg/s
® - MoveJ

/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
rh Set — Fixed: J.move, 150deg/s, 50deg/ss

® = Move J
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
+ Set — Fixed:J.move, 100deg/s, 20deg/ss
® ~» MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
End
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- Set Function: Spiral Circle Mode
]

Ty
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This function is used to change the circular motion into spiral motion. Draw a circle / arc
when using the Circle function. If Set-Spiral mode is used over the Circle function, the
existing circle / arc will be changed to spiral motion. Therefore, to implement spiral
motion, this function should be inserted above the Circle function. In the property,
Distance sets how much a helix moves relative to the starting point when implementing a
spiral circular motion, and Rate moves by applying a ratio to the radius of the circle or
arc. Therefore, 1 is 100% when using Rate.

195



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

Ex 1) Only Circle is used: Create a general circle / arc trajectory.

@ > Repeat — 1 Times

Circle — axis

Ex 2) Set-Spiral Mode + Circle: Spiral trajectory

I i@ C Repeat — I Times
% Set — Spiral Cirche Modie : Distan

Circle —- axis
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- Set Function: Speed Bar Control
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The speed control bar (bottom right) of the Ul can be adjusted with the program. You can

change the Ul speed control bar by using this function in the desired section.
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- Set Function: Collision Stop Mode
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Select the robot's motion type when after detecting an external collision. There are three
options.
® General Stop: After the collision is detected, the trajectory movement is paused
on the spot.
® Evasion Stop: After the collision is detected, the robot moves a small amount
away from the external force, then pauses the trajectory movement. The degree
of Evasion Stop is divided into Normal, Smallest, Small, Big, and Biggest.
® Free Drive Stop: After detecting the collision, the robot arm switches directly to
the teaching state for a certain period of time. The time to stop the direct
teaching is divided into 0.8 seconds and 1.6 seconds, respectively. It has the

same meaning as Setup > Cobot "Action after Collision".
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- Set Function: User Coordinate Shift
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This function is to move the origin of user coordinate system temporarily. can set the user

coordinate system number and shift distance you want to shift and choose which

coordinate system to shift the shift distance.
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- Set Function: After Collision Detect
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The program flow can be selected after external collision detection. Our default setting is
to pause the program after detecting an external collision. After detecting a collision, a
collision detection alert pops up and the program and threads are paused. If you want to
terminate the program after collision detection, you can use this function to select the
option as Program Stop state.

® Program Pause State: Program flow is paused after external collision detection.

® Program Stop State: Program flow stops after external collision detection.
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- Set Function: Disable Box D.out
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This function temporarily disables the digital output of the control box. Even if the digital

output command inserted in the program is not erased, this set command can be used to

ignore the digital output command in a specific section. It can be used for development

testing, etc.,, and by selecting an option, the output can be deactivated/activated

according to the program section.

201



RAINBOW ROBOTICS

RB SERIES _ USER MANUAL

- Set Function: Move L type XYZ Projection
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This is a function to fix the target position coordinate value of L series movement (eg

Move L. Move PB, Circle etc). If you select the value to be fixed and the reference

coordinate system, the position coordinate value of the target point or set point is fixed

to the value of the selected axis of the selected coordinate system.

For example, if the base coordinate system (Global) is selected as the coordinate system

and Z Projection 100mm is selected/written, the Z height of all moving target values/set

coordinate values is applied collectively as 100mm.

This function is also a set function, which can be activated/deactivated for each section of

the program. If you want to disable it, select None in the coordinate system.
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- Set Function: Move L type Orientation Align
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This function is to fix the target rotation coordinate value of L series movement (eg Move
L. Move PB, Circle etc). Fix the rotation of L series motions with the rotation value of the
selected Point.

As a sub-function of the Set function, this function can be turned on or off depending on
the program section. This function can be used when you want to uniformly rotate the
TCP rotation at a time.
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- Set Function: User Coordinate Config
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This function allows you to temporarily change the user coordinate system settings. By
selecting three points in the middle of the program flow, the user coordinate system
setting can be arbitrarily changed in the middle of the program. Because it is a sub-
function of Set, the user coordinate system setting returns to the default value when the

program ends.
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- Set Function: XYZ Shift

This function allows you to temporarily shift the target point. User can select a
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base/tool/user coordinate Config and enter shift values from the target point. At this time,

select whether to apply this shift only to L type or to both L type and J type. Because it is

a sub-function of Set, it returns to the default value when the program ends.
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- Set Function: XYZ Shift2
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This function allows you to temporarily shift the target point. User can select a

RAINBOW
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base/tool/user coordinate Config and enter shift values from the target point. At this

point, this shift is only applicable to L series operation, and both the XYZ position value

and the rotation value can be entered. Because it is a sub-function of Set, it returns to the

default value when the program ends.
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- Set Function: Vibration sensor On/Off
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This function allows you to temporarily exclude collision detection by vibration during

collision detection. Because it is a sub-function of Set, it returns to the default value when
the program ends.
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- Set Function: Digital Input Simulation
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This function allows you to simulate Digital input signal. Create the desired input by
setting the state of the port to which you want to input. Because it is a sub-function of

Set, it returns to the default value when the program ends.
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- Set Function: Program Flow Control
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This function allows you to pause and restart without using alarms and 1/0O when a

program is running. Because it is a sub-function of Set, it returns to the default value
when the program ends.
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- Set Function: High Acceleration Mode
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High acceleration mode reduces the time the robot's operating speed reaches the desired
operating speed through changes in the reduction/acceleration profile. Because it is a

sub-function of Set, it returns to the default value when the program ends.
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- Set Function: Motion Time Constraints
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Motion Time Constraint is a function that constrains the time taken to move a point to

point by the time entered. At this time, it is possible to increase time but not to reduce it.

Time must be a value greater than or equal to zero. Because it is a sub-function of Set, it

returns to the default value when the program ends.
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- Set Function: High Sensitivity Coll. Detect
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High sensitivity Coll.Detect allows the detection of collision to be 30% more sensitive than
the existing sensitivity. In Setup, the sensitivity that made collision detection the most

sensitive is also 30% more sensitive than 0%. Because it is a sub-function of Set, it returns

to the default value when the program ends.
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- Set Function: Micro offset value
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User can give a slight offset based on the desired coordinate system. This function
enables temporary offset settings of up to 20mm. Because it is a sub-function of Set, it

returns to the default value when the program ends.
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The user can temporarily shift the user coordinate. This function allows the user to

temporarily change the position, rotation of the user's coordinate. Because it is a sub-

function of Set, it returns to the default value when the program ends.
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- Set Function: User Coordinate Auto Alignment
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This function allows the user to change the user coordinate to the last TCP frame. It is

also possible to return to the default user coordinate. Because it is a sub-function of Set,

it returns to the default value when the program ends.

215



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

- Set Function: Timer Setting
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User can select the timer their want to use and set the initial value of the timer. The timer
starts from the initial value set by the user. Because it is a sub-function of Set, it returns

to the default value when the program ends.

- Set Function: No-Arc Move speed
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Set the move speed of the robot in the no-arc state where welding is not performed.

Because it is a sub-function of Set, it returns to the default value when the program ends.
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- Set Function: Manual User Coordinate 6D
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You can change the user coordinate system during program execution. If you choose
temporary change mode, the specified user coordinate system will only be applied when
the program is running. If you choose permanent change mode, the value will be applied
permanently. As shown in the image below, the current user coordinate system (No. 0) is
set with X and Z values of 400mm in Setup-Coordinate. Because it is a sub-function of

Set, it returns to the default value when the program ends.

Current Settings

Offset (mm? Orientation (*)

Coord O
Coord. 1

Coord, 2

At this point, the manual user coordinate system 6D is set as shown below, and the

program is executed.
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Type

Marasal Ut Cooeginate 60 o

Wser Coondinate: Method

DO USER O v Parrmanant Change L

The change can be confirmed as shown below.

Current Settings

Orifset Uy Crieniation (")
Coord O
(=0 |

Coord 2
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- Set Function: Jacobian based Speed Control
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This feature allows you to turn on or off an algorithm that automatically adjusts the speed

when the robot approaches an undesirable posture or configuration.

- Set Function: External F/T sensor signal
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This function resets the external F/T sensor signal to 0 (N). Because it is a sub-function of

Set, it returns to the default value when the program ends.

219



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

- Set Function: Joint = Point
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This function allows you to assign the coordinate values corresponding to a joint variable
to a point variable. You can use a previously declared joint variable or pin joint and assign
it to the joint name, and use a point variable or pin point for the point name. Because it is

a sub-function of Set, it returns to the default value when the program ends.
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- Set Function: Point = Joint
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This function allows you to assign the joint angle corresponding to a point variable to a

joint variable. You can use a previously declared point variable or pin point for the point

name and a joint variable or pin joint for the joint name. Because it is a sub-function of

Set, it returns to the default value when the program ends.
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- Set Function: TCP Linear Speed Limit
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This function allows you to limit the linear speed of the robot's TCP. Because it is a sub-

function of Set, it returns to the default value when the program ends.
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- Set Function: Force Control Displacement Limit
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When using force control, the robot moves in a certain direction to measure the force

with the sensor. This function limits the displacement during such movement.

- Set Function: Motion Break

This function is similar to the "Finish At" function but can be used in cases where
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communication is received from a thread that is not supported by the "Finish At" function

to set conditions.
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- Set Function: Vibrating Motion
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By setting an axis and specifying amplitude and frequency phase, this function makes the

robot vibrate in the specified axis direction.
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- Set Function: Move L Deadzone Avoidance
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This feature enables the robot to avoid a deadzone with a diameter of 15cm from the
center of the robot arm. If the robot arm approaches the deadzone, it will move to avoid

it.

- Set Function: Axis Aligned Posture Calculation
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This function aligns the posture in the direction of the specified axis based on the point

variable you designate.
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- Set Function: Position control Signal Smoothing
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This function applies a low-pass filter to the position control signal outputted to the
robot's servo motor. Increasing the filter value can make the movement smoother, though

it may deviate slightly from the original trajectory.

- Set Function: Disable Control Box Designated Input
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This function enables or disables special functions assigned to digital inputs on the
control box under the I/O-1 section of the Setup. Because it is a sub-function of Set, it

returns to the default value when the program ends.
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- Set Function: Robot Self Vibration
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Robot self-vibration implements a motion where the robot vibrates according to the

specified time, frequency, and vibration intensity settings.

- Set Function: PFL Mode
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PFL (Power and Force Limit) Mode uses the robot's motion data and tool information to

simulate the collision risk at various positions.
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- Set Function: Gravity Compensation Mode(Current Control)
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Enabling Gravity Compensation Mode (current control) switches the robot to direct
teaching mode. In this mode, the robot generates force in the direction necessary to

compensate for gravity according to the amount of force set during direct teaching.
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- Set Function: Landmark Based Fitting
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This function automatically calculates and applies an offset to the robot's trajectory based
on three user-defined landmarks. For reference points, input the teaching information
defined initially during direct teaching. For current landmarks, input the positional

information acquired through sensors, such as vision systems.
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Bl TCP Set Function:

&

TCPSet

[ eowe

List

Defaudt TCP L%
Dafadt TCP

1Tl 1

2 Tool 2

FTeod 3

4: Tool_4

5 Tool 5

The ability to change the TCP value during program execution with the TCP value pre-
saved in Setup-Tool List. A total of five tools can be set to TCP. It does not change again

until the TCP value is replaced or the program is shut down.
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B Manual Direct Teaching (Manual.D) Function:
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o Thils s functicn that allows you 0 pause program exscuticn and use direct teaching.

A feature that enables direct teaching during program execution. When mode On, the
program pauses when the manual direct teaching command is executed and a pop-up

window as shown below appears on the screen.
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Direct Teaching Section

This is function that allows you to pause program execution and use direct teaching.

You can select four features in the pop-up window.
@ Use the direct teaching feature while the program is paused.

@ If you used the direct teaching feature in @, turn off the direct contact function and
resume the program.

® Ignore the manual operation and resume the program.

@  Exit the program.
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B Moving Point (M.Point) Function:

M.Point

Maoving Point
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The M.Point function is designed for synchronized control between the robot arm and
external axes. If you want synchronized control, you can click the checkbox to the right of
the target point for the external axis. If you prefer standard control instead of
synchronized control, you can uncheck the box and use the controls in the top-left to
operate only the robot arm independently. If a script command is entered in the script

field below, the specified script will be executed when the robot reaches that position.
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B Repeat Function:

Z)

Repeat

Repetition statement. Repeat the program below the specified condition or number of times.
There are four modes. Repeat a specified number of times, Do While functionality that repeats
the specified condition for a true period of time, but runs the first time, even if the condition is

not true, Repeat while the specified condition is true, End repeat if the condition is true.

After clicking the Repeat button, a popup menu containing the four modes will appear. Once it
opens, select and use the desired function.

1) Repeat a specified number of times (Time Condition)

Do While:

Time Condition H 9 Exit Condition

1

s Entering & negative numbser Tor the nuember of
repatitions results in sn infinite koop.

Ex) The above example will repeat a subprogram 1 times.
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2) Do While Function
L Ree:

Coo While Hudding L
Time Condition Mathed Cendition Exit Conditian
Condition: | S0 _DIGITAL_IN_8 == True
Sat Close

Ex) The conditional statement you entered in Condition repeats for a true period of time,

but it repeats the first time, even if it is not true.
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3) Repeat while the specified condition is true (Holding Condition)

Do Whille: Hodding
Marithod Condition Exit
Condition: S0_DIGITAL_IN_1 == True
Set Close

Ex) If the conditional statement entered in Condition is true, repeat it again and again.
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4) End repeat if the condition is true (Exit Condition)
o Repet |

Do While Haldng

Time Condition Matt Consdh Exit Condition
Condition: |S0_DIGITAL_IN_2 == True
Set Clase

Ex) If the conditional statement you entered in Condition is true, stop repeating and

execute the following command.
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B Break Function:

This is a function to forcibly terminate the Repeat (break) or move to the top of the Repeat
(continue). Even if the Repeat condition determines that the subprogram should continue, the
Break function can be used to escape the Repeat. The Continue function is used into the

Repeat function, and when used, it moves to the top of the Repeat without executing the

subprogram.

In addition to the break function, there are other features for controlling program flow, such as
the Continue function, which moves the program flow back to the top of a loop; the Program
Logic Jump To function, which allows you to jump to a specific point marked by Program Logic

Jump Here; and the Program Logic Jump to Folder function, which allows you to jump to a

folder in the program.

It can only be used as a subitem of the Repeat function — it cannot affect any other part of the
program.

et
Program logic jump Te
Program logic jump Here

| Program logic jump To Folder
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Case 1:
Condition is False
l & Break/Continue

Break/Continue

Repeat
CMD # 3

Repeat
Done

Command
#N

Case 2:
: Condition is True
l & Break

Repeat
CMD # 3

Terminate

Command ‘Repeat'
#N

RAINBOW
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Case 3:
Condition i1s True
l & Continue

Go to the top
of 'Repeat’

Continue

Repeat
CMD # 3
Command
#N

If a repeat break and continue are used, it will behave as shown in the figure above.

* Example of break function

In the example below, there is an infinite loop, and the program is set to execute the
break function based on an If condition. If the condition is not met, the loop will continue
indefinitely. However, once the condition is met, the loop will exit, and the next command

will be executed.

Begin
& = MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait — 10sec

3 @ ¢ Repeat
&) if —SD_DIGITAL_IN_OSD DIGITAL_IN_O == True
£ ]
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* Example of continue function

In the example below, there is an infinite loop, and the program is set to execute the
continue function based on an If condition. If the condition is not met, the loop will repeat
all its contents. However, once the condition is met, the program will skip the instructions

below the continue function and jump to the instructions above it.

1 @ = Moveld

/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
2 L Wait — 1.0sec
3 @ ¢ Repeat

® “< If -+ SD _DIGITAL_IN_OSD_DIGITAL_IN_O == True
Rra continue
L Wait - 1.0sec

* Example of Program Logic Jump To and Here

In the example below, there is an infinite loop, and the program is set to execute the
Program Logic Jump To function based on an If condition. If the condition is not met, the
loop will repeat all its contents. However, once the condition is met, the program will skip
the instructions below the Program Logic Jump To function and execute the commands

after the Program Logic Jump Here function.

Beqir
® “» MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait — 1.0sec
@ ¢ Repeat

© < If — SD_DIGITAL_IN_OSD_DIGITAL_IN_O == True
RE Program logic jump T¢ ]

L Wait — 1.0sec
3 Program logic ji
L Wait — 1.O0sec
End
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* Example of Program Logic Jump To Folder

In the example below, there is an infinite loop, and the program is set to execute the
Program Logic Jump To Folder function based on an If condition. If the condition is not
met, the loop will repeat all its contents. However, once the condition is met, the program
will skip the instructions below the Program Logic Jump To Folder function and execute

the commands inside the folder.

® -MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait — 1.0sec
® ¢ Repeat
© < If —+ SD_DIGITAL_IN_OSD_DIGITAL_IN_O == True

B3 Program logic jump To Folder : work1
L Wait - 1.0sec
® W workl
L Wait — .0sec
L Wait - 1.0sec
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B Thread Function:

1

Thread

Will create a separate program tree called “Thread.” This program will run in parallel (at
the same time) with the main program. However, the thread program tree is limited to
using functions that do NOT control robot operation. In other words, the user cannot put

a Move, Point, or Circle function in the thread program tree.

Thread #1 Thread #2

Command
#1

Command Thread 1 Thread 2
#2 CMD. #2 CMD. #2

Command Thread 1 Thread 2

# 3 CMD. #3 CMD. #3

Command
# N

As shown above, the Thread Function is configured in parallel with the main program.

® Threads do not repeat automatically and will end when the main program ends — even
if the thread has not completed. To implement a Repeat Function, highlight a
command within the Thread program tree and press the Repeat icon. To implement a
thread that repeats every second, use the Thread icon, use the Repeat Function within
that thread, then place a one second Wait Function within the Repeat.

® The Thread Function will support only up to 3 different threads.

® Thread functionality works only in the current running program. If a subprogram called

through a Sub.P function uses a thread, it will not work properly.
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Thread types are as follows:

® General Thread: It stops with the user's intentional pause, alarm, collision detection,

etc.
® Non-Stop Thread: It does not stop except for collision detection.
® Non-Stop Thread2: It doesn't stop until the program Halt.

® Event General Thread: This is a General thread executed by the event thread call

function in the main program.

® Event Non-Stop Thread: It is a non-stop thread that is executed by the event thread

call function in the main program.

» start <
Evend Tread e a mY Event#'thead

E.Thread 1
CMD. #1

E.Thread 1
CMD. #2

As shown in the figure above, the event thread starts running when the event thread call

Command
#N

End

function is used in the main program.

The figure below is an example of how the Thread function can be inserted into an actual

project. In the example below, two threads are inserted.
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WARNING

Warning:
1)  For the stability of the program, the use of threads is not recommended within any
program called by Sub.P.
2) Commands such as Move or Circle Functions cannot be placed within a thread.

3) When using Pause or Alarm function, both main program and thread are paused. When

the main program exits, the thread will also exit — even if the thread has not yet finished

executing.
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B G Code Function:

Q

G Code Runiner

File Marme Fibe Farmat
gede i

Refererce Coordirate User Coondinate O . e

Initissl Plane XY planeg [ L

Indtid Vielocity  (mimys) | 18 Max. Velocity (meny/s) | 20

Dfet tvem? X B L £ |8

s Belone cperating as & real robof be surne 1o chick it by siralation
o M cocle and § code ane not supported

This function allows the robot to move to the path stored in the G code.

The G code file must be stored in a folder at the specified path
(WTablet#AndroidW#datat¥com.rainbow.cobot#fileswork) in advance to be available. Enter
the name of the G code file that user saved in File Name. The plane in which the robot
moves can then specify the xy, yz, and zx planes of the user-specified coordinate system

as the starting planes.
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B Replay Function:

O

LY
Appromch b8 8 STarting point
L-type L
Welocity 0% Mg o
L] L ]
Save MOthon playback
L-type W It d
Welocity % A O
L L
Finish a1 SRipping time
Fat =]

This function is to play the recorded teaching motion. Motion recording is performed in
the settings of the Make page. If you select the name and motion speed/property of the

recorded motion, the recorded motion is played again.
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B ArcSensing Function:

ArcSensing

T

e Spnaing On /O Ol i
This func e sdhusts the TOP paition by recehing feedback from the weidng oaent thcugh an
g npt wgnal

LAurc-sermang Ond rreent B irmserted afior B Lage - On i furscbion

H & recommended bo nsert Ui -sevamg O before the [ -Crf ) Burcton

Thee wses naeesds bo scale e size of this curentor voltage sgnal bo be messsned controled acomrdng 1o
e aruslog ingeut risnige D0 B0 prosided ry Finksow

The grereral art nering fums bon 5.4 Gno-very tontol functon
Wit Dhrre b e saprmandg funs bom m & mth direchon < pntro burc bon caed fogether weith Weasang ?

i orciew o use tha Wi Ciress Bion arg senaing funs Bon, 8 all servsor for ourment messunemant and a
Froigh - i ny DR ey Lo Yt b e

RAINBOW
ROBOTICS

Arc sensing is a function designed to maintain welding quality by using the current of the

welding machine to compensate for issues caused by the misalignment of the workpiece

or inaccuracies in teaching during welding. Arc sensing is divided into unidirectional arc

sensing and multidirectional arc sensing. For use with weaving, multidirectional arc sensing

should be applied.
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Arg Senadng OnsOM On
Arc Sersing epat

Sensing Input Chanmel Tracking Target Value

..lrda-; Inpeat O Time based sertting

AT {sac) AT (sec)

.l.l 8.1

t I.!lu-nﬂ--r- BTT e e
]' am an d " i S e b
- e Pep ey
l L o
B .
. ] "

Are Seraing Contral

Frrams: Al

CHobal (Base) =i

Tracking Geain [ speed ferror) Wariation Limit (mm)

] -]

Low Pass Filter [Hr) Variation Speed Limit (mmys)

108 50

Set Close
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In unidirectional arc sensing, you can set the average or target value of the input coming

from the analog input over a specific time period. Based on the input values, parameters

can be adjusted to determine the direction and degree of correction.
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In multidirectional arc sensing, the target value is set as the average of the input from the

analog input over a specific time period. You can configure how much correction is

needed to follow the target value in both the robot's movement direction and the

weaving direction. For advanced functions, you can adjust the responsiveness of arc

sensing and add intentional offsets by configuring the corresponding settings.
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B Motion Macro (M.Macro) Function:

b |

. "~.
M.Macro

[ el ]

Mucre Type Flat plane e
Piodtion Gpsed dmiws s 18
Pt Arr (Pl 18
Rotation sptiern intended | v |
[F1] Cornuer Paini | Masme PT_LAST TCP Ly [HIMumber of interyals 1
[P2] Corner Polnt 2 Hame PT_LAST_TCP | [ 1] Bar gin Grmem @
[PI] Corner Point 1 Name PT_LAST_TCP L DM Margin immt a
[P ]| Cartuer Paint 4 Nars PT_LAST_TCP | L DWW Mangin trmim) a
[MW] Was in fmmem) 8
DOV Masgin i 0
[OVISpeedMag 0% | 1pg
Fiish at [False [ stopping Time 8
Set Close

The system automatically generates actions based on the type of macro. (Flat plane,
Rounded Plane(R), Rounded Plane(H), Triangle Plane, 3D Round Plane, Expanding
Spiral(M), Expanding Spiral(P), Shrinking Spiral) At this time, teaching must be performed
according to each macro, and once the user sets the parameters to match the desired
shape, the desired actions can be automatically generated without needing to teach

individual points.
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B D.Out (Digital out) Function:

Allows the user to set the digital output of the control box. The user can set the digital
output signal of whichever port (0~15) they would like. Each port has three possible
settings: high signal, low signal, and bypass.

After adding the D.Out function to the program, click on D.Out in the program tree to

have the following pop-up window appear.

| Creneral cagtpeat L [| Praview |
___________ il e - — -
Control box Configuration 1
|
I Current Signal :
| o m 4 = B m B = 1
I
I 1 L] ] L] 9 L] =} L] :
I : @ & ® W E W = 1
- [ | 7 [ | n u s ] 1
______________________ o
_______________________
Target Signal |
| |
| o 4 8 -3 1
I 1
| 1 3 ] n
1
I 2 [ ] " |
1 |
1 3 ] n 5 1
e ——— o
Brypams Biow Hpgh Cperal K uncfaon
| I
l Sot | Closa
T T T T d

@ Selection the detailed features available in the D.out function.
@ Shows the status of the current Digital Out output from the control box.

® Allows the user to set their desired setting for a port (0~15). The three setting
toggles are Bypass, Low and High.

Bypass: Maintains the previous output signal state (gray).

Low: Sets the output signal to the low (0) level (red).
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High: Sets the output signal to the high (1) level (green).

@ Allows the user to review the settings selected within the target signal menu. A

further explanation is shown below.

® Saves the settings specified within target signal menu.

- D.Out : General output

Peermacs Crierer sl cutpast L Praview
Control bom Conffiguration
Current Sigaal
<] u 4 | | B ] | ¥ u
1 | 5 || L ] £ ]
i ] & | w n ] ]
2 ] T L] n L] -] ]
Target Sagnal
] L] a L+
] 5 k] m
2 & o "
3 7 L L+
Biygearicn ELow BEHgh Special Functon
Sat Clase

With the control box connected to the teaching pendant, set the Target Signal menu as
shown above (to the right). Then, press the Preview button. As shown above, the Current
Signal menu will change to match the settings that the user has put in the Target Signal

menu.
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Memo Genecal output v Preview
Control box Configuration
Current Signal
o =3 4 - 8 = » L]
1 n 5 = 9 = 3 -
2 o “ B v = “ L]
2 = 7 L n B " “w
Target Signal
o —-— 4 8 — 2
1 5 —-— 9 o e
2 L ©0 i
3 -— 7 n R 13 -
Bypass Blonw WHN Specal Functon
Set Close
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- D.Out: Bit Combination

You can select the start and end ports, then input the desired value into the target field
to output a digital signal using a bit combination. Here, the start and end ports represent
the bit positions. For example, if you set the start port to port 0 and the end port to port
3, it corresponds to a 4-bit signal. When you input a decimal value in the target field, it
will be converted into its binary equivalent, and the corresponding ports will turn on

based on the value.

Mmoo B Combsnation w Preview
Casnibrod box Configuration
Crarrgnt Sigral
(=] u 4 || L] || -3 L]
1 u 5 L] ] | 0 |
2 u & u L] u 2] ||
3 u 7T u n u -3 u
Target Signal
Bit Comnbinarthon Rage Target Value
Dot O L Drout O b
Start Port End Port
Option | Maormnal Dir w
Sst Clase

When the control box is connected to the tablet PC, you can configure the target signal
field as shown in the figure below, and by pressing the preview button, the control box

will output the digital signal as displayed.
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P Bit Commbsration W Pranvies
Contred bax Configuration
Current Signal
@ 4 | ] ] - ]
1 ] L] & ] u ]
2 & L] w u ] L]
3 [ ] t n f ] -1 ]
Target Signal
Bit Combination Ruge Target Valus
Chasut w Choust 7 w 180
Start Port End Port
Option  Monmal D e
Sat =

As shown in the above figure, if you choose the "forward" option, port 0 will be the LSB
and port 7 will be the MSB. Converting the decimal value 100 to binary gives 0110 0100,
which means ports 2, 5, and 6 will turn HIGH. Conversely, if you choose the "reverse"
option, port 0 will be the MSB and port 7 will be the LSB, resulting in ports 1, 2, and 5
turning HIGH.
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- D.Out: Signal Toggle

RAINBOW
ROBOTICS

The signal will be toggled, meaning signals that are HIGH will become LOW, and those

that are LOW will become HIGH.

T

Psma

.|

Bypass W Sgnal Teggie

Cionitrod bon Configuration

Set

Signal Togege
Current Sigasl

4 ] 8

5 | §

13 ] ]

7 u n
Target Signal

4 B

5 - 9

Special Fusction

Preview

With the control box connected to the tablet PC, you can configure the target signal field

as shown in the figure above (toggled signals are displayed in blue). By pressing the

Preview button, the digital output signal from the control box will be toggled, as shown in

the following figure.
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Memo Soral Togghe L Provires
Control box Configuration
Current Sagnal
L] [ | 4 u B | = u
1 5 || 9 = |
2 L] L] W
a 7 L] L]
Target Signal
0 - F B o
1 5 — 0 5] —
z 5 — ] i g —
Ed A— ¥ n — =
Bypma  BSgraiTogge  Speca Funcbon
Sat Closkr

257



RAINBOW ROBOTICS

RB SERIES _ USER MANUAL

- D.Out: Whole port control

You can switch all output ports to HIGH or LOW at once.

Digital Out

|

Marma Bt Comnbination o \ Provbew
Control Box Configuration
Current Signal
o == = B - 7 -
1 - - 9 == 2 -
1 = - N = —-—
3 = -— n - —
Target Signal
All digital output
Off ~
Set Close

RAINBOW
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When the control box is connected to the tablet PC, set the target signal field as shown in

the figure above, and press the Preview button. The control box will output the digital

signal, and you will be able to see that the signal has changed, as shown in the figure

below.

258



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

Mema WikHe ot fonlrol w Praview
Control box Configaration
Current Signal
1] | 4 u B u = u
1 k] u | || & ] n
] & ] w =N ]
3 F n i "
Target Signal
Al digital cutput
on L
Sat Clase
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- D.Out: Unit Pulse shot

You can select the port you want to use and input a time between 0 and 3 seconds for T1

to T3. The pulse signal will be output according to the set time.

Mems Linit Pl shat b Praview
Control box Configuaration
Cusrrent Shgrad
o ] 4 | | B ] o =
1 ] -3 | | -] ] ! -
F ] & | | w N w
3 u 7 L] m u = L}
Target Signal
Port Selection Puliie mode
Duout O | || Gepneral Type [ w
T1(sec) T2 (sec) T3 (e} -
o 1 L]
Set Clorse

When the control box is connected to the tablet PC, configure the target signal field as
shown in the figure above and press the Preview button. The control box will then output
a digital signal.
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Mema Linit Pulse shat b Previes
Control box Configuration
Current Skgnal
a =u 4 [ ] B ] = ]
1 5 ] ] =
2 L] L] w
3 r n
Target Sagnal
Port Selection Pube mode
Dot O | || Gonaral Type [ o | !
Ti (8] T2 {aac) LELL ] L
2 3 F
Sat Close

If you set T1 to 2 seconds, T2 to 3 seconds, and T3 to 2 seconds, the pulse will be
generated for each set time when previewed. Additionally, if you set the pulse mode to
"normal pulse,” the LOW-HIGH-LOW signal cycle will be set, as shown on the right. In
"inverted pulse" mode, the HIGH-LOW-HIGH signal cycle will be set. Both normal and
inverted pulses have a separate Non-Block mode. In Non-Block mode, the next command
will be executed in parallel while the pulse is being output. If Non-Block mode is not
used, the unit pulse output process will wait for the full cycle to complete before

proceeding to the next command.
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- D.Out: Pulse Width Modulation(PWM)

This is the PWM (Pulse Width Modulation) output function. By inputting the frequency
and duty cycle of the PWM pulse, you can send a PWM signal through the digital output

port.
PWM Ex 1)
-
Memo Pulse Width Modulation [PWM) o Provisw
Control box Confeguration
[ Current Seghal
o =u 4 u B = 2 =
1 = 5 0 9 n
2 [ ] bt
3 7 n ]
Tar get Signal
Pare He. On J off
D O W O W
Frequency (Hz) Doty %)
180 k1]
St Close
+«» Duty: 30%

O )

>

10 msec (100 Hz)
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Miemea P Wicith Mochulation [PWM] Tt Praview
Controd box Configuanation
Cusrent Sigral
=] | ] 4 | | E:] | | B2 [ |
1 [ ] 5 [ ] L] [ ] ] [ ]
F ] 13 [ ] ] [ ] W [ ]
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Target Sigral
Pt Mo O O
Dot O W | {=2}1 o
Frequency (Hz) Dty (%)
28 | i ]
Set Close
Duty : 70%

DOut 4 | | L

50 msec (20 Hz)
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- D.Out: Condition Based out

In addition to using the D.Out function, you can create commands to send digital outputs

using the script function, as shown below.

I

Fema Condtion Based out o Previes
Control box Configuration
Cusient Shgaal
=] ] 4 | E: ] [+ u
1 ] 5 u 5 ] i) u
z ] & ] L ] L}
2 L} 7 L] n L] L3 L
Target Signal
Port Selection Dutier Condition Mathad Sgnal
Dhznit O [ we | | Buffer 0 | we | | DireetOut W || Lo (O [ w
Sat Clase

X Script function: manual_digital_out(port number, output level)

h Assign — Variable : port_num=3

rh Assign — Variable: level_select=1
«3 Script — manual_digital_out(port_num,level_select)
End
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WARNING

Warning:

1) If a special function is assigned to a specific digital output port in Setup-1/0O, that port is
not available through the D.out function.

2) If a special function is assigned to a specific digital output port, it will be indicated in
color yellow.

3) If you want to leave a comment about the D.out function you set, you can use the memo
function at the top right of the popup window.

4) Before using the digital output, please fully understand the electrical properties of the

digital output port provided by the manufacturer.
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B An.out (Analog out) Function:

W}

An.Out

The Analog Out Function controls the analog output of the control box. Outputs the
selected voltage through the target (0~3) analog ports. Each port can output a voltage
range of 0~10V.

After adding An.Out to the program, click on An.out in the program tree to open the

following popup window.

—,M
| | Seeeal Anadog cuspu w il Preview |

g e ——— il-———--
1 Current Signal | :
| o 1 F 1 I
p- o © o I
H Tegsged | 1
] o 1 2 3 :
|
I 1
I O o o O :
e p—

| [

[ Sat ' Clode

T T T T I 4

@ You can configure the features provided in An.Out.

®

Displays the current status of the Analog Out being output by the control box.

® This setting maintains the existing voltage output. Check the checkbox and
input the desired voltage (0-10V) to set the voltage.

@ This function allows you to preview the settings selected in item 3.

® This configures the An. Output function with the settings selected in item 3.
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- An.Out: General Analog output

MemD General Analog output [ o Pravies
Control bow Configuration
Current Sigaal
4] ] 2 3
[+] 4] [+] o
Target Signal
[ L] s a
2 4 [} a
B B B @
Sat Closay

When the control box is connected to the tablet PC, set the Target Signal field as shown
in the figure above, and press the Preview button. The control box will output the analog

signal, as shown below. You can see that the Current Signal field on the left side of the
image has changed.
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- An.Out: Speed based Analog output

Merra Speed based Analog cutput w Pranviinw
Contral bax Configuration
Current Sigral
a 1 2 : |
F) 4 & &
Target Signal
Channa| rumbar LY T L] W
ey ol - -
Spesdlowimmisy @ -l""‘il

Spaed High (mmal a

r «
Wehags 100 L] ¥ —

Vilage 2000 8

Sets speed-based analog output for the analog output channel corresponding to the
channel number. When you set On in the On/Off setting, the output voltage is based on
the TCP speed. If the TCP speed is lower than the speed set in Speed Low, the output
voltage is set to the value in Voltage_1. If the TCP speed is between Speed Low and
Speed High, the output voltage increases proportionally to the TCP speed, up to the value
set in Voltage_2. The output voltage, increasing proportionally with TCP speed, is limited

by the voltage set in Voltage_2.

In addition to using the An.Out function, you can also create commands to send analog

output using the script function, as shown below.

X Script function: manual_analog_out(port number, output voltage)

» Variable : port_num=3

rh Assign — Variable : voltage=1

3 Script — manual_analog_out(port_num, voltage)
End
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WARNING

Warning:
1) If you want to leave a comment about the A.out function you set, you can use the memo
function at the top right of the popup window.

2) Before using the analog output, please fully understand the electrical properties of the

analog output port provided by the manufacturer.
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Bl Tool Out Function:

(H

Tool.Out

The tool flange has two digital outputs. Signals from two digital outputs can be specified.
In addition, the level of voltage to be output from the tool flange (OV or 12V or 24V) can
be adjusted together. Click the Tool Icon to add it to the program. Click on Tool in the

program tree to have the following pop-up window appear.

Tool Output Configuration

@ Shows the current status of the tool flange output at the end of the robot.

@ Sets desired voltage and digital output. The output voltage can be selected between
0V, 12V, and 24V. There is also an option to Bypass. The digital output can be
toggled between Bypass, Low, and High.

® Allows the user to preview the settings selected within the target signal menu. A

further explanation is shown below.

@ Saves the settings specified within target signal menu.
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Memn Previes
Tisol Cutput Voltage
[ Current Voltage Target Voltage
L] —
Bypass [ <) 24

Digital Output

Current Sonal Target Sgnal

s — —
o 1 o 1

Bypass  ELsw B Hgh

Set Close

With the control box connected to the teaching pendant, and after activating the robot,
set the Target Signal menu as shown above. Then press the Preview button to preview the
tool flange output signal. The Current Signal menu will change to match the settings that

the user has put in the Target Signal menu.
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Tool Output Configuration

Tool Output Voltage

I Current Voltage ‘ ’ Target Voltage
o] —_—
Bypass [¢] 12 24
Digital Output
Current Signal ‘ ‘ Target Signal
| m - -
0 1 ] 1

Bypass M Low M High

Set Close

WARNING

Warning:
1) The user can add a comment about the Tool.out function by using the memo function at
the top left of the popup window.

2) Before using the tool flange output, please fully understand the electrical properties of

the port provided by the manufacturer.
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B Gripper Function:

4

Gripper

This is a dedicated function for the gripper dedicated to cooperative robots. It is possible
to conveniently test and insert into the program and use of cooperative robot grippers
from various companies such as Robotiqg's grippers. It is not a simple I/O method, but it is
a function that helps users to use a gripper that is cumbersome to write by using serial
communication such as RS485 or using CRC.

Add the gripper function to the program tree and click the added Gripper as below.

M
Test St (==
@ Select the gripper product.
) Select gripper connection point(Control Box, Tool Flange).
® Select the function to be used as the gripper.
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WARNING

Warning:

1) The product list provided in the gripper function will be updated through user request.
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B Extension Board (I/O Extend) Function:

g

YO Extend
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G g i

PRI —

Pricss

A feature that controls digital/analog output when purchasing and using an extended 1/0

module. The method of use is the same as the existing D.output and An.output.
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B ArcWeld Function:

%

ArcWeld

JArg Function Wsldineg Conadithon

Arg On W Manwial W
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1) Early waiting il
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5) Waiting for Follvwsup T e
Option: Pauss stutis cpaation Arcsigrnl control | v
Optian | Spedd Rar contial At 00N v
Dpition: Arc-0n Retry Fum [ ] Tine Gap | &

Sat Close

This is a special function for arc welding. A special macro function designed to quickly
enable implementable functions, such as Wait/D.out. To use this function, the Device field
on the Setup page must precede setting the parameters and connection information for
the welder.

As illustrated above, this feature allows quick and easy insertion of weld speed/weld
current / voltage settings / safety signal processing options into the program to be used
for welding.
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B D.Weld Function:

It is a function that can use the digital weld machine. After selecting the weld machine to
be used, user can proceed with ‘Weld Start’, ‘Weld Off,, and ‘Weld Setting'.
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B Script Function:

Allows the user to write custom scripts. These scripts allow for custom
operations/calculations. The Script Function also allows for functions such as variable

substitution and assignment. There are two modes: single-input mode and multi-input
mode.

Add the script function to the program tree and click the added script function. The
following popup window will appear.

You can freely input the desired script here. Functions such as variable operations, variable
replacement, and variable assignment can be freely entered using the keyboard. If you
want to use multiple lines of the script function at the same time, you can use the Add
button at the bottom of the popup window.
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When you select the mode as Multiple Input, a popup window like the one below will
appear.

delre, Eedala, it
wvarl = 18

vard = M

You can use multiple scripts without needing an additional button.

The example below shows a program that creates a loop (Repeat) that runs every 1

second. During each repetition, a variable called counter is incremented by 1 using the
Assign function within the script.

—
—

Tharwad

= Counfer = founfer & [

Tossrhiian

=

[ e P

Load Sirve S 8% L)
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In the example below, the robot moves to a specific pose using the Move J function, and
the name start_point is assigned to this pose (using the function to name points). Then, a

loop (Repeat) is used to move with the Move L function four times.

® Here, the Move L function uses the Relative Point feature to move by delta_z in the
z-direction relative to the previously declared start_point (refer to the relative point
function of the linear movement family in the point functions).

® At the end of the loop, the delta_z value is increased by 50 using the Script function

(the delta_z variable is declared earlier in the program using the Assign function).

In conclusion, the robot moves to the initial position with Move J, saves that position as

start_point, and then moves down by 50mm four times using Move L in the loop.

| Analgn - Variskde : deits reS0
Mave J
£=1Point — fa) 800000, 3 000000, 00 000

Papsat - 4 Timas

B = Movel

L 1Pgdnt Q. s proded Firaen b’ (TRase )

Boriod

WARNING

Warning:

1) The script function is an area where the user can freely write and execute a script.

2) If the users write a script that doesn't match the syntax, the program may malfunction or

stop. Be mindful and use the proper syntax when using this feature.
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H Assign Function:

Declare and designate the value of a variable. Variables can be changed through the
program to allow for greater flexibility with conditionals.

A variable can be one of the 5 following types:

Variable Type: Saves a single numerical (float) variable.

Array Type: Saves multiple values in a list. The maximum length is 10.

°

°

® Point Type: Saves position information (saves ¥, y, z, Rx, Ry, Rz).

® Joint Type: Saves joint angle information (saves JO, J1, J2, J3, J4, J5).
°

String Type: Saves a string (alphabetic and numerical characters - e.g.
"ASDF1234").

When the Assign function is added to the program tree, it will look as shown below.

- Assign — Variable :

End

To assign a variable, click on Assign and a popup will appear. Then, the variable can then
be assigned within the popup. Multiple variables can be declared by clicking the Add
button. To save the variable, click on the Set button. If multiple declarations are made, the
program tree will show how many variables of each type were declared.

If a declaration is made, the variable name and initial value will be displayed on the tree

as shown below.

r Assign — Variable: my_var=3.14

End

281



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

An example popup window of the Assign function is shown below.

0. 0. 90 _ -

| Dectare type | [rwtiss v ade |
|| varistie v ,P-yv-» L PRT |
i
I acesy v l:l’_lyr :: (100,200, 300) "
|
i Poret v ‘;-,_»ne How 2. o) ) |
|
| Joet v "..,;un M (0.00,0.90.0.00,0.4 2] |
| I -
Sty ik helle
| R 1] !
ot G EEert vIrnae
Avay Mvtie cevrerts vunstie
o8 s 1) shew STy vee—
oy st VRS R uep——
o " At gt o
~ - rtte -y e - g o
Set Cose

@ Declares the type of variable (Variable, Array, Point, Joint, String).
@ Sets the name of the variable.
® Sets the initial value during the declaration.
For the Variable Type, the initial value is set as a single number (e.g. 1).
For the Array type, place initial values within curly braces (e.g., {100, 200, 300}).

For the Point, Joint type, use curly braces around the initial values, which will be in
the form of an array of six lengths, (e.g. {300, 300, 300, O, 90, 0}).

For the String type, put use quotations around the string for the initial value (e.g.,
"hello_rb5").

@ Button for the Point/Joint type.
The six coordinates (Point: x, y, z, Rx, Ry, Rz / Joint : JO, J1, J2, J3, J4, J5) of the current

robot configuration are imported as initial values.

282



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

B Monitor Function:

P

Monitor

This function is used to select variables (single variables, arrays, point variables, etc.) that
the user wants to observe in real time while the program is running. Variables declared in
the Monitor function can be viewed by clicking the monitor icon on the right side of the

Make / Play page.

rh Assign — Variable: my_count=0
: @ ¢ Repeat — 10 Times
L Wait — 1L0sec
Script — my_count=my_count+1
End

., Monitoring — my_count

In the program example above, a variable named 'my_count’ is declared. The Repeat
function increments ‘my_count’ by 1 every second. By using the Monitor function, the user
can select the ‘'my_count’ variable as the object to observe. As shown in the above image,

in the Monitoring window, the user can enter the name of the variable to be observed.

If the user wants to observe the value of the monitored variable, they can click the

Monitor icon on the right side of the screen.
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After that, if the user presses the play (I>) button, they can observe the value of

‘my_count’ increasing every second.
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B RS485 Function:

This function allows the user to set the RS485/232 output for the tool flange or the
control Box. Users can output in ASCIl mode, or in HEX mode. The Ul Tablet (Teaching

pendant) only supports Ul485 Tx. The configuration can be previewed through the Preview
button on the right side of the popup window.

Y

Preview
Tx device Duata Type
Tzl Sk 4 ASCH W
Set Clase
[ ASCIl mode ]
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RS485Tx

Previes

Tr device Diata Type
Tl Siete HIEX, o

| 2 3 4 5 [ 7
i O =1 13 [+13

fi 9 0 n 2 13 i
Leil Om Om o o

15 -] 1) -] -] 0 21
L] (=1} O O [+

a2 2 24 &5 Fail r 3
Lel] Qx =} [+ [+

o) 30 n I2
o o

Close
[ HEX mode ]

RAINBOW
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Baud rate and other protocols (Parity bit, Stop bit) for use in Serial-Communication can be

set in Setup-Socket/Serial menu. Alternatively, the user can use the Set-Serial

Configuration option at the top of the project. To use serial communication on the box
side, plug a commercially available USB-Serial (RS232 / 422/485) device into the USB port.
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B Socket Function:

Socket

The Socket Function allows for socket communication. It provides the user the ability to
open sockets to connect, send request messages, and retrieve data to/from specific server.
Socket communication can be connected to at most 5 separate servers. The Socket
Function uses the IP settings as defined in the Setup screen. A user that would like to
change the IP settings can go to the Setup-Socket/Serial screen. The Socket Function

provides six different options as follows.

Skt {TCPUDPT Saiting Sarial (RSAE5EY e ity
Camtrol-llas P Address Tool Flnge

L Plsrd Rt
I

Prariy by

Gatewiy 3 1 Biopbll

F w1 E il Sl viget Mol oM
Abwgy O

Dwts Port C3000 Abeays Om

Modban Server Port (5000 Ayt O
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I ——

Mumbser Type
4] W Closs il
Clesss
Oipary
Resd ASCH Wariable
Read ASCI Array
Read String
Séevd Siving

Clear Buller

® (lose: Closes the socket.
® Open: Opens socket and connects with server.

® Read ASCII Variable: Reads a value sent from the server. The user will

need to choose a variable to be overwritten with the received value.

® Read ASCIl Array: Reads an array sent from the server and puts it into an
array type.

® Read String: Reads a string from the server and puts it into a string type.
® Send String: Send the specified string to the server.

® (lear Buffer: Empty the buffer.

288



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

- Socket Function: Close

Humber Type
4] w Close w

This option closes the selected socket (0~4).
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- Socket Function: Open

Pumbser Type

[ [+ Open v
[ Port

192.168.0. 100 S0

Advanced Settings Mode 0 W

& Whasy 0UCLOLD i avritisnind] i tha 1P SSdinea, It CORratIg B SEraer moce i

I other Cases, it operates as Chent made

Mode 2 - InChent made, Kesp [y 10 Conmect s
Mode 3 : in Server mode, Simple Server Open

1
|
|
I Made 0 Maimal moce
1
i Mode 4 © In Server mode, Walt for chent connection afber server open

1
|
Maode 12 in Clend mode, Try bo connect server only onoe I
1
1
|

Opens the selected socket (0~4) and connects to the partner server. This option requires the

user to set the IP address and port number of the server they would like to connect to.
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- Socket Function: Read ASCII Variable

Musmibser
@

Wariable Livt

Contire reading until sucoess

Time Chat (Bec)

W

Type

Readd ASCI Variable

s

il

o 1 e it i e T Ot v, 1t widt el Firitlioly,

Closs

RAINBOW
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Allows the user to select one predefined variable (from the Assign Function) and overwrite

the value of that variable with a value received from the server. If you set Continue Read

to Enable until successful, you will set a timeout time, which will stop reading after that

time.
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- Socket Function: Read ASCII Array

Socket

Humiber Type
Q L Ruad ASCIH Asvary b
Arvay Lt
W
Continue reading until licoris Mt b
Set Clage

Allows the user to select one predefined array (from the Assign Function) and overwrite

the values contained within that array with the values of an array sent by the server.
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- Socket Function: Read String
L Seckec |

Mumbser Type

L+] w Fiead String e

Siving List

[ w

Coritirue resding wnhtll iueesis Mot s Ly
Sat Chose

This is the function to put the ASCII string received through Socket communication into

the selected string variable.
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- Socket Function: Send String

T S

Mumber Type
4] e Send String '
String

Ex: “my_string” Of 52 (Another string name)

Allows the user to send a specific string to the server. Users can enter a string directly in the

field or send a predefined string type variable.
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- Socket Function: Clear Buffer

L sede

Mumbaer Type
a . Clear Butfes W

Empty all the contents of the buffer for that number.

WARNING

Warning:

The syntax that needs to be followed:

In order to use the Read ASCII Variable, ASCII Array, and String options provided by the robot
manufacturer, the data format received from the server MUST follow the following format. If a

special communication grammar/syntax is required, please consult with the manufacturer.

Read ASCII Variable

When receiving a value from the server, the value must be sent as a numerical value. (i.e.

the numerical value hasn't to be contained within quotation marks)

(e.g. 123, 4567)
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Read ASCII Array

When the server wants to send an array, it must send the numbers enclosed in curly
braces {}. To separate the numbers, a comma (,) must be placed between each number.

(i.e. the array must not be sent as a string inside quotes).

(e.g. {100,200,300})

Read String

When the server sends a string, it must be in the format "this_is_string_from_server",
including the quotation marks. To check the connection status of socket communication

or whether a reply has been received, two internal variables are available as shown below.

Both internal variables can be optionally used in the Shared Data type.

- SD_SOCK_IS_OPEN_# (# represents socket number 0~4)

This variable store whether the socket with the corresponding number is successfully
opened and connected to the server. After Socket-Open, you can check if the socket is
properly connected using a condition like If(SD_SOCK_IS_OPEN_0).

- SD_SOCK_LAST_READ_# (# represents socket number 0~4)

This variable store whether the Read function has been successfully executed for the
corresponding socket number. For example, after Socket-ReadAsciiVariable, you can check
if the last Read function was successful with a condition like If(SD_SOCK_LAST READ_0). If

no data is received from the server, this variable will have a value of 0.

The figure below shows an example of the Socket Function.

A . String: request_msg="give_me_data" Declare the variable to receive data (return_value) and the variable to

A — Variable : return_value=0 send (request_msg) via socket communication, respectively.

2UEH 0 — open=192.168.0.100,80 Connect an external device with IP address 192.168.0.100 to socket 0
th7| — 0.5sec through pert 80.
If — SD_SOCK_IS_OPEN_O = True

rh
h
®
~
¢

Y™ — Socket is not openned...!! If socket 0 is not opened, an alarm is raised and the program ends.
03=

23 &4 0 — sendrequest_msg

Send message to socket 0.
tf7| — 0.5sec
2 EL4 0 — get variable : return_value Specifies a variable to store data to be received through socket 0.
If — SD_SOCK_LAST_READ_O!=True

UZ — Socket Read Fail...!!
0z= the program ends.
3

If reading is not possible through socket 0, an alarm is raised and

C|H — return_value Output the read data.
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B Modbus TCP (Client) Function:

Provides the ability to request and receive data from a specific IP / address. Data request
frequency and format can be specified. The port number for Modbus TCP is fixed at 502
(Modbus standard). The protocols and formats associated with Modbus TCP servers are
listed in the Appendix I. The Modbus TCP client function must be added at the top of the

program under Pre.P.

» i ) |

————————————— """"""“""T"‘""""""'ll

1! Frequency ;
Read bit (1) v |y 0o 1 v
}w;;. ______ 1:1&‘75 Sy = 4

@ Field for entering the IP address of the server to connect as a Modbus client

@ Field for entering an ID for identification

® Field to select the signal type: Choose one from Read bit (1-bit), Read word (16-
bit), Write bit (1-bit), or Write word (16-bit).

@ Field for entering the address value to access on the server

® Field to select the cycle frequency for Read/Write operations (Unit: Hz)
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® Field to declare the variable name where the read value will be stored (for Read)

or the variable name for output (for Write)
@ Initial value of the variable set in step 5

Button to add the signal to be used

Below is an example of the Modbus Function settings.

w o
192.188.0. 180 E moD_TEST
Add

Exa I"I"IP|E 1)
iyt oy R ———————
1 Signal Type iddress Frequency 1
1| proadt bt iy w!| [0 1 w |l
1 Marmi Initinl vikis Tait :

mod_return_value o i
tmmp:b:&)-_:: e e
1| it bt (5 w200 w0 v (N
1 ' 1
1 1
I mod_write_bit L+] 'I
_______________________

Sat =

Example 1)
The ability to read word type information in address 100 of the server (IP: 192.168.0.100)
and put it in a variable called mod_return_value. The reading cycle of information is 1 Hz.
Example 2)

The ability to write the value stored in mod_write_bit to the address 200 of the server (IP:
192.168.0.100). Send the value of mod_write_bit to the server at a cycle of 100 Hz.
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B Interface Function:

=

Interface

The interface function is for connecting external devices such as PLC, HMI, and PC with

the control box. The list of external devices that can be used using the interface is as

follows.
® HMI (MemLink) - Proface, TOP
® PLC (MC Protocol) — Mitsubishi PLC
®  Music Player
® PLC (XGT Protocol) - LS Electric PLC
® (CSVFile
®  Pickit
® Modbus Client (Interrupt)
® OMRON PLC (FINS Protocol)
® Siemens PLC (S7 Protocol)
® OnRobot Eye

Because each external device has different detailed features available, you should refer to

the following information.
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- HMI(MemLink)- Connection Configure
[ etefae ]

Davice Type Function
HPI {Maembinik) L Connection Configure LT
Socket Mumber Socket number O w
HIME 1P A ] L Bl e
HMI Port Mum []
‘Whaen inftial Connsecticon Fall Al Popip o
When Comm-Effed sidis Alarm Popup W
Commusnikation Time out L0 s (chrfanaln) . e
O
—
Sat Cherir

A function that connects communication between the HMI and the RB system. User will
enter the socket number, IP address, and port. User can also decide whether to turn on or
ignore alarm pop-up in the event of a connection failure or communication error and set

a communication timeout time.
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- HMI(MemLink)-

Write Single variable

DCarvicn Type Function
HMI (Memlink]) e Wirite Snghe variable
Robot System HMI Device
— ;
Trans. Valse |0 Address | D

Trares. Vil - Variable rarmse of number to be tranaferred to HMI
Addieia | HMI pedceaia (0-THFD) vihas ta dific viarlable

< 20

RAINBOW
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The ability to enter values for one address of HMI. Enter a number or variable name for

the transfer value.
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- HMI(MemLink)- Read Single variable

Dwwice Type Function
HMI (Ml ink ) W P Sinsghe varisbie ~
Robot Syvtem HME Dapvice
L
Wariable Mame |8 Address B

W arialle Ml | Varisble naemee 19 ke B ko read froen bl
Adcness - Address vales (D-9393) to resd from H

The ability to read values from one address in HMI. The read values are stored in the

variable you specify (Variable).
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- HMI(MemLink)- Write Array

Device Type
HIMI (M ink ) W

Array Hans =

Langth []

Laregih : Humnber of data to be trarsmiited

Function

Write Ay

Hil Do

Start Addr |8

Aty Marme | Aty visriabile name 1o De translermed to HMI

Start Adkdr - SRart sddress valse (0-599593] o be saved in HMI

Chose

RAINBOW
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The ability to enter numbers from the starting address of the HMI to the specified number

of addresses. The pre-declared array must be written to Array Name and should not

exceed the maximum length of the array, 20.
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- HMI(MemLink)- Read Array
[ tefaee

Device Type Function
HII {Paninik) W Riaecd Arvary W
Reabat Syvtem il Crprvicr
Array Mamss = Slart Addr |8
Length L]

Mavary Marrv | Arvany vistiabbe nams (o Siore the valae read Trom HME

Skt Al - SEart ackdress (O~9950) value to resd from HM
Lenagth: Mumber of data to be requested

The ability to read data from the starting address of HMI to the specified number of
addresses. The pre-declared array must be written to Array Name and should not exceed

the maximum length of the array, 20.
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- PLC(MC Protocol)- Connection Configure

Device Type Function

Mitsubishi PLC (MC Protocal) w Connection Configure e
Socket Mamber Socket rumbeer O h
PLCIP Addr [] _ e AL L
IPLC Port Humi a
Pratocel Type MAC b-E Birusry b
When initial Conmectien Fal Adacrn Popup "
When Comme-Error oo Alarm Popup o
Communication Time out [0 sec etaity |~

Set Choso

A function that connects communications between the Mitsubishi PLC and the RB system.
User will enter the socket number, IP address, and port. User can also decide whether to
turn on or ignore alarm pop-up in the event of a connection failure or communication

error and set a communication timeout time.
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- PLC(MC Protocol)- Write Single variable
[ mtefee ]

Dnvics Type Function
Mitsubishi PLC (MC Protocol) L Wite Single variable b
Skt Humber Socket number O w
Robot System PLC
. =
Tramd Valus 0 Addresa D | v B

Trare. Vahsr - Variable name or ramber 1o be tramsfemed to PLC
dddness : PLC addross valse 1o send variabio

R

The ability to enter values for one address of PLC. Enter a number or variable name for

the transfer value.
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- PLC(MC Protocol)- Read Single variable

I

Device Type

Mitsubishi FLC (MO Protocol)

Skt Number

et System

Variabds Name B

Fruinction

e g Sirsglhar variabie:

Sochopt numbser O

M_D w8

‘Wariabde Marmss | WVarkable s 10 v the walee road frcsm PLTC
Address | Address value to read from PLC

T

RAINBOW
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The ability to read values from one address in PLC. The read values are stored in the

variable you specify (Variable).
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- PLC(MC Protocol)- Write Array
[ ot

Devics Type Function
Mitsubishi PLC (MC Protocal) o Wirite Arrary L4
Socket Mumber Socket runnbar O [ -
Rt System PLE
Array Mame = Seartaddr (D [ 8
Length 1]

drrary M : Arrary variabie namae to be transferned to PLC
Length: Humber of data to be tranamitied

Start Ackdr | Start addrrss valar 19 be pived in PLC

The ability to enter numbers from the starting address of the PLC to the specified number
of addresses. The pre-declared array must be written to Array Name and should not

exceed the maximum length of the array, 20.

308



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

- PLC(MC Protocol)- Read Array

[

Dwwice Type

Sorket Mumiber

Rabat System

Array Name

Langth : Mumber of data 1o be requested

Mitsubishi PLC (MC Protesal) |

Srart Addr - Start ackdness valse to nead from PLC

Fianctian
Rvael Asray

_E-AKEHWD

Advary Marni | Array variabbe name to stone th value nesd from PLC

Close

RAINBOW
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The ability to read data from the starting address of PLC to the specified number of

addresses. The pre-declared array must be written to Array Name and should not exceed

the maximum length of the array, 20.
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- Music Player
L tetsa

Davice Type
Miusic Plaper L'

mp3 o
Option & Play mathod | Wit Ut roeechian e, Bk |~ |
Opition 2: Viskumss (%) 1608
o Tha conviral bax dosd Aot hive b Built=in ipeaioer, External speakiort mut be d

to the front panel speakoer utput terminal biock

ol

This function plays an mp3 file while the program is running. The Music driver must be
installed through the RB Driver, and the mp3 file you want to play must exist in the
specified path.
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- PLC(XGT Protocol)- Connection Configure

™

Davics Type
LS PLE (XGT Protocol)

Skt Numbser
IPLC WP Adkdr -]
IPLC Poart Mumi
Maching Type
Witween ndthal Coninassthon Fal

Wiven Comm-Lrror eocur

Commurscation Time out
Bk Nurmiba
Shot Numiber

Sat

ZGK

Alarm Popup

Adanm Popap

| L0 s (hefait)

Clese

RAINBOW
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A function that connects communications between the LS Electric PLC and the RB system.

User will enter the socket number, IP address, and port. User can also decide whether to

turn on or ignore alarm pop-up in the event of a connection failure or communication

error and set a communication timeout time.
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- PLC(XGT Protocol)- Write Single variable

Dewice Typs Funcition
LS PLE (XGT Protoool) W Wirite Single varksble W
Sachet Number Sochopt numbser & Iv
Rkt Syratam PLC
; =
Trans. Value (@ Addresn D (@

Traers. Vil | WVarabde rannes oo nosmbsir 0o b transderned to PLC
Adcress : PLE sdidress value 1o send variably

"

The ability to enter values for one address of PLC. Enter a number or variable name for

the transfer value.
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- PLC(XGT Protocol)- Read Single variable
[ etefae ]

Dwsicn Type Funciion
LS PLE (XGT Protocol) L Read Single varkable LT
Sechet Mumbes Socket rumber O w
Robot System PLC
k—
Wariabde Mame @ Address D v (@
Simpde read L

W ik MU | Variahig Aleng 10 Wived T vaked resd Trom PLIC
Adadress : Address valse to read from PLE R

The ability to read values from one address in PLC. The read values are stored in the

variable you specify (Variable).

313



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

- PLC(XGT Protocol)- Write Array
[ mtefae

Dwvice Type Function
LS PLEC (XGT Protocol) o Wiite Aaray L
Saciopt Mumiber Socket rumber & bl
Robot System PLC
Array Harre =%  swtasx 0 | w0
Length ]

Arvay M ; Arviry visriabbe name to be transterred ta PLIC
Leregth : Mumber of data 1o be tranemitted

Start Adcl - Start sddress valsr bo be saved inPLC

ﬂ

The ability to enter numbers from the starting address of the PLC to the specified number
of addresses. The pre-declared array must be written to Array Name and should not

exceed the maximum length of the array, 20.
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- PLC(XGT Protocol)- Read Array

interface

Dhevice Type

Sochet Mumber

Robat Sywtem

Arvay Hame

Lergth : Number of data to be requested

LS PLC (X5T Protooal) e

Fuinction
Resd Array

Socket numbser O

FLC

- StartAddr | |

Langth [ ]

Auvary Nasma : Arviry vistiaibhy rarmss 10 S800e he value read Trom PLC

Start Adcr - Start address vakose tonead from PLC

Chasar

w

RAINBOW
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The ability to read data from the starting address of PLC to the specified number of

addresses. The pre-declared array must be written to Array Name and should not exceed

the maximum length of the array, 20.
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- CSV File-Read String

L et

Dwvice Typs ) Function
CEV File W Riaed String
Filg Mame Filg Format
(="
R | 1]
Column : ]

o Ricrer dared Sdurmin FrUmiers are Sevo-buried.

String variable reme to stone |

&)

RAINBOW
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This function reads a string from a CSV file. The CSV file must be saved within the

specified path.
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- CSV File-Read Variable

[ e

Dervice Type

S5 File

File Mamna

Warable naeme to stors

Funetion
L4 R Wariabe
File Format
(=2
[Focrs - B
Courmn ; [

o Riw ared £k RumBers are Bers- e

Closa

&)

RAINBOW
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This function reads a single number from a CSV file. The CSV file must be saved within

the specified path.
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- Pickit-Connection Configure

L et

Device Type Function

Phckdt 3D A Connection Configure Yy

Sechet Mumber Socket rumber O w

Piciit 1P Akdr ] ] @ L

Pickit IP Port Mum el

When initial Conrecticon Fall .m.rmPopup [ w

Wi Comm-Effar Sioil Alarm Popup e
q_“-

Set Charia

A function that connects communications between the Pickit and the RB system. User will
enter the socket number, IP address, and port. User can also decide whether to turn on or

ignore alarm pop-up in the event of a connection failure or communication error.
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- Pickit -Send Command

T

Dwwice Type Furction

Pickit 30 o Send Comimand e

Socket Humber

Sacket number O [~
Cormimsn RC_PICKIT_NO_COMMAND [~
Payload 0 L]
Payhand 1 [
Cormmeunbcation Thms out {sec) 3

&

Set the command to be sent to Pickit and the data according to the command.
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- Modbus Client(Interrupt) -Connection Configure

T

Dwwice Type

Socket Mumber

Saerver I Addr B

Criuietir 1D
Wi SErver Conmecton Fal
When Comm-Lmor aoour

Cormmeanication Tims out

Medbus Chent (Intenmupt) e

Function

Cornection Configure o

Sochont rurmibeer O

.N:rmpopup

Aarm Popup

L0 s (bl

Clase

255

Il
i, L
Modbus

RAINBOW
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This is a function that connects the RB system as a client in Modbus communication. User

will enter the socket number, IP address, and port. User can also decide whether to turn

on or ignore alarm pop-up in the event of a connection failure or communication error

and set a communication timeout time.
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- Modbus Client(Interrupt) -Write Single variable

L e

Device Type Fanction
Madbus Clhent (Interrupt) b Wirite Single variable o
Sechiet Mumbser Sacket rurmber O o
Robot System Server [Save)
. =
Trard. Valhise | g Address | FCB [ | g

Trarv, Vol ; Viariable farmss of fumber 19 B transferred 10 Server
Address | Server Sooress valse o send varlatie

Modbus

This is a function to input word type data to one address through Modbus

RAINBOW
ROBOTICS

communication. At this time, enter the name of a number or variable for the transfer

value.
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- Modbus Client(Interrupt) -Read Single variable

N

Davice Type Function
Modbus Cllent (iIntermupt) ' Read Singhe varkabbs L4
Socket Number | Socket rumber o [«
oot System Server [Shave)
e —]
Variabls Name | Address FC3 | w |

Wariabde Mo | WVarkabe nams 10 v the valise read from Seneer
Address | Address value to read from Server %6

Modbus

RAINBOW
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This is a function to read the value of one word type data from the address through

Modbus communication. At this time, the read value is saved in the assigned variable.
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- Modbus Client

L Wefe |

(Interrupt) -Write Array

Device Type Funetian
Maadburs Clhent (InTadrupt) L Write Anray LT
Sociort Mumbar [ Socket rumber o [w
Rrabot Syutem Sarwed (S}
Array Hame = Suethdde FCW| v ||
Lergth ]

Aarary Narne | Array variable name bo be transferred to Server
Length: Number of data to be transmitied

Start Addr : Start ackiness valse to be saved in Server

'%'J,%

Modbus

RAINBOW
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This is a function to input word data from the start address to the specified number of

addresses through Modbus communication. At this time, the previously declared array

should be written in 'Array Name' and the length should not exceed 20, the maximum

length of the arra

Y.
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- Modbus Client(Interrupt) -Read Array

L e

Dwwice Type ) Furetiom
Mgdbus Clent (Inbermupt) o Foend Artay o
Socket Numbar Socket nuenbaer O i
Robal Syitem Sarver (Slave)
Array Mame — Starthddr FC3 ||
Length ]

Array Mamae - Ay varkibie name 10 stofe the vales read from Server

Start Auddr - Sart address walue 1o read from Server
Lergth : Mumber of data to be requested

Modbus

RAINBOW
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This function reads data from the start address to the specified number of addresses

through Modbus communication. At this time, the previously declared array should be

written in ‘Array Name’ and the length should not exceed 20, the maximum length of the

array.
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- OMRON PLC(FINS Protocol) — Connection Configure
[ e ]

Device Type

OMRON PLC [FINS Protocol)

Sochat Musnibser

PLE P Addr ®
PLE Port bum

Protooo Typs

Wien initial Connestion Fad

‘Wheen Corrsm-Erroe goour

Communscation Time out

Soarce Address

Destinathon Address

Function
Connection Configure

Socket number O

Fires.

Alanmi Popup
Al Pogiap

L0 s (chefinat)

Chesr

RAINBOW
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A function that connects communications between the OMRON PLC and the RB system.

User will enter the socket number, IP address, and port. User can also decide whether to

turn on or ignore alarm pop-up in the event of a connection failure or communication

error and set a communication timeout time.
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- OMRON PLC(FINS Protocol) — Write Single variable

[ e |

Davice Type Fuunctian
QMRON PLC [FINS Pratocsl) ' Write Single variable
Socket Humber Socket rummber O
Robot System [ N
=
Trans. Valse g Address DMW  ~ g

Tirarr, Walus : Variale faimsd oFf iumbest 1o B traniferned 10 PLC
dddress | PLC address valor To send vanabde
i ) BiL et ot Caloulation

CH it 4.5 = Address = dxih + 5= 6%
D it 313 o Adreda = JulG = 13 5]

RAINBOW
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The ability to enter values for one address of PLC. Enter a number or variable name for

the transfer value.
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- OMRON PLC(FINS Protocol) — Read Single variable

Y

Dwwice Type Function
OMRON PLC (FINSG Protocod) o Riaec] Sineghiy variakibe
Socket Mumbar Sochopt b O
Reabeat Syitem PLE
= o r
Variabls Name | § Address DMW | |5
| sirmpte read w

Wariabde Marrss | WVarabie naemne 10 e the walee read frcem PLT
Address ; Address valee toread from PLC

) Bit address caloulation: CIO b 4.5 = Address = 4405 + 5= 69
Dbibit 313 = Address = Jx¥ » B3 = 6§

Set Choso

RAINBOW
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The ability to read values from one address in PLC. The read values are stored in the
variable you specify (Variable).
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- OMRON PLC(FINS Protocol) — Write Array
[ tefaee

Drrwice Type Furction
OMRON PLC (FINS Protocal) L% ‘Wirite Array o
Socket Numbar Socket number O [ w
Rkt System PLC
Array Marme =" SartAdde DMW |~ (g
Length @

Ay Mama - Arrary varkible rame 1o be trarsfered to PLE
Length ;| Mumber of data to be ranemithed

Suart Addr : Saart sdhdred value 10 be ved in PLC

o ) BiE ackdnesss caloulabon

CIO B 4.5 o Aglelitodd = dadfi = 5= 59
DM Wt 303 = Ackdress = 3G =+ 13 =61

The ability to enter numbers from the starting address of the PLC to the specified number
of addresses. The pre-declared array must be written to Array Name and should not

exceed the maximum length of the array, 20
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- OMRON PLC(FINS Protocol) — Read Array
[ mteae

Durvice Typa Fursction
OMAON PLC (FINS Protocol) LT Foead Array L
Socket Humber [ Sockatmamber @ [+]
Robot System PLC
Array Mame = stwtasde DMW | g

Lengih [']

Array Blame - Arriy variable fume 19 lore the value read from PLEC

Start Acicr : Start sdolress vakos 1o resd from PLC
Langih : Mumber of data to be requested

o ) B acidnes caloulntion
CHO bt 4.5 = Addcress = dabh = 5= 69
Dbt 313 = Addirgss = JulG + 13 = 61

The ability to read data from the starting address of PLC to the specified number of
addresses. The pre-declared array must be written to Array Name and should not exceed

the maximum length of the array, 20
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- Siemens PLC(S7 Protocol) — Connection Configure

™

Davice Type
Slemens PLE (57 Protocol)

Socket Numbser

PLC 1P Addr ¥
PLC Port Mum

Pretacel Typs

When initial Connection Fad

Wihen Comm-Lrror ecour

Communication Time out

Pz k Muibesd

Shot Mumbaer

Function

Connection Configure

Socket runmber O

TPKT=3 f Pratessl D=0

Alaerr Popup
Alanm Popup

L0 s, (chiedianit)

Clorga

RAINBOW
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A function that connects communications between the Siemens PLC and the RB system.

User will enter the socket number, IP address, and port. User can also decide whether to

turn on or ignore alarm pop-up in the event of a connection failure or communication

error and set a communication timeout time.
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- Siemens PLC(S7 Protocol) — Write Single variable

Trang, Vil | Variakhs fieme oF namer 1o Ba wrandferned 1o PLT
Adchress - PLC address value to send variabls

) MW S DEW  Word data (Sbit)

Dervice Type Funetion
Shprrend PLC (57 Protoced) A Wit Sirgly varisthe
Socket Humber Seckat numbser O
Robat System AL
=
Trans Value |g Address MW

RAINBOW
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The ability to enter values for one address of PLC. Enter a number or variable name for

the transfer value.
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- Siemens PLC(S7 Protocol) — Read Single variable

L et

Funstion

Devies Type
Shermens PLC (57 Protocoly W Read Single variasble e
Socket Mumbasr Sockoet numbser O v
Robot System FLC
E—

Wariable Hame | g Address (MW | [ g

Warkabde Mamg | Viarisbls naefig 19 g the valug read from PLT
Aukdress - Address. valos to resd from PLC

#d) MLB J DEB : Byte data [Sbit)

The ability to read values from one address in PLC. The read values are stored in the

variable you specify (Variable).
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- Siemens PLC(S7 Protocol) — Write Array
[ etefae

Device Type Fundciion
Sapmapns PLC (57 Profocol) L Wirite Anrary LT
Socket Mumier Souchoet rumbser O b
Robot System PLC
Array Harwe = sSwrtAdd MW | g
Langith ]

Arvay B : Artiny visrialle narms o be tranaterned to PLC
Lersgth ; Mumber of data 1o b trarsmitted

Start Adcl - Start sddress valor to be saved in PLC
ox) DE 07 pcidreia M Ackdneis = i x W00 =N

The ability to enter numbers from the starting address of the PLC to the specified number
of addresses. The pre-declared array must be written to Array Name and should not

exceed the maximum length of the array, 20
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- Siemens PLC(S7 Protocol) — Read Array
[ e

Davice Type Function
Slemens PLC (57 Protocol) o Road Array L4
Sotket Number | Socket rumber o [«
Frobat System PLE
Arcay Hame = StartAdd MW | |g

Langth ']

Agrary M | Array variable name to store the value nesd from PLC

Seary Ackdr | Seart sckdneia valus bo e Brom PLC
Length: Number of dats o be regquasted
wx) DB T's address 0 Address = 2000

The ability to read data from the starting address of PLC to the specified number of
addresses. The pre-declared array must be written to Array Name and should not exceed

the maximum length of the array, 20
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- OnRobot Eye — Connection Configure

Dhewice Type Fianctian
OriRaboet Eye b Connection Configune e
Sockit Number Sacket rumber O -
OnRebat Eye IP Add 192 o168 Ll ML
OnRokot Eye IP Poert Mum 502
Wt il i Baiehy F il Adarm Popup e
Whan Comm=Enmor ooouwr Alarrm Popup o
b
g 1] a
o,
|
Set Close

A function that connects communications between the OnRobot Eye and the RB system.
User will enter the socket number, IP address, and port. User can also decide whether to
turn on or ignore alarm pop-up in the event of a connection failure or communication error

and set a communication timeout time.
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- OnRobot Eye - Send Command

™

Davice Type Function
Onfobot Eye o Sond Command W
Skt Number Soechont numibser O W
Comemand CMD Cloar w
Commurication Time out (s6C) 1
s
-“_\_. ’ "
\/
|
.
St Clase

You can send commands to the OnRobot Eye. When you send commands, you can set the
timeout by communication timeout.
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- OnRobot Eye — Detect Object

Duvice Type Function
Onftobot Eye W Dwtect Object W

Task Mumber ¥

Communication Time out (sec) 3

OR_EYE_X
OR_EYE_Y
OR_EYE_Z
OR_EYE_R
OR_EYE_RY
OR_EYE_RZ
OR_EYE_POS cY
‘DH_"-'GF'ZGJ

)

HOR VPO B
List

SD_DWELD_ARC o
Operator

-e |V|

The OnRobot Eye's task number must be pre-set and is intended to execute the set task.
For data obtained through the feature, you can select the properties on the keyboard as

Devices and use them in the list.
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B Sub.P (Sub Program) Function:

This function allows you to insert a pre-made program file (teaching file) into the current
document in an editable format. The "Call as Sub-Program" simply calls another program,
while "Copy Command Content" copies the commands from another program and adds
them to the main program. The "Call by program switching method" allows the sub-

program to switch to the sub-program's window at the moment it is called and execute it.

nar
Calt 05 S Program
Tempee

Copy command cantents

-
CHl Ly program switching method

Oxne

L Wait — 1.0sec
2 @ ¢ Repeat — 3 Times
Alarm — hello
D.Out — O=H, 5=H
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Example 1: Calling sample_prog as a sub-program in a new program.

Move J
/< 1Point — (@) 0.00,0.00,0.00,0.00,0.00,0.00

Sub Program: sample_prog

Example 2: Calling sample_prog using the "Copy Command Content" function in a new

program.

1 @ Move J
< 1Point — (@) 0.00,0.00,0.00,0.00,0.00,0.00
2 @ Wm sample_prog
L Wait — 1.0sec
® ¢> Repeat — 3 Times
Alarm — hello
D.Out — O=H, 5=H

Example 3: Calling sample_prog using the "Call as Program Switch" function in a new

program.

1 @ = MovelJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

Convert to: sample_prog, No Play
End

In Example 1, when sample_prog is "Called as a sub-program”, it will be executed, but it
will not be editable in the main program. Additionally, if the called sub-program is

modified, the execution of the main program will also be affected.
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In Example 2, when using the "Copy Command Content" function, the sub-program is
called in an editable format within the main program. Once copied, any changes made to

the original sub-program will not affect the copied content in the main program.

In Example 3, using the "Call as Program Switch" function, you can specify the number of
repetitions for the sub-program'’s execution, and the Ul will switch to the sub-program

and display the code being executed.

WARNING

Warning:

1) The contents of a subprogram called by the Sub.P function can be seen by the user, but
they cannot be modified. If modifications are required, the project must be opened
separately.

2) The Sub.P function can be called up to 10 levels deep. It is not recommended to use

recursion with the Sub.P function.
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Bl Pattern Function:

Pattern

This function allows the user to define repetitive behavior. By defining information about
the operation space, and by defining which actions to be performed at each location, the
user can set the robot to perform the same action at every point in space. The user can

implement palletizing through this function. There are three sub settings.

® Pattern Property:
Define the target space for the repetitive motion.

The property supports various shapes such as straight line, plane, 3D cube, and
arbitrary point.

® Pattern Anchor:
The Reference point of the action defined in the Pattern Action.
® Pattern Action:

This setting defines the motion relative to the reference point set in the Pattern
Anchor. The defined relative behavior is repeated at every pattern point set in the

Pattern Property.
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Step 1) Set the Pattern Property as shown below.

Pattern Property

Line
Point Num pl~p2

o

Plane F

P Point Num p1~p2 Point Num p2~p3
[¢] s | e I
Cube N N
PointNumpl~p2  PointNump2~p3  Point Numpl~p5
O Xy 4| | | | | |

Points

Pn
f\f Point Number
Pl

Set Close

With the above settings, the following repeat points are formed in space.

® P4

Y,
076@/- \Oe‘ . A
"3 o
® p

Step 2) Using the Pattern Anchor and the Pattern Action, define the relative movement as
below.

Pattern Action

@® Anchor Point
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Step 3) Finally, the relative movement set in Step-2 is reflected in all of the pattern points

set in Step-1, completing the action of repeating the same action.

® P4
Pattern Action
o P3
[ J
4/4’076 S @ Anchor Point
T3 ‘-N“‘be‘ '
® pp
L |
® P4
P1 P3
[ ]
Y,
o'ée, et
W
® p2
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B Conveyor Function:

a®

| —

Conveyor

Allows the user to use the robot as a conveyor by generating movement at a consistent
speed in a specified direction. The user can also place their own desired movement into
the conveyor flow by using the Move L, Move PB, or Circle functions. Joint movement
(Move J, Move JB, etc.) cannot be used as a subitem of Conveyor. Move L, Move
PB(Formerly Move LB), Move JL, Move ITPL, Circle are supported.

Add the conveyor function to the program tree and click the function to see the options.

@ Set the move type and speed of the conveyor.

@ Set the direction for the conveyor movement (x, y, z value is based on robot arm
base coordinate system).
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An example program tree using the Conveyor Function will look as follows:

1 @ Mm PreProgram
® . Conveyor - linear Constant,50mm/s,1,0,0

® “» Movel
L 1Point — (a) 502.70,-110.71.300.00,90.00,0.00,90.00
L Wait -+ 1.0sec
® > Movel
L 1Point -+ (a) 502.70,300.00,300.00,90.00,0.00,90.00
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B Force Function:

This is a function for force control. The movements below the force control function

automatically change the trajectory to give the set force.

Mo Sensor
Frame L External L
Frama Froirss Gobal b
Siliet Thrget Vikis S Lirmit
] N} ] Ll
A M L | s
[ =18 i 108 Errenad
& it o degsl
L] 1M L] (degy'sl
RI L M) 8 Edegyud
Advanced Settings
Saot Clase

Select and input the desired force control mode, the sensor to be used for force control,
and the force control target value. The left side of the figure below is for normal
operation only. The motion starts in the air above the plane and ends in the air. If you put
this action as a sub-item of force control as it is, it will change to the action of pressing

the ground with a certain force (when setting the force control to the ground).
Force{
Movel
_EIReRN | ® A - @

[ Before applying force control ] [ After applying force control ]
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B Weaving Function:

4
YW\

Weaving

It is a special function for welding weaving. TCP trajectories are automatically changed to
set the weaving actions included under the weaving function. Simply select and enter the
desired weaving shape and weaving options.

T T
Wearving Shape

Trapanckdal L4

L1 ram [ ] el | (] el 2 (et Bandhng (%] Soaks (W)
L] B i i

L] isd
AT {sec) AT [uee) ATS {see) AT [uec) Cfut ram)  Swing (Seq)
L] B a L] L] [ ]
Set-Paint | Ot
Sot-Point 2 Ot
¥
Sat Chrsr

The left side of the figure below is for normal operation only. If this motion is put as a

sub-item of weaving, TCP trajectory reflecting the weaving trajectory is drawn (in the
example on the right, in the case of triangle wave weaving).

1 @ = Movel

| 8 Weaving — Mo Weave
L 1Point — (a) 287.84,0.00,300.00,90.00.0.00 90.00 @

Movell
Emd

1Point — {a) 28784 0.00,300.00,.90.00,0.00,90.00
End

Target Point a.‘edow Target Point

) cp T
wp ™ e }\/\/\

Start Paint Start Paint
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B Weaving?2 Function:

L1 {mam}
1

AT {wec)
8.1

Sabke
188

Teech Asis
Werineireg Aam
T (dag)
Rotation {deg}
Distertion{deg!
Worireireg Pl

Unar Culer Ang

L2 {mm]) Wl 1 {mmys)

1

AT (wec) BT (sec)

8.1

Citgat (rmm)  Barding

TOP T i

TCOP ¥ s

Feal time TCP based [

Traparoidal
Wl (5]
1
AT (i)
8.1
G ()
]
|~ / nes 1l wigt
il ™ ( ,,'-'r. |_|
N L
J‘_r. - i - r
g -
oo &
— S,
el !
= ¥y
v ’
e .
“w | DragRate (%) L]
Ry @ Re (@
Clase
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The difference between weaving and weaving 2 is that in the case of weaving, the surface to be

welded and the surface to be welded are set as set points, and weaving 2 implements weaving
motion based on the frame of the TCP.
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B Touch Sensing (TouchSen.) Function:

Touch sensing is intended to utilize welding applications. Detects the movement of the
base material and reflects the direction of movement of the base material and is used for

welding. A detailed description of this feature is provided in a separate manual.

[ eosees

Function Touch Sensing Config W
Search Spred 18 ey | 109

Ciprtion A points type _V | MfA | V_
Line 15etting  Lie Start Poant oL Move [ Got
Point1ARB x Q00 v (000 (I 000 |RX|00 RY |00 RZ | Q0

Line 254100 | e End Point

Point2ALB

600 v (000 | T 000 |Rx|oo (R G0 Rz o6
Line Outer Point o Move [ gq
% looo |v [ooo |z ‘ooo |mxfoo |mv[oo |mzfeo

Sat Clada
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7.5 EDITING THE PROGRAM

The bar on the left of the screen contains icons that allow a user to change the order or
structure of the instructions entered in the program tree.
Please refer to section 6.1 for the description of the edit icon. The example explains how

to edit the program.

B Cut / Paste I HEE

Step1) Select the command to cut. The selected command will be shown in blue. In

the example below, the Move L line is selected.

Begin
1 @ W Folder
® = MoveJ
A« 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

L Wait — 1.0sec
‘i Movel
L 1Point - (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)
End

Step?2) Press the Cut button. Once Cut is clicked, the line disappears from the
program tree.
Begin
1 @ Mm Folder
® = MoveJ

/< 1Point - (a) 0.00,0.00,0.00,0.00,0.00,0.00
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Step3) Click the location to paste and click the Paste button. In the example, the

Move L command is pasted inside the Folder.

1 @ Wm Folder
® » MoveJ
/« 1Point - (a) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait — 1.0sec

© W Folder
L 1Point - (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)
End

[ | COpy / Paste Copy Paste

Step1) Select the item to copy. The selected command will be shown in blue. In the
below example, the Move J line is selected.

Begin
1 @ W Folder

7

/<« 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

® “» Movel
i 1Point — (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)
End

Step2) Press the Copy button.

Step3) Click desired location and click the Paste button. In the example, the Move J

command is pasted under the Folder.
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Begin
1 © B Folder
® - MoveJ
/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

@ .

1 Point — (3) -0.04,-271.55,1097.00,0.00,0.00,-0.01
© Moves
/< 1Point -+ (a) 0.00,0.00,0.00,0.00,0.00,0.00
A Home (Move J) (Top-Level (Main) Project)
End

I
. Delete Delete

RAINBOW
ROBOTICS

Step1) Select the command to delete. The selected command will be shown in blue.

In this example, the Wait command is selected.

Begin
| @ Wm Folder
® - MoveJ
/< 1Point — (@) 0.00,0.00,0.00,0.00,0.00,0.00
- 9 Move L
1Point — (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)

End

Step2) Click the Del button. The command has been removed as shown below.

Begin
1 @ Bm Folder
- © Moy

/< 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00

@ :

Point — (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)
End

352



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

. M OVE Up/Down

RAINBOW
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Step1) Select the command to move. The selected command is shown in blue. In

this example, Move J at the top is selected.

Begin
1 @ Wm Folder

A« 1Point — (@) 0.00,0.00,0.00,0.00,0.00,0.00
L Wait -+ 1.0sec
® = Movel
L 1Point - (a) -0.04,-271.55,1097.00,0.00,0.00,-0.01
A Home (Move J) (Top-Level (Main) Project)
End

Step2) Click the Down button to move Move J down as shown below.

Begin
1 @ W Folder

» (a) 0.00,0.00,0.00,0.00,0.00,0.00

» Move L
Point — (a)-0.04,-271.55,1097.00,0.00,0.00,-0.01
M Home (Move J) (Top-Level (Main) Project)
End
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B Pass Ml

Step1) Select a function to temporarily hold / block its execution. The selected

command is shown in blue. In this example, the Move J command is selected.

Step2) Click the Pass icon. The command turns dark as shown below and will not

execute. To undo, simply select the command again and press the Pass button again.

'- ©-F°'def S e e e
1 @ =

AL 1
s

L Wait — 1.0sec

® = MoveJ
2« 1Point — (a) 0.00,0.00,0.00,0.00,0.00,0.00
M Home (Move J) (Top-Level (Main) Project)

End
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7.6 PROGRAM MANAGEMENT

Allows the user to save, load, or create a project.

B Save Project

To save the current project, click the save icon on the bottom left side of the Ul work

screen. there is no change from the existing saved contents, it is shown as below.

Warning

Mo changes.
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B |oad File

To load a saved project, click the Load icon at the bottom of the Ul to display a list
(shown below). If a user selects a file from the list, it will be loaded in as the current

program. If there are unsaved changes to the current project, a prompt will request the

user to save. Only recently used files will appear in the list.

To open a file, users can click the Load option. Clicking Other Program button

will open the File Explorer, which allows the user to look through saved files.

« = 1T Q 8 (@ C/Users/rainbow/AppData/Locall.ow/Rainbow
® Recent (& temp.wsl
) work conversion_test.ws!
E] default.wsl
my_project_240405 wsl
(=] sample_prog.wsl
(] testwsl
(=] test_2.wsl

fel test 240405.wsl
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B Save As

To save a program with a different name, click the Save As icon. The following
popup window will appear. Using this window, users can save their current file
with the desired program name. The program name cannot bet set to “default,”

as it is already in use by the system.

< = T Q1 B (Q) Cyusers/rainbow/AppData/Locall ow/Rainbow L

(g .ternp.wsl

E conversion_tast.wsl

(e] defaultws

E my_project 240405 wsl
E sample prog Wl

[e] testwsl

El et 2 owsl

fal test 240405.wsl
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7.7 OPERATION UTILITIES

On the right side of the Make screen, there are other utility functions to help a user operate the

system.

1) Setting: Allows the user to use the jog function, as well as other utility functions to help
the user’s experience.

2) Utility: A collection of additional functions, such as the posture saving function, the
system input / output information view function, and the system output test function.
These functions are also frequently used.

3) Monitor: Provides a window that allows the user to monitor both system and user
variables in real time.

4) Ul Mode: Ul mode can be selected according to the user's level and the user's purpose.
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B Utility sub-functions

[Utility-Posture]

Fusnetion Bt
Poibure b

Vi € Sl T EORIUR thart you e Tregusnitly and wie it sgain

S M

P03 o
B Sharuldad L4 ]

[l e} [l ] Lo ]

Wit 1 ._ ;ﬂ'r‘hlt? ;A‘i'h'tl
00 Q00 Q00

Up to 20 frequently used postures can be saved and used on the Ul tablet. Press the 'Get

current Posture' button to get the current position information and press the Set button to
save it.

Hold down the 'Move to Saved Posture' button to move to the saved position.
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[Utility- Move

Move each joint to the mechanical origin marked on the robot arm.

Joint to Origin]
L ey

Fusethon e

Mz Jaint ta Origin w

Mz it ot of th robat S B0 the ercoder Tens poink

g 2 Wik} Cirisgins

Mern it O [Base) to Cirigin
iores ot 1 Shoukder) 1 Cxign e o
e -

o ket 3 (Wit T}t g

M Joind d [Wist T) 10 Origen 1‘._
* v Criegin

azeen it S (Wrina 3] to Origia

Srmadeier Crigen

Pl ol joants b Cirigin

B Cwent

Chors

[Utility- Free-Drive with Constrained Orientation]

Uility
Fumngion B

Fromg=Diive with Conatfaned OrienLanon W

e dinasie B Fras w

s Sermitivity L ] S ]

F ain Sermitivity L] Lol

2 an Serastreity [ ] B
S ¢ Resel Findsh

o H e wpigP% and cenier of Qraty SEETngs ane nof Comect. handling mary no be BmosEn,

This mode is only

available in Real Robot mode.

RAINBOW
ROBOTICS
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[Utility- Input Signal View]

. ew ]

Fung tion st
Iraprrt Sigriad W
Conirod Bow Inpat
DOCITAL
o ] a n [ ] [ ]
] n 5 n s N
El L] L] L L:) L
3 L] E L] L] [
AMAL O
L '
o L] | o
Brypeiren Wiow NHgh

Input signal monitoring window for control box and tool flange.

[Utility- Output Signal View]

T

Biew WHh

Tl Qartput
EHGITAL

POWER (V)

Output signal monitoring window for control box and tool flange.

RAINBOW
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[Utility- Status]

(s iy Bt
Seatut L
Barei s i ERszew Wt L Wist 3
Ampene et} QO0A Q00A QO D0 upaA
Terperatre
Encoder (el g el g el i 0000 Quddr {elea g
Cantrol box temper sturs information TP Spead (meys)
L= T} o' Maother Board | O L]
Uhaer Manual Commaned
Farread
Send
Cinplay Lier Cotddnate
Coordingte O :_] o elinuate | :J Coordnate I [_]
L= ]

This window allows the user to see the robot arm'’s current and temperature. It also shows the
user coordinate system settings.

[Utility- Snap]

Frures thia it

Snag L

Brap fundcthon 10 sutomaeth sy stisch the robeod to speciic rotagon sngie st weng
direct beaching function

Snap OF Turn off the Snap-function

Aol By iy S Pustel Uity meidt WY HL- T 17 il 1 pobf pebrieiuiiet 1oy Bl

Model cordinate vy {default)
2 A Ehwatireg Srap- bure: Hon wihen TR frame coordinate pysem

e ek 1 Blae CO0f b Sy siem

[ AL w e thep S T thon whieh e E0aTure SNkt B (058 00 e Srhe

whn direct- teaciheng ilart
-))
TFB Wrist-3
="

Snap mode selection window to be applied when using direct teaching mode.
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[Utility- Box Output Test]

Cuarent Sigral
o 1 2
2 4 6

gl F s bwnsy

Choae

This window allows you to test the output of the control box.

[Utility- Tool Output Test]

Bypsss  MLow EHgh

Closs

Target Voltage
Q o T4
Targat Sagral
o 1
Pravviaw

This window allows you to test the output of the tool flange.

RAINBOW
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[Utility- 1/0 Extension Board]

-t I_n: ——————— -i
0 Extermson Boawrd S : O Sgral View S I
_________ |
Entaeraioen B o egital Ingast Entaramn Board Digeital Oupat
@ ®m 4 ® §» ® T BN @ B 4 ® & ® T =
I ® * ® 7 = U = I ® 5 ® F & @D o=
2 W & ®E o = 4 6 2 B & ® w2 W =
i ® 7 ®E n ®E & = i ® 7 ® = E B =
[Enrtinrribien Baar dl koo gt Entierrisboen Bioar d Arabog Suipsit
o 1 3 k] (] 1 2 ¥
o o o o o o
By Wiow WG el F o Vi
Clase

I/O expansion module's I/0O signal monitoring window.

. ve |
— Towopm .
VO Externion Baged W Iwum'rm w |l

| Bt — "
Dagital Out
Curvent Sigral Target Sigeal
¢ ® 4 ® & ® © ® o " a 2
i ® % ®m % mE o m 1 5 : B
: & B B OE MW oE x M o "
I m 7T m nom 5 ® 3 T n 5
Praview
Anakog Out
Curvent Sigral Target Sigeal
o ' 1 1 0 1 2 3
o o o o
] ] ]
Proview
Byoms  Wlow Begn  Sosie Funcon
[

Window for testing the output of the I/O expansion module.
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W Setting sub functions
[Setting- Tool List Select]

s ]

Frasmar thish b5t

Tool List Select

La

Defadt TCP

Chod

RAINBOW
ROBOTICS

There is a Tool List Select setup feature that sets up TCP to use in a pre-saved TCP list. A total

of four tool lists can be set.
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[Setting- Joystick]

Function list
’Joy-Stick ‘ v ‘
=1
i i
i i
i i
[ et i
- — Connec
+X
*@* o
‘ (™ ...‘

Logitech Halt / Stop motion

START : Add point

BACK Delete Point

A Global Position

B Local Position

X Global Orientation

Local Orientation
RT Smooth vs Tick mode
vetick + Q)
% Set Type Selecter as ‘X JO/-’“‘J\ Init &
Set Mode Selecter as ‘Light Off state’ | atible
Supporting : Logitech F-310 / F-710 "omp“""[‘
Models
Close

RAINBOW
ROBOTICS

When teaching a robot using a wired/wireless joystick, there is a joystick connection setting

function.

The joystick has the compatible model listed below and must be initialized.

When all settings are complete, click the button on the refresh mark at the top right to

connect.
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[Setting- User Coordinate]

Function ing

User Coordnate L
Coordinate & o

Ciarant Satirgs

Orffsat (mam} Dhrhervtation [~}
I Ry R
L3000 | 00D S00.00 frleal Lrlee] el

Cption 0 hd

L L] Lkl [=Les]

P2 | Ll L=Lee]

g

L i R i Lilles] sk ]

Tl

Set the user-defined coordinate system. Press the activation button to display a screen that

selects three points. This is the 3-point setup mode (see 7.7 Setup-Coordinate).
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[Setting- User Coordinate Center]

it e |

Fusetion

Lt Coond. Canti

Coondinate { L

Curren Settings
Crffuat (men)

40000 | 000 00 0

Cuieniation 7]

ooe  |ooo | s000

Cruange Seitings Activate ﬂ
¥
LT L= Lilea] Gat
Changs Cod denate o
Choa

RAINBOW
ROBOTICS

Keep the XYZ axis and rotation direction of the previously set user coordinate system, and

move only the origin.
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[Setting- Auto TCP]

=y

Fusetion

Aaita TCP

Current Settings
Crituat {reen)

000 Q30 Lol ]

Crangs TCP |

It automatically finds the position of the robot end (TCP).

RAINBOW
ROBOTICS

If you enter four different postures that keep the TCP point you want to set at the same point

in a three-dimensional space, it automatically calculates the TCP position value.

Take each position as shown, and press 'Get' on the corresponding number.
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[Setting- High Precision Auto TCP]

Setting
Frurs thon st
Hagh Prascikon Auto TCP L
Current Settinga

Cffset (mm) Driertation (7}

¥ z i fry [
(Rs ] (ke ] (R ] Lilil DuD Lilial
Change TEP - A trale |l
Posturs | Gat Povturs S [ G
% -
Postrd 2 G Postare 6 G#1 1l
Posture 1 Tt Posture T et
Posturs & Tt Pesture B el
Charsgs TCP lndo
Choss

RAINBOW
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It automatically finds the position of the terminal, just like the robot terminal (TCP). However, it

has more posture, so it looks for more precise TCP.
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[Setting- External F/T]

I

Fungtion st

External F/T

Currant Sigral

Calberataon

Calibr wtin SUart

X-Axis Calibration

Wodiks Callbaration

Z-Axk Calbration

Calib b Ersd

Fx{M) Fy (M) Fa{N)
[ala k] Q00 [alla ]

M (Hm) My (W) (M)

el i]

Activate

elii] (ala ]

[¢]

RAINBOW
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This window allows you to check and calibrate the external F/T sensor (e.g. Robotiq F/T

sensor).
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[Setting- Auto COG/Mass]

Function

Aurter SO0 M w

Current Sattings

Mass (kg)  Cxfmm)  Cyimm)  Crimm)

000 o00 000|000

Caibr ation Actheate | ) <

d

Ieterial 'v

Mansnting Dption

Casa 1 | s D00 W
Pose 2 Gave
P 3 e Mt € ardation
Pose 4 Save Barvt Settie

Ciose

This function finds the weight and center of gravity attached to the tool using the internal /

external F/T sensor.
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[Setting- Motion Recording]

Setting
Functionlist
Motion Recording \ v ‘

Q ») 9 Import Saved Motion

Record New File

Rate Name

i
]
! i
H 1
! ]
H 1
H ]
H 1
H ]
H ]
1

]
1 0)
| (®) Record Start :
H ]
H i
H ]
H i
! ]
H 1
! ]
H 1
H ]
H ]

Save New Motion

m Record Stop

Iﬂ Record Save

Close

It is a function that records the motion through the direct-teaching(gravity compensation)

function. The recorded action is available in the program via the Replay function.
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[Setting- 1/0 Logging]

Function list
|I/O Logging ‘ v ‘
oo T T 1
1o ! Select and record
! | mputo |v|i digital input/output
1
E ! to record
H @ Record Start |
H i
1 1
! [m]  Recordstop |
i i
1 1
! 1f]  GraphView |
e — 1
Close

This function sets one digital input/output, records the change in the value of that

input/output, and shows it graphically.

374



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

[Setting- Welder Wire Control]

s

Function list

| Welder Wire Control

Wire Inching

Wire Back

‘GAS Check

v]

Close

This function can control the welding machine's wire.

RAINBOW
ROBOTICS
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[Setting- TCP Orientation Change (Frame)]

I T

Function list

| TCP Orientation Change (Frame) v ‘

TCP Orientation configuration

= Set the rotation direction of the default

TCP coordinate system
based on the current robot posture
to match the selected coordinate system.

Alignment Frame Selection

Frame Global (Base) v

Change TCP Orientation Info

Close

Current Settings.

| Offset (mm) | | Orientation (*) |

X ¥ z Rx Ry Rz

[oco Jooo fooo | Joco [ooo oo
Activate E]

RAINBOW
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Sets the rotation direction of the default TCP coordinate system based on the current robot

pose to match the selected coordinate system.
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[Setting- User Coordinate Auto Alignment]

I = 1

Function list

User Coordinate Auto Alignment v ‘

Change the coordinate system setting to the
current TCP frame

Close

Coordinate 0 [ v |
Current Settings
Offset (mm) [ Orientation (*) |
Y z Rx Ry Rz
400.00 || 0.00 ” 500.00 | |0.00 |000 90.00 ‘
Change Settings Activate E

Change the coordinate system setting to the current TCP frame.

RAINBOW
ROBOTICS
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[Setting- External Axis Calibration]

s

Function list

Ext. Axis Calibration V }

e [0

Calibration Start

Calibration Add+

Calibration Finish

Close

This is a process to inform the robot arm of the external axis of rotation and the radius of
rotation. This calibration allows the robot to control the synchronization of the external

axis.
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[Setting- Safety Plane]

. setino________________]

Function list

| Safety Plane
View Safety Planes in 3D
Erase Safety Planesin 3D

Change Safety Plane Setting

X Y z
P1 000 HUO’U 0.00

v]

Plane 0 v

Get

P2 000 HDOD 0.00

Get

Set Safety Plane

box.

P3 0.00 0.00 0.00 Get
Neo Check ~

Safety Plane Initialization

= New Plane settings will be reflected only after rebooting the control

Close

RAINBOW
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Set the plane that the robot arm cannot cross for safety. If it crosses the set plane, the

robot arm will stop.

379



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

[Setting- Safety Joint Range]

Function list
Safety Joint Range s

Check Status
Jo(Base) -360 | ~ 360
J1(Shoulder) -360 | ~ 1360
J2(Elbow) -360 ‘ ~ |360
J3 Wrist D -360 | ~ |360
J4 (Wrist2» -360 | ~ 1360
J5 (Wrist 3 -360 ‘ ~ 360

Change
Factory Reset
Close

RAINBOW
ROBOTICS

You can specify the range of angles that operate for each joint in the robot arm. An angle

greater than or equal to the specified joint angle value will not operate.
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[Setting- Global Pin Point]

I R

Function list

[G\cbal Pin Point

v]

Close

Information Update
DefaultName | User Custom Name Default Name | User Custom Name
GLOB.PIN.O GLOB_PIN.20
GLOB.PIN.1 GLOB_PIN_21
GLOB_PIN2 GLOB_PIN_22
GLOB_PIN_3 GLOB_PIN.23
GLOB.PIN.4 GLOB.PIN.24
GLOB.PIN.S GLOB_PIN._25
GLOB.PIN.6 GLOB_PIN_26
GLOBPIN.7 GLOB_PIN_27
GLOB_PIN8 GLOB_PIN.28
GLOB_PIN.9 GLOB_PIN.29
GLOB.PIN_10 GLOB_PIN.30
GLOB.PIN.TI GLOB_PIN_31
GLOB.PIN.12 GLOB_PIN_32
GLOB.PIN.13 GLOB_PIN_33
GLOB_PIN 14 GLOB_PIN_34
GLOB_PIN15 GLOB.PIN.35
GLOB.PIN16 GLOB_PIN.36
GLOB.PINT?7 GLOB_PIN.37
GLOB.PIN.18 GLOB_PIN_38
GLOB_PIN19 GLOB_PIN_39
o
GLOBPINO |v 4 Move |~ Move Info
Name Change: Change
Posture Change: Get & Change

RAINBOW
ROBOTICS

This is the function to set up global pin points. As shown in the above picture, you can

set up global pin points to share the variables in multiple programs.
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[Setting- Orientation Aligning]

s

Function list
‘ Orientation Aligning A ‘
Rotate the selected TCP axis to align with a specified axis(vector).
Selected TCP Axis X Axis v
Target type Global (Base) Coord v

X Axis A

Alignment
Close

Rotates the axis of the selected TCP of the robot arm to align with the specific axis.
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[Setting- Check Lastest System Log]

Function list
Check Latest System Log A4
Check Log

Check the log for the last 10 lines. To check detailed logs, use the Log tabon
the Setup page.

Close

Displays the contents of 10 lines of the latest log file on the system on the Ul.
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[Setting- Joint Origin Field Calibration]

s

Function list

Joint Crigin Field Calibration v |

Password : l
Step 1: Calibration Start
Step 2: Add Target Points

Step 3: Calculation

Step 4 : Reflect Calibration Result

= Caution =

A dedicated calibration tool provided by the manufacturer must be used.
This function changes the zero point of the robot joint.

The sag compensation function must be turned on,

Close

RAINBOW
ROBOTICS

This function is to calibrate the joint 0 points on the spot. Please contact the manufacturer

for more information.
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B Monitor Function

This function is used in conjunction with the Monitor command in Section 6. This window

allows the user to observe the system and user variables in real time.

By pressing the recording function on the upper right, the TCP trace of the robot tool is

recorded in the 3D viewer in the 3D viewer. (Yellow solid line)

The recording time is up to 30 seconds.

Real Robot
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B 3D View Function

Base Shoulder Elbow . .

Wristl  Wrist2 Wrist3 Smooth  Tick

Base

[ [oo ]

Shoulder
[+ [oor [—]

Elbow

[F Looo [— ]

Wrist 1

[ [oor [=]

Wrist 2
]
Wrist 3

ESEEENE

It has a three-dimensional viewing angle that is frequently used. It can be used if you want to

quickly change the view of the three-dimensional viewer.
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CHAPTER 8. STARTING ROBOT

8.1 ROBOT OPERATION

To drive the robot, go to the Play screen.

B The execution screen is as follows.

Real Robot

Operating Time  000000.00

Load

B Before using, please check the connection between tablet PC and control box. Check the

=R=l Icon to view the connection with the robot. Please refer to Chapter 6.2 for
connection.

B Open the desired project. Please refer to Chapter 6.6 for more detail about how to open
a project.

B Press the play (>>) button located at the bottom of the screen to run the robot.

B A dialog is pops up when the current robot position is different from the initial position
specified. Press and hold the ‘approach’ button to move the robot to the initial position.

B In 'Play’, the program loaded will repeat indefinitely if the ‘number of repeat’ is not
specified. Press ‘Count’ at the top of the screen to set the 'number of repeat’.

B The motion speed of the robot can be adjusted while the robot is in operation.
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Danger:

1)

2)

3)

4)
)

DANGER

The risk assessment of the robot must be done, and all safety requirements must be
satisfied before the robot operation.

The initialization of the robot may fail when the robot is not properly installed, the
payload is not set accurately, or an issue occurs in the initialization process.

In ‘Play’, the robot physically moves immediately when the 'Play’ button is clicked. Please
read carefully all sections related to the robot operation.

To move to the ‘Make’ or 'Setup’ screen, the program running must be terminated.

The USB cable between Tablet PC and control box can be unplugged during the robot

operation.
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8.2 ROBOT STATUS CHECK

The robot’s current status is shown in the ‘Play’ screen during operation.

No. Description

@ Program flow tree

@ 3D viewer.

® 3D view angle changer

@ System information, system variable monitor
® Play / Pause / Stop / Velocity slide bar
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8.3 TROUBLESHOOTING WHILE OPERATING

Various problems can occur while the robot is in operation. Below are some of those problems
and ways to troubleshoot.

1. Out Collision

Ot Cooliskon Dabection [Code - OUT]

Alre
o Extermal colinacn wirs detecied

Sokve
Tt SO RN, Bl R o "L hs Pisbet bt By et
To axit from motion, pres Haly'

Pt

Chaecik payiosd parameter a8 it should be

Chack roboft's gravtational direction as it should be

Coract the manulectuner if afry prablen carrst be dentified of retabned

.................. I
1 External Colision [Code: DUT])
__________________ I

Ot Collision Detection [Code : ACC]

Al
o Exteamal coliskon wis detected

Soben
T Conbirass mobion, proess Resums’ of Tap’ the robot tescs by hands
To et from motion, press Halt”,

Hata
Cheeck purpoad parameter as it should be.
Check rolat’s grinitational dnection ad it dhoulkd be.,
Contact the manufacturer if any problem carnal be iderified o resclved
.................. y

| Extemal Coliion [Code | ACCH
.................. 1
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Ot Collsion Detection [ Code - GYR]

AENTT
o External cofsion was detected

=)

T coantinase meotion, press Resums’ or "tap’ the robot teios by hands
Tio exit from mation, press Halt

Mot

Check payosd” parameter i it should be.
Chapek Folen's GrmitaEnsl o e tion o it thoukd be

Contact the manufacturer if any problem cannot be entified or rescbved

The robot will stop immediately when a collision is detected. Looking at the figures above,
there are external collision codes, each meaning the following:
OUT : When an overcurrent due to a collision is detected by the current sensor in each
joint.

ACC, GYR : When sudden rapid vibrations caused by a collision are detected by the
robot.

First, remove the external collision factors. Then, there are two options:

To stop the robot’s task and proceed with maintenance, press the Halt button to end the

task. To continue the robot's task, press the Resume button to resume the task.

TOK TOK Recovery method

When temporarily paused due to an external collision, lightly tapping the end of
the robot arm twice will recover it from the paused state (same effect as pressing

the Resume button).
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2. Self Collision

Self Collision...! Self Collision...!

As shown in the first image, when part of the robot moves outside the designated
working area, or as shown in the second image, when the robot approaches a motion
that poses a collision risk, the robot will stop working.

You must use the teaching button to manually adjust the robot's position to a normal

state. Afterward, review the taught motion and the set work range.

If this occurs in Simulation mode on the Make screen, you can recover using the

following methods:

® Use the motion-related buttons to recover the robot from a self-collision

situation.

® Temporarily switch to Real mode to receive actual joint information from the

robot and recover.

® Press the teaching button to receive actual joint information from the robot and

recover.
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3. Alarm Message

This Is sensor test

Alarm : sensor]_err

RAINBOW
ROBOTICS

When an ‘Alarm’ is set in the current program, the robot will pause once the ‘Alarm’

command is reached. A dialog will then pop up. Press ‘Resume’ to continue the task or

‘Halt’ to stop.

4. Tablet PC Disconnection

Communitation connection between Ul and robot control Box in kost

Thee COMTETIESCARESN CORr-CTon D twaestn thee LI amd the confrol B has been st Check if

the cormection cable s propery connected

oK

Occurs when the control box (controller) and the tablet PC are disconnected or forcibly

shut off the main power (220V) of the robot control box. If the USB cable is damaged, it

needs to be replaced, and if the connection is not consistent, try a different USB port.
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5. Interruption of external power supply

(0]

Warning

Power Down Detected. Re-inftiakre the robot!

RAINBOW
ROBOTICS

Occurs when the power to the robot arm is interrupted. Appears when the emergency

stop switch is pressed. After the emergency stop switch is restored normally, initialize the

robot again and use it.

6. Joint Controller Errors

The robot will stop automatically when one of its joint controllers experiences one of the

following errors:

BIG Error

JAM Error

CUR Error

Temperature Error

Mode Error

The difference between the reference input
and encoder value exceeds the factory
specified threshold.

The encoder value does not change, but a
current is supplied that is over the factory
specified threshold.

The current exceeds the maximum current
threshold.

The temperature exceeds the maximum
temperature threshold.

The version of software in the main
controller is different from the version in the

joint controller.

394



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

RAINBOW
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CHAPTER 9. ENVIRONMENT SETTING

9.1 SET-UP(COBOT)

You can set the basic environment for the robot arm.

! wction sftes Colinin

Paas Decsleraton o fimai: T8 Oefeit Voltage

¥ Dl tion Compeprmation L= rafl 1 TFB Tewchireg Balen

Set collision sensitivity. The lower the sensitivity, the more the robot
will stop at weak impacts.

The collision detection function can be turned on or off.

Set robot activity area. When you enable the Workspace, the activity
limits will be displayed in 3D.

If the robot exceeds the activity area, it will recognize this as a self-
collision and stop.

This function can also be turned on or off.

Collision Detection Protection Mode: After detecting a collision,
the robot can either stop immediately (General Stop) or move in the
opposite direction of the previous motion before stopping (Evasion
Stop), which can be set step by step. The robot can also switch to
direct teaching mode for a certain period after a collision (Free Drive
Stop).

Pause Deceleration Amount: If a pause is made during program
playback, it will stop after a certain period of playback. This time can

be set step by step.
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Droop Compensation: If an object is attached to the tool flange
and the position value droops downwards, this function
compensates for the droop.

Control Box Robot Model: Displays the currently stored robot
model in the control box.

Set the installation angle of the robot. If there is a matching
installation angle among the example images provided, click on the
corresponding image. To enter it manually, input the direction vector
of gravitational acceleration based on the Global coordinate system.
Tool Flange Default Output Voltage: Select the default output
voltage for the tool flange (can choose from 0V, 12V, or 24V).

Tool Flange Direct Teaching Button: Choose whether to use the
direct teaching button on the tool flange.

Tool Flange Vibration Sensor: Choose to turn the vibration

detection on or off.

® Save the Changed Settings.
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9.2 SET-UP(SYSTEM)

You can set display units, date and time, system updates, and more.

Softmars PLC Confapur ataon

I 2 | | Rrolair! e i3 lrndadr a? sy

Tim Formad

Lanpagr

Comwmand oo Languasgs

Avanced program run miose

Program Tatss

Ul Robot Model: Change the robot model displayed
on the Ul.
Time Format: Set the time format to either 12-hour or
24-hour format.
Language: Set the language for the Ul.
Command Icon Language: Set the language for
command icons.

Advanced Program Operation Mode: Specify the
starting position for the program from the beginning.
Software Update: Install the software from the tablet to

the control box. This function allows you to upgrade or

downgrade the software version of the control box.

Robot Auto Activation Feature: Choose how to activate

the robot. If set to ‘Disable, you will need to press the

‘Activate’ button each time to activate it. In ‘Auto

@ Activate with Key' mode, activation occurs through any

digital input. In ‘Auto Activate without Key’ mode, the
robot activates as soon as the power to the control box

is turned on, without any operation.
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Default Work File: Set the initial file to be loaded when
the control box boots. If no other file is set, it will
default to ‘default..

System ID(0~3000): Assign an ID to the system.

Robot Arm LED Indicator: Enable or disable the LED on
the robot arm link.

SOS Mode : Simple SOS and SF SOS

Default Joint-Jog Speed : Set the default joint speed.

Default Linear-Jog Speed : Set the default linear speed.

External F/T Sensor: Set the model for the external F/T

sensor.

High-Resolution ADC Mode: Enable or disable high-
resolution ADC mode.

® Save the Changed Settings.

(<<l <<

=i
=
—

Set how to use the Software PLC. If you want the settings to be applied
regardless of whether the program is running (On (Always)), apply

@ them only when the program is not running (On (Idle)), or apply them
only when the program is running (On (Non-Idle)).
You can construct logic using various parameters such as input signals,

@ system status information, system parameters, and communication
data.

® You can configure the logic of output signals using input signals.
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Softmers PLC

¥ Control Bos Time Zone

Control Box Time Zone: You can set the current time of the control
box.

Inversion of Digital Input Signals / Output Signal Inversion: You can
invert the signals of individual ports.

System Elements: You can set the usage of the tool flange and I/O
board.
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9.3 SET-UP(TOOL/TCP)

You can configure the settings related to the installed tool.

Center of gravity

bl Seting F or Colmion Check

Postion

The Tool Center Point (TCP) coordinate system for each robot
@ model is displayed. Enter the values on the right based on

this coordinate system.

Set the load applied to the robot. The mass should be
entered in the 'Mass' field (unit: kg), and the input range

@ varies depending on the robot model's rated load. The
distance to the center of gravity is entered in the 'Center of
gravity' field (unit: mm).

Configure the TCP coordinate system. You can set the linear

®

position (X, Y, Z) and rotation angles (RX, RY, RZ).

Set the range of the tool area based on the TCP coordinate
@ system. The area within this range is treated as a self-collision

zone.

® Save the changed settings.
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9.4 SET-UP(LOG)

You can check the system log status of the robot arm.

| By et ol e S U,
'

T Lin?

w20 I I I S I

Get: Import the LOG file from the control box to the tablet PC.
D Load: Load the LOG file that was imported from the control
box to the tablet PC for output.

All: Output all logs.
Info: Output only the informational logs.
Warn: Output only the warning logs.
Error: Output only the error logs.
System: Output only the system-related logs.
@ Fatal: Output only the logs related to errors that are directly
associated with a failure of the robot.
User: Output only the logs related to the logs specified by the
user.
Mail: Send the logs to Rainbow Robotics' customer support

email account. Wi-Fi must be connected for this action.
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Backup internal files of the control box: Backup the files stored

in the control box to the tablet PC.

Operating time of the robot arm: Output the time the robot
©) arm has been operated.

Copy control box settings: Copy the settings of the control box.

Restore control box settings: Restore the previous settings of

the control box.

Control box time zone: Displays the time zone currently

recognized by the control box.

System Ver.: Output the current Ul version being used by the

control box.
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9.5 SET-UP(UTILITY)

Provides features regarding the robot's packaging and emergency recovery.

(g%

Cabat

B, Pocking Posturs RBS-8%0 (90", 65

Move to Packing posture

Syvtem

i 2 | Jont Mantenance/ Recovery Actwate .

Socket/Serilt |

B Skhe Ohee Wonr! ol wear)
B

R vy Rewy st

A

/

You can create the position for packaging the robot.
Before using this function, ensure that the robot arm is
activated.
Remove all attachments from the robot arm prior to using this
) function.
While holding the button, the robot arm will move to the
packaging position.
Once the packaging position is reached, an alarm will indicate
that the robot has reached the packaging position.
You can set the axis reference point to the factory initialization
state.
This function is intended for recovery in case of abnormal
operation, so it should be used with caution.
) Step1. Select the axis to reset.
Step2. Press the Release button to release the brake and make
it free.
Step3. Align the groove marked on the axis and press the reset

button to initialize the axis. At this point, options 1 and 2 will

403



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

appear, as shown in the image below. Option 1 enables the
system to correct any slight deviations introduced in step 2,
while option 2 sets the origin as adjusted in step 2. Preferably,
use option 1, but if the origin does not adjust as expected, use

option 2 instead.

Selected Joint: JO (Base)

# Ba careful not to move the selected joint during the origin (0 point) reset process

Option1 Sets the joint's origin (0 point) near the cument joint posture.
Detaied crigin settings are autematically found by system.

Sats the joint's ofigin (0 point) 1o the current jeint posture.
Permanently changes the joint's origin (0 point).

e pp——

CAUTION

Caution:

1) Before using the Emergency Joint Recovery mode, understand the characteristics and

operation of this function accurately before using it.

2) When transporting or shipping the robot, it must be placed in the packaging box

provided by the manufacturer in the specified orientation.
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9.6 SET-UP(SOCKET/SERIAL)

This is the section where you can configure the serial communication between the robot's tool

and the control box.

) Serisl RS485) Seting

Vool Flange

Bt Rt

[ Parmyia
| Faat Dxtemal Script Mode

Comrwmarad Prart { OG0
Dt Port CSO0T s 09

Al O

You can assign a unique IP address to the control box. The

default IP address of the control box is set to 10.0.2.7. When

connecting the tablet PC wirelessly to the control box or using

a LAN cable to connect a PC to the control box, ensure that the

bandwidth of the IP address matches.

For the Ping test, enter the IP address of the device connected

to the control box and press the test button to check the

connection status.

High-speed External Script Mode: While the usual control

cycle for external script control is 10ms, the high-speed external

script mode supports 1.8ms.

Command Port(5000) : This port is used when an external
©) device sends commands to the control box during external

script control (refer to Appendix E for more details).

Data Port(5001) : This port is used when an external device

receives data from the control box (refer to the Data Structure

for more details).
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Modbus Server Port(502) : This port is used for Modbus
communication.

Tool Flange: You can configure the communication speed,
parity bit, and other settings for the RS485 on the tool flange
side.

Control Box: You can configure the communication speed,
parity bit, and other settings for the RS485 on the control box

side.

@ Save the modified settings.
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9.7 SET-uP(1/0 1)

RAINBOW
ROBOTICS

Here is where you can configure the functions of the GPIO ports on the control box.

Crrytrod oy Geysl st F ursi1ion

o Control Bos imput Lsbel Conirol Bos Output Label
o

Sapbectod D Port Mum

* Dwuared Fanc bon

Defaun

B g Coge.F Faling Cdge

Select the input port for which you want to change the
function.

R : The function applied to the selected digital input port
is activated when the digital input pulse is at the Rising
Edge.

H : The function applied to the selected digital input port
is activated when the digital input pulse is at the High
State.

F : The function applied to the selected digital input port
is activated when the digital input pulse is at the Falling
Edge.

L : The function applied to the selected digital input port
is activated when the digital input pulse is at the Low
State.

The functions applied to the 16 digital input ports are
displayed.
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Cortrol Bon Digitad in F unction
Defrvtion

Contral Dos Input Labed Control Dox Output Labet

Selected Dout Port Num

Select the output port for which you want to change the
function.

R : The function applied to the selected digital output
port is activated when the digital output pulse is at the
Rising Edge.

H : The function applied to the selected digital output
port is activated when the digital output pulse is at the
High State.

F : The function applied to the selected digital output port
is activated when the digital output pulse is at the Falling
Edge.

L : The function applied to the selected digital output port
is activated when the digital output pulse is at the Low
State.

The functions applied to the 16 digital output ports are
displayed.

RAINBOW
ROBOTICS
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Coinrvtril B Dagetad i Furs ey Caratrd Bow Dyl Sa F s Taon

Control Bos Outpud Label
D Frwteon [ ruticn, prvired Bom Outps

@) Enter the desired name.

Select the input port for which you want to set the name.

Comfrol lox Dagpital Ot Fumcton

Cavirod B bt L skesl
Drrliriion -

|
|
Lrany |
1

St LTl

© Enter the desired name.

Select the output port for which you want to set the

name.
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B Control box input port functionality

RAINBOW
ROBOTICS

The functions of the input ports (Din 0 to Din 15) in the control box can be set to the following

special functions (R = Rising Edge, F = Falling Edge, H = High State).

© o N o

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

Basic Mode (GPIO)

Start Program Once Mode (Rising Edge)

Stop Program (Rising Edge)

Pause Program (Rising Edge)

R = Turn on Direct Teaching Mode / F = Turn off Direct Teaching Mode
R = Set Speed to 100% / F = Set Speed to 0%

R = Switch to Real Mode / F = Switch to Simulation Mode

R = Reset Robot

H = Disable Collision Function when in High State
H = Auto Initialization Key
R

Release Pause due to External Collision

R = Add Point Function to Ul Program (Rising Edge)
R = Start Program in Repeat Mode (Rising Edge)

R = Move to Begin Position

R = Resume Program

H = Quick Freedrive Change

R

= Pause Program / F = Resume Program

F = Pause Program / R = Resume Program
H = Speed Slider at 100% / L = Speed Slider at 0%
R = Load Default Program

F = Turn Off Robot Arm Power
R = Touch Sensing

F = Touch Sensing

H = No Arc

H = Program Start Block
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25. R = Ext.Joint0 Plus / F = stop
26. R = Ext.Joint0 Minus / F = stop
27. R = Ext.Joint1 Plus / F = stop
28. R = Ext.Joint1 Minus / F = stop
29. R = Ext.Joint2 Plus / F = stop
30. R = Ext.Joint2 Minus / F = stop
31. H = Safety Speed

32. F = UserCoord0Q «TCP frame
33. F = UserCoord1 «TCP frame
34. F = UserCoord2 «<TCP frame
35. F = Load & Run Program Table

36. R = Start Prog. (Once) / F = Stop Prog.
37. R = Start Prog. (Repeat) / F = Stop Prog.
38. F = Change Global Pinpoint #'s Prog.
39. R = EXT. Joint O Slow Plus / F = Stop

40. R = EXT. Joint 0 Slow Minus / F = Stop
41. R = EXT. Joint 1 Slow Plus / F = Stop
42. R = EXT. Joint 1 Slow Minus / F = Stop
43. R = EXT. Joint 2 Slow Plus / F = Stop
44. R = EXT. Joint 2 Slow Minus / F = Stop
45. R = Reset SOS

46. F = Reset SOS

47. R = Delete Point

48. R = Add ARC-ON

49. R = Add ARC-Off

50. H = Speed 75% / L = 0%

51. H = Speed 50% / L = 0%

52. H = Speed 25% / L = 0%

53. H = Speed 10% / L = 0%
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54. F = Pause Program

55. H = Block Freedrive Button
56. L = Block Freedrive Button
57. Duplex for Safety

58. F = Stop Program

CAUTION

Caution:

1) Before using Digital Input, be sure to fully understand the electrical characteristics of

the digital input port provided by the manufacturer.
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B Control box output port functionality

RAINBOW
ROBOTICS

The functions of the output ports (D.out 0 to D.out 15) of the control box can be set to the

following special functions (R = Rising Edge, F = Falling Edge, H = High State).

Output ports set to special features are not available for general use in teaching programs.

© o N o

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Basic Mode (GPIO)

H = Program/Robot Running / L = Idle State

Idle State

L = Program/Robot Running / H
H

External Impact Detected

H

Direct Teaching Mode Active

Transmit the digital input signal with the same number as the selected port
Transmit Tool Flange Input Port O Signal

Transmit Tool Flange Input Port 1 Signal

H

Robot Active / L = Not Active

H = Real Mode / L = Simulation Mode

H = Robot in Operation / L = Idle

L = Robot in Operation / H = Idle

Robot Initialization (Activation) Failed

Power Supplied to Robot Arm / L = No Power to Arm
Collision Detection On / L = Collision Detection Off

Pause State

T T I I =T
1

Trap Occurred in Inbox 0

H = Trap Occurred in Inbox 1

Used as PWM Module

H = Teaching Pendant Connected

H = Program Running in MAKE Screen
H = Program Running in PLAY Screen
H = Conveyor Mode Active

H = Control Box Boot Complete
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24.
25.
26.
27.
28.
29.
30.
31.
32.
33
34,
35,
36.
37.
38,
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.

H = Force Control Mode Active

PC Alive Pulse

Speed Slider at 100%
= Last Program Load Successful

TCP is in InBox O

TCP is in InBox 1

= Is Alarm

= Robot posture is Begin posture

= Emergency Teaching Enable

= Prog. Run in Sub.P area

= Normal Program Run / L = Others
= Normal Program Run / H = Others
= Hand Controller F1 pressed

= Hand Controller F2 pressed

= Hand Controller F3 pressed

r r T * T* I I I I I T T I =T

= Hand Controller F4 pressed
L = TCP is in InBox O
L = TCP is in InBox 1
Sync with D.out 0
Sync with D.out 1
Sync with D.out 2
Sync with D.out 3
Sync with D.out 4
Sync with D.out 5
Sync with D.out 6
Sync with D.out 7
Sync with D.out 8
Sync with D.out 9

Sync with D.out 10

RAINBOW
ROBOTICS
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53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

Caution:

1)

Sync with D.out 11
Sync with D.out 12
Sync with D.out 13
Sync with D.out 14
Sync with D.out 15
H = Is SOS State

L = Is SOS State

Pressed

H = EMG Button Released / L
L = EMG Button Released / H = Pressed

L = Robot Speed under 250mm/s

Robot Speed under 250mm/s

Near Joint Limit

H
H
H = Robot Arm under Activating
H

Under Program Loading

CAUTION

RAINBOW
ROBOTICS

Before using the digital output, be sure to fully understand the electrical characteristics of

the digital output port provided by the manufacturer.
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9.8 SET-UP(1/0 2)

Setting 1/0O Values to Always Execute Before/After Program Start.

Pt Program WO

Set 1I/O Outputs to Execute Before Program Start
(Playback)

& The ports set here will output the specified values as soon
as the program starts.
Control Box Side An.out: You can set the voltage for
analog output ports 0 to 3. The voltage can be set
between OV to 10V.

@

Tool Flange Side Voltage / D.out: You can configure the
digital output of the tool flange.
Each port can be set to Bypass/0V/12V/24V.

©) Reset All Settings.

@ Save Settings.
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Set 1/0 Outputs to Execute After Program End.

The ports set here will output the specified values as soon
as the program ends.

Control Box Side An.out : You can set the voltage for
analog output ports 0 to 3. The voltage can be set
between OV to 10V.

Tool Flange Side Voltage / D.out : You can configure the
digital output of the tool flange.

Each port can be set to Bypass/OV/12V/24V.

Reset All Settings.

Save Settings.

RAINBOW
ROBOTICS
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Voot 1 O il F uar oy

Select Digital Output Options Immediately After Control
Box Boot-up.
Save Changes.
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9.9 SET-UP(INBOX)

This section is for configuring the size and position of the Inbox for its usage.

Twidthy

Displays the Position Information of the Inbox. The
@ position of the Inbox is set based on the robot arm
base’s coordinate system as the origin.
Set the Center Point and Width for Inbox 0 and Inbox 1.
The orientation of the Inbox cannot be set.
The reference coordinate system for the settings is the
manufacturer’s base coordinate system.
® Save the Modified Settings.
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9.10 SET-UP(INTERFACE )

RAINBOW
ROBOTICS

Perform the settings required for the user to operate the robot and Ul.

Lo
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Drtmis owes Tyges

o el n ey kv Lot Bagtrtinny

Mo Are Butfon

Enter the number of repetitions on the Play screen.

Select whether to use the safety slider function on the Make screen.

When the safety slider function is enabled, if the user removes their hand
from the screen, the speed adjustment bar will return to 0.

When the safety slider function is disabled, the user can set the speed
adjustment bar to the desired level, and even after removing their hand from
the screen, the speed setting will remain as it is.

Set the speed to use when the Smooth option is enabled in the Jog function
on the Make screen.

Choose whether to visualize the auto-rotation alignment button at the
bottom of the Jog function on the Make screen.

Set the movement amount when the Tick option is enabled in the Jog
function on the Make screen.

Limit the upper value of the speed adjustment bar in the Ul

Set the direct teaching sensitivity for each joint. The higher the sensitivity, the
less force is needed to operate the robot manually.

Define the role of the play button on the dedicated jog/emergency stop
interface device provided by the manufacturer.

Set the default settings for operations on the Make screen.
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Choose whether to visualize the auto-rotation alignment button at the
bottom of the Jog function on the Make screen.
@ Enable or disable the No Arc button on the Make screen.

® Save the modified settings.

Gewyoay ad S Vag Hams ot Fusit E e P Profibet, OPC-LIA
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Stiart Program Onee

. [ | |
\_‘ ) -I | e | -_.1.._., .-.._.,...-..

Change Butfon Furction

Bastton

Direcizn

Firsibon Bone
I
| Harel Controler Mountng Patu

Pl { ComneE i)

Check the setting values of the additional function buttons below the emergency
stop button.
When you press the additional function button, the corresponding button number
lights up. This allows you to check if the Ul is functioning properly.
Change Button Functions: You can assign functions to each button.

Hand Controller Attachment Status: When the robot arm is activated, you can

configure whether to use the hand controller or not.

CAUTION

Caution:

1) For safety reasons, use the mounted (Connected) state of the hand controller as much as

possible.
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Cenwral Settng MandControler Function !
g EtherNet/IP Adaptor ProfiNet Device
£P OV O Setvp ] PiNet OO Setup

1P Operating State | PiNet Operating State

0P Adaptor Veruon i PNet Devee Verion

! P Scanner Request i Preet Contr oder Request

" "
Latest version . Latent vervon

'

|

: oo bl sl m

[

EtherNet/lP;i

® Enable or disable the Ethernet/IP Adapter function and check its current status.
Enable or disable the ProfiNet Device function and check its current status.
@ Enable or disable the OPC-UA Server function.

Grerearal S ity ruiy oller F usnec tion Ethwrbiat' I Profibet, OPCUA

L |- Chsch the sawed 1o 1P addess
[ —

Set the IP address for configuring the On-Robot Box.
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9.11 SET-UP(COORDINATE)

This section is for configuring a user-defined coordinate system (User-Coordinate).

Cowrd O 400
Coord 1 ]
Coord 2 o
Crurvge Setlngs

Method | Coordinate O Option O
Pornt
Poi 2

Porn )

[ omorcooancere |
®

Displays the Current User-Defined Coordinate System

Information.

The information is displayed relative to the manufacturer’s

robot base coordinate system.

Modify the Settings for User-Defined Coordinate Systems. You

can set up to three user-defined coordinate systems.

Each coordinate is defined with the robot arm base as the

origin.

Set the coordinate system through the 3-point setting.

Point 1 (P1): This is the origin of the user-defined coordinate
@ system.

Point 2 (P2): This is any point on the X-axis of the user-defined

coordinate system. It is recommended to set P2 as far from P1

as possible.

Point 3 (P3): This is any point on the XY plane of the user-

defined coordinate system. The direction of the Z-axis is

determined based on the position of Point 3.
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9.12 SET-UP(SECURITY)

This section allows you to set passwords for different menu screens or configure display
settings.

Carrent PW
Maw F

Confrm P Canliem P

&SP

Db Mot

St P v et P O o

Ma-w Mo PN

Confarm P Canfiem P

© You can assign a password to each screen handled by the Ul

Always Keep Screen On:

Enables the screen to remain on when using Make and Play
modes. (This prevents disconnection when the screen is off, but

@ may drain the battery quickly, so use with caution.)
Gesture Mode:

When enabled, you can navigate the screen using up/down

gestures.
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9.13 SET-UP(DEVICES)

Set up additional devices (Devices) connected to the robot.

Unineg Wesding Machine Sritrge

! et Btart Sugrad Seschon Currend Commard Sogral Renge Seilng Vol Commared Yagrl Hargs Lritrg

| Sedect Signal 1o Wad for Arcing

rr—
SO.00

| Wirs Bisck-bncfureg
+ Crarank Rarges for i ehdineg Miahora Lk Wi erng b Fure it el Frarget 7

U - Wk Dok Pt Vishont

Setting can be carried out for the analog welding machine and
@) parameters related to the welding output are set as a linear
function.

@ You can save the changed settings.

Set up the equipment connected to the robot.
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The parameters associated with the welding output can be set

to the user's discretion.

A W Mt St et e Ao 1 skt Wekd Maching Sattieg  Grpeel bt Commemkaton P OMep Lot Ass Satting

If you use the digital welder function in the Make window, you

@ will immediately see what you set in the corresponding
compartment.
® You can save the changed settings.
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If you use the gripper function in the Make window, you will
see what you set up in the corresponding space immediately.

@ You can save the changed settings.

rb

Cot-at
A Weld Machine Setting Ackemre a3 Anaicg Welder O 'Wiekd Machine Settrg Grippw Satting  Cor Ext Asn Stting
L . -

Commesricaton V'O
Tead/ TOP 2 o,
[

Lhiiey

You can map the device in the PLC to the I/O in the control

box, and it can be used even if the program is not running.

©) You can save the changed settings.
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Proceed with the settings for each parameter on the external
axis.

@ You can save the changed settings.
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9.14 SET-UP(ToOL LIST)

This section is for configuring the TCP list (Tool List).

Bl LR P

© This shows the current settings for the TCP.
Select the TCP Number You Want to Modify. You can configure
@  the name, TCP position, and center of mass, then save the
changes.
® Save the Modified Settings.
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9.15 SET-UP(PROGRAM TABLE)

You can set up the programs to be triggered by each digital input.

el el <ledelefelel<fcf<]<[<]
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Import the existing settings.

Select the digital input port to be used.

Choose the function to use. The functions are categorized as
Load, Load + Play (Once), and Load + Play (Repeat).

Select the project to be used via the digital input.

©®e © © 6

Save the configured settings.

The existing Start Program function under ‘Setup > 1/0O1" in Control Box Digital Input Function
Definition can only utilize one digital input and can only execute the main program currently
uploaded to the control box. In contrast, Setup > Program Table allows you to load different

programs for different digital inputs, enabling program execution and other functionalities.

You can see the differences between the two functions in the diagram below.
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Digital In # e Main Program <

SetUp > 1/01

Digital In # s Program set in

o Program set in
Digital In # [Program Table] E

[Program Table]

o Program set in
Digital In # - [Program Table] g @

SetUp > Program Table

© RAINBOW ROBOTICS Inc. All rights reserved. 431
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CHAPTER 10. MAINTENANCE

10.1 CHECKLIST AND PERIOD

The robot requires regular maintenance to perform in the best condition. As such, a regular
maintenance schedule is highly recommended. During maintenance, the following check list has
to be done. If you encounter an issue during the inspection that you cannot resolve on your own,

please contact the manufacturer.

Check

Check Point Period
ltem
Check that the robot moves to the
desired location properly. )
i Daily
Check that the robot keeps its pose
Robot .
between being turned on and off.
Robot Remove stains, dust, and any Every 3
Arm contamination. months
Check if a joint becomes irregularly hot )
Motor . Daily
or noisy.
Check that all screws on the body are Every 3
Screws ]
tightened. months
Cable  Check the connection of cables
Control Every 6
Box months

In-Box Remove dust in the control box.

WARNING

Warning:

1) During maintenance, cut off the power to the system (Control Box and Robot Arm) and

perform work.

2) For pneumatic/electric line passing models, remove the connected energy source

(pneumatic/electric power) and perform the work.
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10.2 ROBOT ARM MAINTENANCE

Maintenance Period

The robot arm requires an inspection at least per 1 year. Depending on the wear and

tear, the maintenance period may differ.
Maintenance Instruction

Move the robot to the 'Home’ position.

2. Turn off the control box.

3. Check the following list.

@ Robot-Control Box Cable: Is it cut or stabbed?
@ Screws: Are any loose?

® Mechanical Parts (Motor, Brake, Reduction Gear): Are any louder than normal?

4. Remove stains, dust, and any other contamination.
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10.3 ROBOT CONTROL BOX MAINTENANCE

Dust in the control box may cause it to over-heat or generate electrostatic.

These can potentially damage the control box. It is required to regularly clean up dust in the

control box.

B Maintenance Period

The control box requires an inspection and clean-up at least once per 6 months.

Depending on the environmental condition around the robot, the period may differ.

B Maintenance Instructions
1. Turn off the control box.
2. Remove the cover of the control box.
3. Check if there is any dust accumulated inside the robot control box.
4. If dust is present, carefully remove it using a vacuum cleaner or similar tool.

5. Check that all wires are connected properly.
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APPENDIX A. SYSTEM SPECIFICATION

RAINBOW
ROBOTICS

Robot Arm

Payload

Weight

Arm Reach

Degree of freedom
Joint Range
Velocity
Repeatability

Foot print

Tool (End Effector) Connector
Type

Tool 1/0 Ports

Tool Comm.

Tool Output Vol.

IP Rate

Temperature / Noise

Material

Cable Length

Specification
RB5-850E Series: 5 kg / 11 Ibs
RB3-1200E Series: 3 kg / 6.6 Ibs
RB10-1300E Series: 10 kg / 22 Ibs
RB16-900E Series: 16 kg / 35.2 Ibs
RB3-730ES Series: 3 kg / 6.6 Ibs
RB6-920ES Series: 6 kg / 13.2 Ibs
RB20-1900ES Series: 20 kg / 44.1 lbs
RB5-850E Series: 22 kg / 48.5 Ibs
RB3-1200E Series: 22.4 kg / 49.4 lbs
RB10-1300E Series: 37.1 kg / 81.8 lbs
RB16-900E Series: 32 kg / 70.5 Ibs
RB3-730ES Series: 11 kg / 24.3 Ibs
RB6-920ES Series: 21.2 kg / 46.7 Ibs
RB20-1900ES Series: 76 kg / 167.5 lbs
RB5-850E Series: 927.7 mm / 36.5 in
RB3-1200E Series: 1200 mm / 47.2 in
RB10-1300E Series: 1300 mm / 51.1 in
RB16-900E Series: 900 mm / 35.4 in
RB3-730ES Series: 730 mm / 28.7 in
RB6-920ES Series: 920 mm / 36.2 in
RB20-1900ES Series: 1900 mm / 74.8 in
6 axis
+ 360° (Elbow: + 165°)
Joint: Max 180°/s, Tool: Tm/s
+0.05 mm
RB5-850E/RB3-1200E/RB6-920ES Series: ®173 mm
RB10-1300E/RB16-900E Series: ®196 mm
RB3-730ES Series: ®128 mm
RB20-1900ES Series: ®245 mm
NE, E Version: M10-12Pin X 1EA
U Version: M8-8Pin X 2EA (depend on option)
NE Version: Digital In 2, Digital Out 2, Analog In 2
E, U Version: Digital In 6, Digital Out 2
RS485
12V/24V, 2A
IP66
0 ~50°C/ <65dB
Aluminum, Steel.
Power cable, Robot Arm-Control Box connection cable: 5m

Estop/Jog Interface cable: less 3m
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Stand-type Control Box

Weight

Size (W x H x D)

I/O Ports

Communication

Power

Material

Compact Control Box

Weight

Size (W x H x D)

I/O Ports

Communication

Power

Material

DC Control Box

Weight

Size (W x H x D)

I/O Ports

Communication

Power

Material

Specification
CB04, CB05: 17 kg / 37.5 Ibs
CB06, CB06-1: 14.9kg / 32.8 Ibs
CB04, CBO5: 454 x 240 x 416.2 mm
CBO06, CB06-1: 443 x 371 x 260 mm
Digital Input 16, Digital Output 16
Analog Input 4, Analog Output 4
Ethernet, TCP/IP, Modbus TCP, Ethernet IP, ProfiNet,
Siemens S7, OMRON FINS, Mitsubishi MC, LS XGT
100 ~ 240 VAC, 50 ~ 60 Hz

EGI(Electrically galvanized steel sheet)

Specification
CB07: 8.3 kg / 18.3 Ibs
457 x 173.5 x 232 mm
Digital Input 16, Digital Output 16
Analog Input 4, Analog Output 4
Ethernet, TCP/IP, Modbus TCP, Ethernet IP, ProfiNet,
Siemens S7, OMRON FINS, Mitsubishi MC, LS XGT
100 ~ 240 VAC, 50 ~ 60 Hz
SUS 304

Specification
CB08: 8.2 kg / 18.1 Ibs
470 x 173.5 x 232 mm
Digital Input 16, Digital Output 16
Analog Input 4, Analog Output 4
Ethernet, TCP/IP, Modbus TCP, Ethernet IP, ProfiNet,
Siemens S7, OMRON FINS, Mitsubishi MC, LS XGT
48 VDC
SUS 304

RAINBOW
ROBOTICS
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APPENDIX B. FOOT PRINT SCHEMATIC

RAINBOW
ROBOTICS

B RB5-850E / RB3-1200E / RB6-920ES Series

- P.C.D: Pitch Circle Diameter

- DP: Depth
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B RB10-1300E / RB16-900E Series

- P.C.D: Pitch Circle Diameter

- DP: Depth.
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B RB3-730ES Series
- P.C.D: Pitch Circle Diameter

- DP: Depth.
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surface on which the robot is fitted

Free zpace for cable installation
33« 100mm
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B RB20-1900ES Series
- P.C.D: Pitch Circle Diameter
- DP: Depth.

RAINBOW
ROBOTICS
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APPENDIX C. TOOL FLANGE SCHEMATIC

B RB5-850E / RB3-1200E / RB6-920ES Series

- P.C.D: Pitch Circle Diameter
- DP: Depth.
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B RB10-1300E / RB16-900E Series

- P.C.D: Pitch Circle Diameter
- DP: Depth.
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B RB3-730ES Series

- P.C.D: Pitch Circle Diameter
- DP: Depth.
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B RB20-1900ES Series

- P.C.D: Pitch Circle Diameter
- DP: Depth.
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APPENDIX D. CONTROL BOX ELECTRICAL SCHEMATIC

B Stand Control Box(CB06) Electrical Schematic
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RAINBOW ROBOTICS

B Stand-type Control Box(CB06-1) Electrical Schematic

e 0
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RAINBOW ROBOTICS

B Compact Control Box(CBQ7) Electrical Schematic
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B DC Control Box(CB08) Electrical Schematic

© RAINBOW ROBOTICS Inc. All rights reserved.
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APPENDIX D-1. CONTROL BOX DIGITAL INPUT

m  Warning

Before connecting Control Box Digital input port, the power should be cut off.

1. Internal Circuit Diagram of Digital Input [DIO0 ~ DI15]

1
Insidethe |}  Outside the
controlbox 11 control box

NOW

Device configuration that receives Control Box Digital input (DI00-DI15).

There is an internal 24V supply terminal. A malfunction will occur if an external 24V is supplied.

2. How to use digital input elements [DIO0 ~ DI15]

Inside the
control box

Outside the
control box

VBB
(_—_ e

v

s

TS

How to use RB Control Box Digital input device (DI00-DI15).
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Functional Description

Vr=30V

151V
Winomezt

£ Vinahys

Vinxgolr

active
current sink

v ]

-3V

Inizcgen 0.5mA AT A— 15mA

|

"open’ [01] 0o
T

[ ] bamBitmustbezero [ | DataBitmustbe one Data Bit = 1, Status Bit =0

Figure 11 Sensor Input Characteristics

Voltage / current characteristic curve of digital input signal.

3. Digital input characteristics [DIO0 ~ DI15]

Terminals Parameter Min Typ Max Unit
[DIOO - DI15] Voltage -3 - 30 '
[DIOO - DI15] OFF region -3 - 5 Vv
[DIOO - DI15] ON region 1 - 30 vV
[DIOO - DI15) Current(11-30V) 2 - 15 mA
[DIOO - DI15] Function - PNP+ - Type
[DIOO - DI15] IEC 61131-2 - 1 - Type

This specification applies only to digital input 0 to digital input 15.
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4. Internal Circuit Diagram of Digital Input [DI16 - DI17]

Outside the
control box

Inside the
control box

-33v

R84
R2012_4.7KF

R85

DIGITAL INPUT16 % 4 1 A SEXT INIS T N1 ]
\ R2012_2.2KF
~
3 2
C357NJ0000F

e N—— |

Device configuration that receives Control Box Digital input (DI16-DI17).

NOW

..”_

[}
Z
5]

There is an internal 24V supply terminal. A malfunction occurs when an external 24V is supplied.

5. Digital input characteristics [DI16 - DI17]

Terminals Parameter Min Typ Max Unit
[DI16 - DI17] Voltage 0 - 25 \
[DI16 - DI17] OFF region 0 - 7 \
[DI16 - DI17] ON region 7 - 25 \
[DI16 - DI17] Function - PNP+ - Type

This applies only to digital inputs 16 and 17.

6. Testing environment

Digital input device test was conducted using Toggle switch, and the following configuration was
tested.

Control Box

DIGITAL INPUT

Lo L LI LL

T el
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7. How to use PNP sensor

[+ 240ur = ]sis| x| x1 | x2 ] x3 |

PNP sensor can be used in the same way as above.

This is a specification that applies to all digital inputs.

8. How to connect 3-Position Enabling Device

Control Box

CONFIG INPUT
+48V Power Switch Safeguard Stop

J\‘ZW/I\DH& J\-ztwlrm? J\EMMJE\AAZ J\[Mmﬁl\w B2

B H B

Default connections Default connections

The initial factory condition is as above, and it is possible to install the operation.

Source: https://www.motionsolutions.com
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conn
MG20A-P-138 Flexible Super Gland
AVC 7

Control Box

CONFIG INPUT

+48V Power Switch

.ler.,\nu
™)

Safeguard Stop

lir.uu le lI.IJIE 'Jlulu
..'. _f'\ ,"._ ..\

L L

Control Box

CONFIG INPUT
+4BV Power Switch

Safequard Stop

4y ot

I-:n Inn—'

L L

This applies to Enabling Device in accordance with ISO 10218, IEC 60204-1.

9. How to connect safety equipment

Safety device wiring using PNP type sensor and Enabling Device such as light curtain and safety
door sensor is same as above.
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APPENDIX D-2. CONTROL BOX DIGITAL OUTPUT

RAINBOW
ROBOTICS

B Warning

Before connecting the Control Box Digital output port, the power should be turned off.

1. Digital output internal circuit diagram [DO00 ~ DO15]

Inside the
control box

NoW

Outside the
control box

Device configuration that performs Control Box Digital output (DO00-DO15).

There is internal GND terminal, and it should be connected to GND of external sensor and

equipment to be connected.

2. Digital output device usage [DO00 ~ DO15]

Outside the control box
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Typical Application 1
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How to use RB Control Box Digital Output Device (DO00-DO15).
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How to use a single digital output.

Vbb power is supplied inside of the control box and its output is the source.

3. Digital output characteristics [DO00 ~ DO15]

Terminals Parameter Min Typ Max Unit
[DO00 - DO15] Voltage 24 Vv
[DO00 - DO15] CURRENT 0 1 A
[DO00 - DO15] Function - PNP Type

RAINBOW
ROBOTICS

Single channel 1A is possible, but the total current of all channels must be less than 2A

4. Test environment

Digital output device test was conducted using 24Vdc LED and the following configuration was

tested.

Control Box

LNI)LD 0

DIGITAL QUTPUT

mm/l{m 3

J\G\n/l\ns 2
! \
T

P
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APPENDIX D-3. TOOL FLANGE DIGITAL INPUT

®  Warning

Before connecting RB Tool Flange | / O input port, the power should be cut off.

B The electrical drawing below is for Non-E type only.

1. Digital input internal circuit diagram

R6

R1
R1608_1.3KF

AN

"lf—

2
)

Device configuration for Tool Flange Digital input.

SamWoo Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

NOW
l
EH

Outside the Robot Arm

SamWoo Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

1= DO[A) _

2 = DOIB] s

3 = 12/24V 3 = 12/24v

4 = GND %= CND

5 = DI[A] 5 = DI[A]

6 = DI[B] 6 = DI[B]

7 = AllA] 7 = DI[C]

8 = Al[B] 8 = DI[D)

9 = RS485+ 9 = RS485+
10 = RS485- 10 = RS 485-
11 = GND 11 = DIE]

12 = GND 12 = DIfF)
(1) Non-E Version Robot (2) E Version Robot

Exposed connector wiring diagram. The wiring diagram will be divided as shown

according to the robot version.

above
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2. Digital input characteristics

Terminals Parameter Min Typ Max Unit
[DIA, ..., DIF] Voltage 0 - 24 v
[DIA, ..., DIF] OFF region 0 - 9 %
[DIA, ..., DIF] ON region 10 - 24 vV

This is a specification that applies only to Tool Flange Digital input (At this time, only DIA

and DIB for Non-E version Robot are applied.)

3. Test environment

Digital input device test was conducted using power supply, and the following configuration was
tested.

Tool Flange

Power Supply

GND  0~24Vdc

SamWoo Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

SamWoo Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

1 = DO[A] ,
1200 1- 0w
3 = éﬁé‘w 3 = 12/24v

- 4 = GND

5 = DI[A] 5 - DI[A]

6 = DIB] =D

7= AlA & = DIl

8 = AI[B] 7 = DI[C]

9 = RS485+ 8 = DI[D]
10 = RS485 9 = RS485+
11 = GND 10 = RS 485
12 = GND 11 = DIfE]

12 = DI[F]

Non-E Version E Version

457



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

4. How to use PNP sensor

Ex source: https://blog.naver.com/mjg5080/97380010

[+ 240ur = [sis| xo | x1 [ x2 [ xa|

PNP sensor can be used in the same way as the above connection.

This applies equally to the Control Box Digital input.
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APPENDIX D-4. TOOL FLANGE DIGITAL OUTPUT

m  Warning

Before connecting the Tool Flange I/O output port, the power should be cut off.

B The electrical drawing below is for Non-E type only.

1. Digital output internal circuit diagram

Inside the Robot Arm

R36
§R1608710KF

——{ #DIGITAL_OUTPUT B

Outside the Robot Arm

Z R20
i ) B P 0.5)
O [CoUTPUTE —’\/\/\r—‘|':3ssmsxs4m LF
(s R1608_100RF
GND

Device composition for Tool Flange Digital output [DOA, DOB].

SamWoo Electrionics co., LTD. SamWoo Electrionics co., LTD.
PN : SW-10W-12(R) PN : SW-10W-12(R)
Plug Front View Plug Front View
1 = DO[A) 1 = DOA
2 = DOIB] 2= DO{B]]
3 = 12724V _
=1 3 = 127247
4 = GND
5 = DIIA] 5 = DI[A]
6 = DI[g] 6 = DI[B]
7= Al 7=pICQ
8 = Al[B| 8 = DI[D]
9 = R5485+ _
10 = RS485- 9 ~RoABs ¥
11 = GND 10 = RS 485-
12 = END 11 = DI[E]
12 = D[]
(1) Non-E Version Robot (2) E Version Robot

External connector wiring diagram. The wiring diagram will be divided as shown above according

to the robot version.
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2. Digital output characteristics

RAINBOW
ROBOTICS

Terminals Parameter Min Typ Max Unit
[DOA, DOB] Voltage 0 12/24 24 Vv

[DOA, DOB] CURRENT Ver 1. 0 150 700* mA
[DOA, DOB] CURRENT Ver 2. 0 2000 2000 mA

*Tsp=25°C; pulsed; tp<10us

This specification applies only to Tool Flange Digital outputs A and B.

As of July 24, 2019, version of RB5 shipped out is Current Ver 1.

3. Test Environment

Digital output device test was conducted using 24V dc LED and the following configuration was

tested.

2 AWG 2 [ Jals
2 AWG 26 AWG
26 AWG

Tool Flange

I

o
o
o
D
D
o

SamWoao Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

(1) Non-E Version

SamWoo Electrionics co., LTD.
PN : SW-10W-12(R)
Plug Front View

1 = DO[A]
2 = DO[B]
3 =12/24V
4 = GND

5 = DI[A]

6 = DI[B]

7 = DI[C]

8 = DI[D]

9 = RS485+
10 = RS 485-
11 = DI[E]
12 = DI[F]

(2) E Version
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The following example is shown in this manual.

B The image shown below illustrates how to turn on/off a load with 12V or 24V. The

voltage level can be specified in the Tool Out block.

# It is strongly recommended to use a diode to protect the tool using an inductive

load.

4. Precautions when using
Digital output device is NPN type but has internal 10K pullup resistor.

Most devices (LEDs, solenoid valves, relays) can be used in the test environment No. 3 or with the
digital signal application function on commercial grippers. However, they may not work in the
environment using the same voltage distribution as Rainbow Robotics' tool flange digital input

devices.

Inside the robot arm Inside the robot arm

wie 10qou Y} 3pIs IO

R

Vv { DIGITAL IRFOT S|
RISUS 4 7KF
1608_1 3KF
GND

When Rainbow Robotics’ digital output is connected to the digital input

NoOW

AL_OUTPUT B

NOW
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EVCC

R
gazéoa_wm

Inside the robot arm Inside the robot arm

wJe 30qoJ 3y} 3pIs N0

=
{DIGITAL INPUT B |

NOW

v
RIS 4 7KF |
R

R1608_1 KF

GND

Low Digital output

The digital input is input with OV and output to Low.

EVCC

Inside the robot arm Inside the robot arm

R
gRMCS 10KF

we 30qol 3Y3 3pIs INQ

R?

ANN/ {_DIGITAL INPUT B
RIS08 4 TKF
1608_1.3KF
GND

Digital output High

NOW

Digital input may not be recognized depending on the resistance value.

For the diagram above, if the voltage applied to MCU is EVCC 24Vdc, about 2V is applied to it

and is detected as Low.

If users MUST operate as above diagram, digital input stage resistance ratio adjustment

IS necessary.
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APPENDIX E. EXTERNAL SCRIPT CONTROL API

E.0 Concept

The cooperative robot RB series can be operated for various environments and purposes. It can
be used in conjunction with multiple RB series or other systems. In conjunction with the vision
system, movement coordinates can be changed in real time or used as part of a user's existing

system.

Users can control the robot with teaching pendant (tablet Ul), but it provides a way to control the

robot from any external controller for user's convenience or operation.

The RB series receives script commands by default and executes those commands. The task of
writing a motion using the teaching pendant (tablet Ul) and executing the script of the file in
order is a general operation method. The following method described in this document is an
alternative method of receiving a command script from another external device to control a robot

of the RB series.

The control syntax provided in the teaching pendant/tablet Ul can be implemented by the user
directly from the external control device, and the robot operation commands/IO control

commands are sent according to the user’s use case.

The following document describes an example of driving a robot with the above concepts.
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E.1 External Control Script API

The description of the scripts provided in this document looks similar to the scripts in the “.wsl"
work document, which is written using a tablet as a dedicated script for external control. Work

"non

documents contain statements that control flows such as “repeat”, “if-else”, and "break”, so that
the completion of a statement is not directly related to the action, and the parent sentence of

that statement must be completed.

For example, suppose there are Point Functions in the Move command Function.

1)
move joint {
point () absolute 0.4, 0.1, 0.0,0.0, 0.0, 0.0,0.0,0.0
point () absolute 0.4, 0.1, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0

2)
move joint {
point () absolute 0.4,0.1, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
point () absolute 0.4, 0.1, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0

The difference between 1 and 2 is the presence or absence of “}" at the end. In both cases, the
point statement is complete. However, unlike 1, 2 is a syntax that cannot operate because the
move statement, which is the parent of point, is not completed, and the parser will wait for the

statement to complete.

3)
folder() {
move joint {
point () absolute 0.4, 0.1, 0.0, 0.0,0.0,0.0,0.0,0.0
point () absolute 0.4, 0.1, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0
}

In the same logic as above, the parser does not run because it waits for the folder statement to

complete.

However, the above method is not suitable for external control method. The user expects the
robot to operate by parsing the command the moment it sends it through external control. It

does not send multiple commands and complete those lines of text like example 3.
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So external control must be organized so that each command is sent separately as a string.
External control does cannot access any features that control the flow. Commands such as

"repeat”, "if-else", "break" or "wait" in the work document will not be available externally and

must be replaced by the same structure and logic within the external control.
First, the script | will explain is initialization, termination, and operation mode change.
1) mc

Script mc jall init

Descript.  This command starts initialization process.
Example  “mc jall init”

2) shutdown

Script shutdown

Descript.  This command terminates the robot operation and turns off the power.
Example “shutdown”

3) pgmode

Script pgmode mode_type

Descript.  This command changes the mode between real and simulation modes.

The operation mode is selected through mode_type.

There are two operation modes: 'real' and 'simulation'.

In 'real’, the robot physically moves when a motion command is issued.
In 'simulation’, when a motion command is issued,

only the internal reference is changed, and the command does not move
the robot.

When the robot is first initialized, the default mode is 'simulation' mode.

Example “pgmode real”
“pgmode simulation”
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The last command explained is the task script.
task

Script task load work_file_name

Descript.  This command loads a work file previously programmed.

The work_file_name uses the name of the ".wsl' file. At this time, the ".wsl'
extension should be omitted, and only the relative path and name of the
file should be entered.

This file is not one that exists on the pendant, but rather a file that has
been loaded or saved to the control panel at least once through the
pendant. Therefore, it is possible to load the file even if the pendant is

not connected.
Example  “task load test_file”

Script  task play option

Descript.  This command runs the work file loaded.

The input value for option is blank or “once”. When option leaves empty,
it runs the work file repeatably until the number of repeatation is met.

When “once” is set, it runs the work file once.

Example “task play”
“task play once”

Script ~ task repeat num

Descript.  This command sets the number of repeatation for the work file.

The input value for num is the number of repeatation. The number should

be an integer. -1 can be used to run the work file unlimitedly.

The number of repeatation set by this command is maintained until
power off. After rebooting the robot, this value is set by a number in the

pendent.

Example “task repeat 5”
“task repeat -1”
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Script task pause

Descript.  This command pauses the robot operation that is currently in progress.

It can be used for all work files that are running due to external control

commands and the "task play” command.

In a paused state, the operation can be resumed using the "task

resume_a" command.

When the robot is in a paused state, it is not considered as finished, so

any other operation commands from external control will be ignored.
Example “task pause”

Script task stop

Descript.  This command stops the robot operation that is currently in progress.

It can be used for all work files that are running due to external control

commands and the "task play” command.

Once the operation is stopped, it will not resume with "task resume_a."

The operation is completely terminated.

When the stop command is issued, the robot may abruptly halt if it was
moving quickly. It is recommended to perform the "task stop" command

after "task pause."
Example  “task stop”

Script ~ task resume_a
Descript.  This command resumes the operation of the robot that was paused by
the "task pause" command or by an alarm or debug command in the

work file.
Example  “task resume_a”

467



RAINBOW ROBOTICS RAINBOW
RB SERIES _ USER MANUAL ROBOTICS

Script task resume_b
Descript.  This command resumes the operation of the robot that was paused due

to external collision detection.
Example  “task resume_b”

In order to use external control, the external computer must be connected to the control box. The
connection uses TCP / IP communication and the corresponding IP address can be set in the
pendant. The result is displayed on the screen on control panel. Ports 5000 and 5001 open for
external control. Port 5000 is a port for receiving commands, and port 5001 is a port for
requesting and sending data indicating robot status. For convenience, port 5000 is called the

command port and port 5001 is called the data port.

Users can send the script command described above to the command port. The command port
has a filter for the first command, so if it does not start with a previously described script
command like "mc" or "pgmode," it will respond with the message "The command is not
allowed." When a valid command is properly formatted and passed to the parser, the response

will be "The command was executed."

Additionally, for more diverse script commands, please refer to [Ui_Script]_6.10_ENG.

For the data port, sending the command "reqdata” will return information about the current robot
status through the data port. Please refer to the [reqdata_Structure]_6.10_ENG manual for more

details.
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APPENDIX F. COORDINATE SYSTEM

® Global Coordinate

Once the robot is fixed with the coordinate system fixed to the base of the robot, the

global coordinate system is also fixed.

The center of the base surface is the origin. Set the robot direction to the +Z direction

from the origin and the connector direction to the +Y direction from the origin.
® Local Coordinate

Coordinate system fixed to TCP (Tool Center Point) of the robot, the direction of the axis

changes in real time by setting or moving the TCP offset.

Set TCP as the origin and set the robot direction from the origin to the +Y direction and

the teach button direction from the origin to the +Z direction.
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APPENDIX G. STOPPING TIME/DISTANCE
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In the RB Series of collaborative robots, the time and distance between the robots stop and the

distance are generated by the safety monitoring function.

The graph below shows the stop time and stop distance for stop category 1 for Joint 0 (Base axis),

Joint 1 (Shoulder axis), and Joint 2 (Elbow axis). The measurements were conducted by attaching

the payload to each joint.

A WARNING

Depending on the situation, the actual stop motion may differ from the results below. Joint 0 is

the result of horizontal movement, and Joint 1 and 2 are the result of vertical downward

movement. For the length of the arm, the maximum length is applied.

Test 1
Test 2
Test 3
Maximum
Average
Condition

Test 1
Test 2
Test 3
Maximum
Average
Condition

Test 1
Test 2
Test 3
Maximum
Average
Condition

RB5-850E Series Base (Joint 0)

Stop Distance (mm) Stop Time (sec)
150.91 0.3
149.68 0.28
148.5 0.3
150.91 0.3
149.7 0.29

Max. Reach / Max. Velocity / Horizontal Motion

RB5-850E Series Shoulder (Joint 1)

Stop Distance (mm) Stop Time (sec)
193.77 0.28
220.46 0.32
198.28 0.29
220.46 0.32
204.17 0.3

Max. Reach / Max. Velocity / Vertical Downward Motion

RB5-850E Series Elbow (Joint 2)

Stop Distance (mm) Stop Time (sec)
168.52 0.31
165.34 0.3
141.02 0.23
168.52 0.31
158.29 0.28

Max. Reach / Max. Velocity / Vertical Downward Motion
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Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RB3-1200E Series Base (Joint 0)

Stop Distance (mm)

253.3
252.63
249.27
252.63
251.73

RAINBOW
ROBOTICS

Stop Time (sec)
0.33
0.27
0.24
0.33
0.28

Max. Reach / Max. Velocity / Horizontal Motion

RB3-1200E Series Shoulder (Joint 1)

Stop Distance (mm)

283.08
285.88
303.28
303.28
290.75

Stop Time (sec)
0.3
0.29
0.34
0.34
0.31

Max. Reach / Max. Velocity / Vertical Downward Motion

RB3-1200E Series Elbow (Joint 2)

Stop Distance (mm)

195.68
200.94
190.95
200.94
195.86

Stop Time (sec)
0.31
0.31
0.3
0.31
0.306

Max. Reach / Max. Velocity / Vertical Downward Motion

471



RAINBOW ROBOTICS
RB SERIES _ USER MANUAL

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RAINBOW
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RB10-1300E Series Base (Joint 0)

Stop Distance (mm)

132.97

136.53
1421
1421
137.2

Stop Time (sec)
0.3
0.32
0.34
0.34
0.32

Max. Reach / Max. Velocity / Horizontal Motion

RB10-1300E Series Shoulder (Joint 1)

Stop Distance (mm)

260.51
246.79
252.54
260.51
253.28

Stop Time (sec)
0.36
0.35
0.35
0.36
0.353

Max. Reach / Max. Velocity / Vertical Downward Motion

RB10-1300E Series Elbow (Joint 2)

Stop Distance (mm)

267.73
269.61
252.86
269.61

263.4

Stop Time (sec)
0.32
0.32
0.3
0.32
0.31

Max. Reach / Max. Velocity / Vertical Downward Motion
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Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RAINBOW
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RB16-900E Series Base (Joint 0)

Stop Distance (mm) Stop Time (sec)

63.69 0.27
67.113 0.29
60.864 0.31
67.113 0.31
63.89 0.29

Max. Reach / Max. Velocity / Horizontal Motion

RB16-900E Series Shoulder (Joint 1)

Stop Distance (mm) Stop Time (sec)

140.06 0.33
135.55 0.31
143.88 0.33
143.88 0.33
139.83 0.32

Max. Reach / Max. Velocity / Vertical Downward Motion

RB16-900E Series Elbow (Joint 2)

Stop Distance (mm) Stop Time (sec)

270.96 0.32
266.4 0.32
252.93 0.31
270.96 0.32
263.43 0.316

Max. Reach / Max. Velocity / Vertical Downward Motion
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Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RB3-730ES Series Base (Joint 0)
Stop Distance (mm)
122.8
118.11
125.99
125.99
122.3

Stop Time (sec)
0.28
0.27
0.28
0.28
0.276

Max. Reach / Max. Velocity / Horizontal Motion

RB3-730ES Series Shoulder (Joint
Stop Distance (mm)

182.17

190.41

182.64

190.41

185.07

Max. Reach / Max. Velocity / Vertical Downward Motion

1)
Stop Time (sec)
0.3
0.35
0.3
0.35
0.32

RB3-730ES Series Elbow (Joint 2)

Stop Distance (mm)
151.06
147.56
156.75
156.75
151.79

Max. Reach / Max. Velocity / Vertical Downward Motion

Stop Time (sec)
0.24
0.23
0.28
0.28
0.25

RAINBOW
ROBOTICS
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Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RAINBOW
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RB6-920ES Series Base (Joint 0)

Stop Distance (mm) Stop Time (sec)

171.72 0.24
160.14 0.18
165.44 0.18
171.72 0.24
165.77 0.2

Max. Reach / Max. Velocity / Horizontal Motion

RB6-920ES Series Shoulder (Joint 1)

Stop Distance (mm) Stop Time (sec)

211.4 0.31
211.6 0.3
196.8 0.25
211.6 0.31
206.6 0.29

Max. Reach / Max. Velocity / Vertical Downward Motion

RB6-920ES Series Elbow (Joint 2)

Stop Distance (mm) Stop Time (sec)

217.3 0.21
211.6 0.21
215.6 0.21
217.3 0.21
214.83 0.21

Max. Reach / Max. Velocity / Vertical Downward Motion
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Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

Test 1

Test 2

Test 3
Maximum
Average

Condition

RAINBOW
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RB20-1900ES Series Base (Joint 0)

Stop Distance (mm) Stop Time (sec)

219.67 0.21
205.5 0.2
217.72 0.2
219.67 0.21
2143 0.2

Max. Reach / Max. Velocity / Horizontal Motion

RB20-1900ES Series Shoulder (Joint 1)

Stop Distance (mm) Stop Time (sec)

359.34 0.28
355.6 0.27
363.33 0.29
363.33 0.29
359.42 0.28

Max. Reach / Max. Velocity / Vertical Downward Motion

RB20-1900ES Series Elbow (Joint 2)

Stop Distance (mm) Stop Time (sec)

205.35 0.24
150.78 0.2
210.02 0.26
210.02 0.26
188.72 0.23

Max. Reach / Max. Velocity / Vertical Downward Motion
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APPENDIX H. NAMEPLATE

RAINBOW
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The nameplate of the robot is divided into the robot arm and the control box as shown below.

[Robot Arm]

RB5-850E Series

Designation Robot Arm
RAINBOW Motliil No. RB5-850E
ROBOTICS alNo.
Serial No. R585E-2201001
RAINBOW ROBOTICS Reach 927.7 mm
34122,1019, Exporo 33%eongi,  Weight 22kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL: 48242.719.8070 Max.Payload 5kg
FAX: +82.42.719.8071 Mngate 202201
Designation Robot Arm
RAINBOW Model No. RB5-850EA1
ROBOTICS Serial No. R585E-2201001
RAINBOW ROBOTICS \';\Zac: t 327‘(7 mm
34122, 1019, Expo-ro 339beon-gi, 19 g
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL: +82.42.719.8070 Max‘Payload 5 kg
FAX: +82.42.719.8071 Max. Pressure 10 bar
Mfg. Date 2022.01
Designation Robot Arm
RAINBOW Model No. RBS-850EA2
ROBOTICS Serial No. RS85E-2201001
RAINBOW ROBOTICS l‘;e:c: " 257'(7 mm
34122, 1019, Expo-r0 339beon-gi, 19 9
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL : +82.42.719.8070 Max.Payload S kg
FAX:482.42.719.8071 Max. Pressure 10bar
Mfg. Date 2022.01
Designation Robot Arm
RAINBow MO(E' No. RB5-850EN
ROBOTICS alNo.
Serial No. R585EN-2201001
RAINBOW ROBOTICS Reach 927.7 mm
34122,1019, Exporo 33%eongil,  Weight 22kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL +82.42.719.8070 Max.Paonad 5 kg
FAX: +82.42.719.8071 Mngate 202201
RB3-1200E Series
Designation Robot Arm
RAIN Bow Motliil No RB3-1200E
ROBOTICS alNo.
Serial No. R312E-2201001
RAINBOW ROBOTICS Reach 1200 mm
34122,1019, Exporo 33%eongil,  Weight 22.4kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL +82.42.719.8070 MaxPaonad 3 kg
FAX: +82.42.719.8071 Mngate 202201
Designation Robot Arm
RAINBOW Model No. RB3-1200EA1
ROBOTICS Serial No. R312E-2201001
RAINBOW ROBOTICS \';::c: : gffkmm
34122, 1019, Expo-ro 339beon-gi, 19 A XY
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL: +82.42.719.8070 Max‘Payload 3 kg
FAX: +82.42.719.8071 Max. Pressure 10 bar
Mfg. Date 2022.01
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Designation Robot Arm
RAINBOW Model No. RB3-1200EA2
ROBOTICS Serial No. R312E-2201001 S
RAINBOW ROBOTICS 3:;";“ ;g(iokmm
34122, 1019, Expo-ro 339beon-gil, 19 4Kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC EHE
. Max.Payload 3kg
TEL: +82.42.719.8070 1
FAX: +82.42.719.8071 Max. Pressure 10 bar EEE
Mfg. Date 2022.01
Designation Robot Arm
%IB’#JPI'?C"; Model No. RB3-1200EN s
Serial No. R312EN-2201001
RAINBOW ROBOTICS Reach 1200mm
34122, 10-19, Expo-ro 339beon-gil, Weigh( 24 kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC g' 5]
TEL +82.42.719.8070 Max.Payload 3kg é
FAX:+82.42.719.8071 Mfg.Date 202201 s
RB10-1300E Series
Designation Robot Arm
%IB’#JPI'?C"; Model No. RB10-1300E
Serial No. R1013E-2201001
RAINBOW ROBOTICS Reach 1300 mm
34122, 10-19, Expo-ro 339beon-gil, Weigh( 371 kg
Wswong-gu; Desjece Kored Supply Power 48VDC
TEL 2427190070 Max.Payload 10kg
FAX: +82.42.719.8071 Mfg.Date 202201
Designation Robot Arm
RAINBOW Model No. RB10-1300EAT
ROBOTICS Serial No. R1013€-2201001
RAINBOW ROBOTICS '\;::'dr‘n ;3()10kmm
34122, 1019, Expo-r0 339beon-gi, g -1Kg
Yuseong-gu, Daejeon, Korea Supp'y Power 48VDC
TEL : +82.42.719.8070 Max.Payload 10 kg
FAX: 48242 719.8071 Max. Pressure 10bar
Mfg. Date 2022.01
Designation Robot Arm
E RAINBOW Model No. RB10-1300EA2
ROBOTICS Serial No. R1013E-2201001
RAINBOW ROBOTICS 35;";‘ ;;ﬂokmm
34122, 1019, Expo-ro 339beon-gil, 19 t +1kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
X Max.Payload 10kg
TEL: +82.42.719.8070
FAX: +82.42.719.8071 Max. Pressure 10bar
Mfg. Date 2022.01
Designation Robot Arm
RAINBOW Model No. RB10-1300EA3
ROBOTICS serial No. R1013€-2201001
RAINBOW ROBOTICS x:‘: ;:7%010kmm
34122, 1019, Expoo 339beon-gil, ight AL,
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
it Max.Payload 10kg
L:+82.42.719.8070
FAX: 482427198074 Max. Pressure 10bar
Mfg. Date 2022.01
Designation Robot Arm
%IB'BPT?C"; Model No. RB10-1300EN
Serial No. R1013EN-2201001
RAINBOW ROBOTICS Reach 1300 mm
34122, 10-19, Expo-ro 339beon-gil, Weight 371 kg
Wesong-qu; Desjecn, Kores Supply Power 48VDC
TEL:.‘82.4Z.7|9,8070 MaX.Pawoad 10 kg
G el Mfg.Date 202201

RAINBOW
ROBOTICS
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RB16-900E Series

Designation Robot Arm
ssg#ﬁ.?cvé Model No. RB16-900E
Serial No. R169E-2201001
RAINBOW ROBOTICS Reach 900 mm
34122,1019, Expo-ro 339beongil,  Weight 32kg
Wswong-gu; Desjece Kored Supply Power 48VDC
TEL: +82.42.719.8070 MaxPayload 16 kg
FAX:+82.42.719.8071 Mfg.Date 202201
Designation Robot Arm
7] RAINBOW ModelNo.,  RETGS00EAT
ROBOTICS Serial No. R169E-2201001
RAINBOW ROBOTICS c::c: QO?(mm
34122, 10-19, Expo-ro 339beon-gil, 19 t 32 9
Yuseong-gu, Daejeon, Korea Supp'y Power 48VDC
TEL: +82.42.719.8070 m:::ayloadre : g tgl'
AR Mfg. Date 202201
Designation Robot Arm
RAINBOW Mod%l No. RB16-900EA2
ROBOTICS Serial No. R169E-2201001
RAINBOW ROBOTICS 3:;‘: 200mm
34122, 1019, Expo-ro 339beon-gil, 19 t 32 kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
- Max.Payload 16kg
FAX: +82.42.719.8071 M?gx";:f“re ;gzbzag‘l
Designation Robot Arm
ssg#ﬁ.?cvé Model No. RB16-900EN
Serial No. R169EN-2201001
RAINBOW ROBOTICS Reach 900 mm
34122,1019, Expo-ro 339beongil,  Weight 32kg
Yaeon0:0u; Desjeon: Kore Supply Power 48VDC
TEL: 482.42.719.8070 Max.Payload 16kg
FAX:+82.42.719.8071 Mfg.Date 202201
RB3-730ES Series
Designation Robot Arm
ssg#ﬁ.?cvé Model No. RB3-730ES
Serial No. R373ES-2201001
RAINBOW ROBOTICS Reach 730mm
34122, 10-19, Expo-ro 339beon-gil, Weigh[ 113 kg
Yaeon0:0u; Desjeon: Kore Supply Power 48VDC
TEL: 482.42.719.8070 Max.Payload 3kg
FAX:+82.42.719.8071 Mfg.Date 202201
Designation Robot Arm
RANBOW IR e
Serial No. R373ESN-2201001
RAINBOW ROBOTICS Reach 730 mm
34122,10-19, Exporo 339beongil,  Weight 11.3kg
Waeong.gu; Desjeon Kored Supply Power 48VDC
TEL: +82.42.719.8070 Max.Payload 3kg
FAX: +82.42.719.8071 Mfg.Date 2022-01
RB6-920ES Series
Designation Robot Arm
H ssg:ﬁ.locvé Model No. RB6-920ES
Serial No. R692ES-2301001
RAINBOW ROBOTICS Reach 920 mm
34122, 10-19, Expo-ro 339beon-gil, Weight 212 kg
Wiseona: Dacieon: orea Supply Power 48VDC
TEL:+82.42.719.8070 Max.Payload 6kg
FAX:+82.42.719.8071 Mfg‘D ate 202301

RAINBOW
ROBOTICS
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Designation Robot Arm
RAINBOW Model No. RB6-920ESA1
ROBOTICS Serial No. R692ES-2301001
RAINBOW ROBOTICS S:;mht gfozr:m
34122, 10-19, Expo-r0 339beon-gil, g <=4
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL: 48242.719.8070 Max.Payload 6kg
FAX: +82.42.719.8071 Max. Pressure 10bar
Mfg. Date 2023.01
Designation Robot Arm
%IB’BBHO& Model No. RB6-920ESN
Serial No. R692ESN-2301001
RAINBOW ROBOTICS Reach 920 mm
34122,1019, Exporo 339beongi,  Weight 21.2kg
Yirseon:u: Dacjeon korea Supply Power 48VDC
TEL:+82.42.719.8070 Maxpayload 6 kg
FAX: +8242.719.8071
Mfg.Date 202301
RB20-1900ES Series
Designation Robot Arm
%IB%%?CV; Model No. RB20-1900ES
Serial No. R2019ES-2404001
RAINBOW ROBOTICS Reach 1900 mm
34122,1019, Bxporo 339beongi,  Weight 76kg
Weeongou Dasjéon. Korwa Supply Power  48VDC
TEL: +8242.719.8070 Max.Payload 20kg
FAX: +8242.719.8071
Mfg.Date 202404
Designation Robot Arm
RAINBOW Model No. RB20-1900ESAT
ROBOTICS Serial No. R2019ES-2404001
RAINBOW ROBOTICS Reach 1900imm
34122, 1019, Expo-ro 339beongi,  WWeight 76kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
TEL: +82.42.719.8070 Max‘Palead 20 kg
FAX: +8242.719.8071 Max.Pressure 10 bar
Mfg.Date 202404
Designation Robot Arm
RAINBOW Model No. RB20-1900ESA2
ROBOTICS Serial No. R2019ES-2404001
RAINBOW ROBOTICS Reach 1900mm
34122, 1019, Expo-ro 339beongi,  WWeight 76kg
Yuseong-gu, Daejeon, Korea Supply Power 48VDC
T A Max.Payload 20kg
FAX: +82.42.719.8071 MaxPressure 10 bar
Mfg.Date 2024-04
Designation Robot Arm
RANBOW DS A
Serial No. R2019ESN-2404001
RAINBOW ROBOTICS Reach 1900 mm
34122,10-19, Expo-ro 339beongi,  Weight 76kg
Yuseong:gc. Desjeor, Korea Supply Power 48VDC
TEL: +8242.719.8070 Max.Payload 20kg
FAX: +8242.719.8071 Mg Date 202404

[Control Box]

RB5-850E Series, RB3-1200E Series: (CB04)

RAINBOW
ROBOTICS

RAINBOW ROBOTICS

34122, 10-19, Expo-ro 339beon-gil,
Yuseong-gu, Daejeon, Korea
TEL:+82.42.719.8070
FAX:+82.42.719.8071

e
Serial No.

No.
Mfg. Year &Month
Rated Power Supply
Rated Current
Rated Frequency
SCCR

Weight

Control Box
Cl

B04
C04-5-2101001
RB-ES-020
2021-01
Single phase 100-240 VAC
15A

50~60 Hz
25kA
17kg

cefe

s
ot
= ;

RAINBOW
ROBOTICS
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RB10-1300E Series: (CB05)

ignati Control Box
RAINBOW  Dodie” oS
ROBOTICS Serial No. €05-10-2101001
Drawing No. RB10-ES-020
RAINBOW ROBOTICS Mfg. Year &Month 2021-01
34122, 10-19, Expo-ro 339beon-gil,  Rated PowerSupply  Single phase 100-240 VAC
Yuseong-gu, Daejeon, Korea Rated Current 20A
TEL:+82.42.719.8070 Rated ﬁmm 50-60Hz
FAX: +82.42.719.8071 Lt 2oKA
I Weight 17kg
RB16-900E Series: (CB05)
ignati Control Box
RAINBOW Model No. CBOS
ROBOTICS Serial No. €05-16-2201001 KS
ing No. RB16-ES-020
RAINBOW ROBOTICS Mfg. Year &Month 202201
34122,10-19, Expo-ro 339beon-gil, Rated PowerSupply  Single phase 100-240 VAC
Yuseong-gu, Daejeon, Korea Rated Current 15A ErEE
TEL: +82.42.719.8070 Rated Frequency 50-60Hz 3
FAX: 482.42.719.8071 SCER 25kA EEE
AB2A2TIY Weight 149kg

RAINBOW
ROBOTICS

RB5-850E Series, RB3-1200E Series, RB10-1300E Series, RB16-900E Series, RB6-920ES Series: Stand
Control Box(CB06)

E RAINBOW
ROBOTICS
RAINBOW ROBOTICS
34122, 1019, Expo-ro 339beon-gil,

Yuseong-gu, Daejeon, Korea

TEL: +82.42.719.8070
FAX:+82.42.719.8071

Serial No.

DrawingNo.

Control Box

CB06

C06-5-2201001

RB-ES-021

202201

Single phase 100-240 VAC
15A

50~60 Hz

25kA

149kg

RB20-1900ES Series: Stand Control Box(CB06-1)

RAINBOW
ROBOTICS

RAINBOW ROBOTICS

34122, 10-19, Expo-ro 339beon-gil,
Yuseong-gu, Daejeon, Korea

TEL: +82.42.719.8070
FAX:+82.42.719.8071

Designation
Model No.
SerialNo.
Drawing No.

Mfg. Year & Month
Rated Power Supply
Rated Current
Rated Frequency
SCCR

Weight

Control Box

CBO6-1

C06-2404001

RB-ES-021

202404

Single phase 100-240 VAC
20A

50~60 Hz
25kA
149kg

RAINBOW
ROBOTICS

RAINBOW ROBOTICS

34122, 10-19, Expo-ro 339beon-gil,
Yuseong-gu, Daejeon, Korea

TEL: +82.42.719.8070

FAX: +82.42.719.8071

Control Box

CB07

C07-5-2201001
RB-ES-AC-021

202201

Single phase 100-240 VAC
15A

50~60 Hz
25kA
83kg
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RB10-1300E Series: DC Control Box(CB08)

RAINBOW
ROBOTICS

RAINBOW ROBOTICS

34122, 10-19, Expo-ro 33%eon-gil,
Yuseong-gu, Daejeon, Korea

TEL: +82.42.719.8070
FAX:+82.42.719.8071

ignation
ochinG
Serial No.
Drawing No.
Mfg. Year &Month
Rated Power Supply
Rated Current
Rated Frequency
SCCR
Weight

Control Box
C

B08
€08-DC-2301001
RB-ES-DC021
202301
48VDC
15A
N/A
25kA
83kg

RAINBOW
ROBOTICS
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APPENDIX|. MODBUS TCP SERVER

m  Warning

This manual describes the Modbus server (slave controller). See Section 6 for a description

of the Modbus client features.

1. Overview

RB's Modbus TCP server (slave controller) is fixed at port number 502. The IP address changes
depending on the network settings through the Ul. (The initial IP address is 10.0.2.7.).

RB's Modbus server allows the connection of multiple clients and executes the following operation

commands.

Function Code Function Name

2 Read Discrete Inputs
Bit 1 Read Coils
Address 5 Write Single Coill
15 Write Multiple Coils
4 Read Input Registers
16-bit . . .
3 Read Multiple Holding Registers
(Word) . . . .
6 Write Single Holding Register
Address
16 Write Multiple Holding Registers

2. Exception Code

The following error message is returned when accessing the wrong address, incorrect range of

values, or invalid command sent.

Exception Code Exception Name
1 lllegal Function
2 lllegal Data Address
3 lllegal Value
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3. Bit Address Map

Address

o

O 0 N ol WON =

Bit Address

Function

Box digital input 0
Box digital input 1
Box digital input 2
Box digital input 3
Box digital input 4
Box digital input 5
Box digital input 6
Box digital input 7
Box digital input 8
Box digital input 9
Box digital input 10
Box digital input 11
Box digital input 12
Box digital input 13
Box digital input 14
Box digital input 15
Box digital output 0
Box digital output 1
Box digital output 2
Box digital output 3
Box digital output 4
Box digital output 5
Box digital output 6
Box digital output 7
Box digital output 8
Box digital output 9
Box digital output 10
Box digital output 11
Box digital output 12
Box digital output 13
Box digital output 14
Box digital output 15
Tool digital input 0
Tool digital input 1
Tool digital output 0
Tool digital output 1

Read

[e]

O O O O O 0OO O O O O OO OO OO OO OO OO OO OO0 OO0 oo o o o o

Write

x

O O X X O O O O 0O 0O 0O O 0O OO0 0O 0O 0O 0 0O X X X X X X X X X X X X X X X

RAINBOW
ROBOTICS
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4. Word(16 bit) Address Map

Address

o

O 0 N o g b WN =

Function

Box digital input 0~15
Box digital output 0~15

Box analog input 0
Box analog input 1
Box analog input 2
Box analog input 3
Box analog output 0
Box analog output 1
Box analog output 2
Box analog output 3

Extend digital input 0~15
Extend digital output 0~15
Extend analog input 0
Extend analog input 1
Extend analog input 2
Extend analog input 3
Extend analog output 0
Extend analog output 1
Extend analog output 2
Extend analog output 3

Reserved (Box I/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Reserved (Box 1/0)
Tool output voltage

~ o~ A~ o~ o~ o~~~

Word Address
Read

(o]

O X X X X X X X X X X O 0O O 0000 OO0 00O OO0 O o o o o o

Tool digital input 0~1 (or

0~5)

Tool digital output 0~1

Tool analog input 0
Tool analog input 1
Reserved (Tool I/0)
Reserved (Tool I/0)

X X O O O

Write

x

O X X X X X X X X X X O O O 0 X X X X X X O 0 0O 0 X X X X o

x

X X X X O

RAINBOW
ROBOTICS

Comments

[BBBB BBBB BBBB BBBB]
[BBBB BBBB BBBB BBBB]
TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

[BBBB BBBB BBBB BBBB]
[BBBB BBBB BBBB BBBB]
TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

TmV unit

0,12,24
[TTEE EEXX XXXX XXXX]

[TTxx xxxX XXXX XXXX]
TmV unit
TmV unit
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37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53

54
55
56

57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

76

Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool I/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Reserved (Tool 1/0)
Is Robot Activated

Is Real-mode

Is Collision Detected

Is Robot arm power
engaged

Is Direct Teaching mode
Is Robot moving

Is Pause state

Is Teaching pendant is
connected

Is Program Run

Is No-Arc mode is on

Is EMG button released
Is First Program Run

Is Last Program Load Done
Control Box Amphere
Is Under Activation
Collision On/Off State
Collision Threshold
TCP Px

TCP Py

TCP Pz

TCP Rx

TCP Ry

TCP Rz

Mass m

Is System SOS

Is Home Is Begin

Control Box Heart Beat (0
or1)

A~ A~~~ A~ A~~~

O O O X X X X X X X X X X X X X

O O O O

O O O OO0 OO OO0 OO0 OO0 oo oo o

o

X X X X X X X X X X X X X X X X

x

X X X X X X X X X X X X X X X X X X X

x

RAINBOW
ROBOTICS

Oor1
Oor1
Oor1

Oor1

Oor1
Oor1
Oor1

Oor1

Oor1

Oor1

Oor1

Oor1

Oor1

0.02A unit

Oor1

Oor1

% unit

0.1mm unit / Signed
0.7mm unit / Signed
0.1Tmm unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.1kg unit / Signed
Arm SOS Flag

Oor1

0 or 1 (Every 1 second)
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77
78
79

80

81
82
83

84

85

86

87

88

89

90
91
92
93
94
95
96
97
98
99

100

101

102
103

104

105

106

107

Speed Bar Value

N/A

N/A

RB->MBUS Welder Weld
Start Cmd

RB->MBUS Welder Gas on
off

RB->MBUS Welder Inching
RB->MBUS Welder Re
Inching

RB->MBUS Welder Touch
Start Cmd

RB->MBUS Welder Control
parameter 1

RB->MBUS Welder Control
parameter 2

RB->MBUS Welder Control
parameter 3

RB->MBUS Welder Control
parameter 4

RB->MBUS Welder Control
parameter 5

Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Command: Start Program
Once

Command: Start Program
Repeat

Command: Pause Program
Command: Stop Program
Command: Resume from
pause

Command: Resume from
collision

Command: Load default
Program

Command: Robot Arm
activation

X X X X X X X X X X O

o

o

o

X X X X X X X X X X X

o

RAINBOW
ROBOTICS

% unit

Oor1

Oor1
Oor1
Oor1

Oor1

Rising Edge is command

Rising Edge is command

Rising Edge is command
Rising Edge is command

Rising Edge is command
Rising Edge is command
Rising Edge is command

Rising Edge is command
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108

109

110
111
112

113
114
115
116
117

118

119

120

121

122

123

124

125

126
127

128~255

256
257
258
259
260
261
262
263
264
265
266

Command: Change to Real-
mode
Command: Power off the
robot arm
Command: Load Program
Table
Command: Reset SOS Flag
Command: Speed Bar
Chage
N/A
N/A
N/A
N/A
N/A
MBUS Welder->RB Info Arc
ON
MBUS Welder->RB Welder
ERROR
MBUS Welder->RB Touch
Sensed
MBUS Welder->RB INFO
parameter 1
MBUS Welder->RB INFO
parameter 2
MBUS Welder->RB INFO
parameter 3
MBUS Welder->RB INFO
parameter 4
MBUS Welder->RB INFO
parameter 5
N/A
N/A
User General Purpose
Register (User can
read/write this area for
program) SD_MOD_USER_#
Joint reference 0
Joint reference 1
Joint reference 2
Joint reference 3
Joint reference 4
Joint reference 5
Joint angle 0
Joint angle 1
Joint angle 2
Joint angle 3
Joint angle 4

O O O o o o

o

O O O OO 0O 0O O O o o

O O O o o o

o

X X X X X X X X X X X

RAINBOW
ROBOTICS

Rising Edge is command

Rising Edge is command

#

% unit

Oor1
Oor1

Oor1

User Define Area

0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
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267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291

292

293

294

295

296

297

208

299

300

301

Joint angle 5

Joint current 0

Joint current 1

Joint current 2

Joint current 3

Joint current 4

Joint current 5

Joint information 0

Joint information 1

Joint information 2

Joint information 3

Joint information 4

Joint information 5

Joint temperature 0

Joint temperature 1

Joint temperature 2

Joint temperature 3

Joint temperature 4

Joint temperature 5

Joint 0 Estimated Current
Joint 1 Estimated Current
Joint 2 Estimated Current
Joint 3 Estimated Current
Joint 4 Estimated Current
Joint 5 Estimated Current
Joint 0 Gap(Esti.-Meas.)
Current

Joint 1 Gap(Esti.-Meas.)
Current

Joint 2 Gap(Esti.-Meas.)
Current

Joint 3 Gap(Esti.-Meas.)
Current

Joint 4 Gap(Esti.-Meas.)
Current

Joint 5 Gap(Esti.-Meas.)
Current

Joint 0 Gap(Esti.-Meas.)
Curr+LPF

Joint 1 Gap(Esti.-Meas.)
Curr+LPF

Joint 2 Gap(Esti.-Meas.)
Curr+LPF

Joint 3 Gap(Esti.-Meas.)
Curr+LPF

O O O OO OO OO0 OO0 OO0 OO0 OO0 OO0 Ooo o o o o

o

o

X X X X X X X X X X X X X X X X X X X X X X X X X

x

0.02deg unit / Signed

10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed

celcius unit
celcius unit
celcius unit
celcius unit
celcius unit
celcius unit
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed

10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed
10mA unit / Signed

10mA unit / Signed
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302

303

304
305
306

307

308

309

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340

Joint 4 Gap(Esti.-Meas.)
Curr+LPF

Joint 5 Gap(Esti.-Meas.)
Curr+LPF

External FT Sensor Data FX
External FT Sensor Data FY
External FT Sensor Data FZ
External FT Sensor Data
MX

External FT Sensor Data
MY

External FT Sensor Data
MZ

External Axis Reference 0
External Axis Reference 1
External Axis Reference 2
External Axis Reference 3
External Axis Reference 4
External Axis Reference 5
External Axis Encoder 0
External Axis Encoder 1
External Axis Encoder 2
External Axis Encoder 3
External Axis Encoder 4
External Axis Encoder 5
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
TCP reference X

TCP reference Y

TCP reference Z

TCP reference RX

TCP reference RY

TCP reference RZ

TCP position X

TCP position'Y

TCP position Z

TCP position RX

TCP position RY

~ o~ A~ A~ o~ o~

(]

(o]

O O O O O O O O O O 0O X X X X X X X X O 0O 00O 0o oo o o o o

x

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

10mA unit / Signed

10mA unit / Signed

0.02 unit / Signed
0.02 unit / Signed
0.02 unit / Signed

0.02 unit / Signed
0.02 unit / Signed

0.02 unit / Signed

0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed

0.1Tmm unit / Signed
0.1Tmm unit / Signed
0.1Tmm unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
0.1Tmm unit / Signed
0.1Tmm unit / Signed
0.1Tmm unit / Signed
0.02deg unit / Signed
0.02deg unit / Signed
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341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

375

376

377

378

379

TCP position RZ

TCP Speed X

TCP Speed Y

TCP Speed Z

TCP Speed Norm
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Reserved (Future System)
Motion Generator:
Parameter 0

Motion Generator:
Parameter 1

Motion Generator:
Parameter 2

Motion Generator:
Parameter 3

Motion Generator:
Parameter 4

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X O o o o o

(o]

o

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

o

o

0.02deg unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
0.5 unit / Signed
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380

381

382

383
384
385
386
387

388

389

Motion Generator:

Parameter 5

Motion Generator:

Parameter Speed

Motion Generator:

Parameter Accel.

Motion Generator:
Motion Generator:
Motion Generator:
Motion Generator:
Motion Generator:
Motion Generator:

Command

Motion Generator:

Report

Motion

Error

O O O 0o o o

o

EOT

O O O O o o

o
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APPENDIX J. SYSTEM UPDATE

m  Warning
It is recommended to back up the program files (wsl) inside the tablet Ul before the system

update.
1. Overview

Rainbow Robotics' system update is a two-step process.

Ul update through APK install > System software (control box) update

2. Backup Program file

Connect the tablet and personal/business PC and obtain the program file (wsl) from the path

below and back it up.

Tablet &> Android = data = com.rainbow.cobot = files &> work=> GET .wsl files

X It is recommended that you back up the acquired files before proceeding to the next step.

3. Ul Update

Rainbow Robotics' tablet Ul program is distributed in the form of APK.

This is the same installation file as a regular Android application. Therefore, Ul program is
updated by moving the installation APK file to the tablet and installing it.

X Rainbow Robotics recommends installing after deleting an existing application.

X When deleting an existing application, the program file (.wsl) is deleted together. Back up the

program file in step 1 and proceed with this process.

Copy the distributed APK file into Table > APK install
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4. Connection between Tablet PC and Control Box

Connect the tablet to the control box and access the Ul program. After connecting, connect the

control box communication with the tablet.
=1
—
Ul Home > Make > Click 'State' B2MEN pyutton > Connect

If the communication between the tablet and the control box is normal, the first box will be lit

blue. For safety reasons, it is recommended not to initialize the robot.

5. Go to and activate the system software update

Navigate to the system software update path as shown below.

Ul Home > Setup > System Tab

o Rt Ml

a

Tima Format

Dedmult Wark
Langpaage

Syt B 00 = JOO0
e [Ren e

Rt asvn ILED bt
Adhvanoed progrss run mads

B0 Mode

Saftaars Updite
Deduult Joinst- dog Spaed

Dt it Lot - o S

Extermad F /T Savmar

Hisgh Rl ftion: ADRC Mo<de
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In the "Software Update” section on the right, click the Activate checkbox.

Sottmars PLC ol st
LB Aokt Mol -0 Robrot Autc indakration

Tirne Format

Cormamared kan L angisgs

ik s il o (g o Pl

Sottware Update
Dad el doinl - Jog Speed

Do st Lirsas-Jog Spsad

[ vterrd Fo T i

Hisgh Rl A wn Al Mosde

Tl

Progeam Tabis

6. Progress System Software Update

The Update button will appear and click this button to open a popup window.

System wil be updated

Current system-software verson 20033102

New system-software verson 20062504
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Press "OK” button to update the software.

If the update is completed normally after clicking the OK button, the PC of the control box

(controller) will automatically restart within 5~15 seconds.

During the restart process, "Please Wait...” is displayed on the LCD of the control box. Is displayed

temporarily. This indicates that the control box is rebooting.

After the reboot is completed, “Normal Operation” is displayed on the LCD of the control box.

7. Check the Update

Reconnect the Ul tablet and control box.

Ul Home > Top Left

When you go back to the home screen of the Ul, the software version is displayed on the upper
left. In this context, "System Version" refers to the software version of the control box, while "Ul

Version" refers to the software version of the tablet PC.

RB Series
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APPENDIX K. ANDROID TABLET CONFIGURATION

Before using the Ul program, the following tablet settings are required.

1. Goto Setting section of the Android.
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2. Goto "About Tablet” > “Software Information”.

Settings Q e

R N S E—

r_.-‘-"!--'--_-——------—

Wormation I
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3. Multi-click (7 or more times) “Build Number” of tablet information.

ol -] LR T

¢ Software information
One Ul version
Android version
Baseband version

Kernel version

————————— ———
Build numbser

SE for Android status
Knox version

Service provider SW ver

4. A menu called "Developer Options" will appear under "About Tablet" as shown

below.

Settings Q e
5 Device care
+  Apps

General management

Accessibilmy

o] Software update

User manual
— o b e e e e e o - - \
Developer options I

M--------’--i
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5. Activate "USB Debugging" in "Developer Options".

s R T
< Developer options Q
Auto update system ©
Demo mode
Night mode

Quick settings developer tiles

_m_—-——_—-——-——-—\

‘_L_ﬁ_nghms___________J

Bug report shortcut

I USB debugging «©
|

Select mock location app

n o <

6. Run the APK distributed by Rainbow Robotics to install the Ul program on your
tablet.
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APPENDIX L. BRAKE SYSTEM

The configuration of the Brake System on each axis of the robot arm consists of a support frame,

solenoid, brake ring, brake shaft, brake spring and brake wing, which are installed on the robot

joint as shown below.

" Brake axle
Cross brake ring )
(mounted on driving axle) Brake spring
Brake wing

[Robot joints] [Brake System]

If the solenoid is on, the physical interference between the turning radius of the brake ring and the
brake wing is released, and if the solenoid is off, the physical interference between the end of the

brake ring and the brake wing occurs, which stops the rotation of the driveshaft.

When the brake ring rotates and pushes through the brake wing, the wing returns to the spring
force, and then a bi-directional brake occurs through physical interference, keeping both bi-

directional rotations of the driveshaft stationary.
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