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Legal and Disclaimer

Copyright

Copyright © 2024 Shenzhen Inovance Technology Co., Ltd. All rights reserved

This documentation is the exclusive property of Shenzhen Inovance Technology Co., Ltd. No individual or
entity may excerpt, reproduce, modify, translate, or distribute any content herein without written consent

from Inovance.

Legal action will be taken against infringement.
Trademarks

INOV.\N CE is a registered trademark of Shenzhen Inovance Technology Co., Ltd. and its
affiliates. All other trademarks or registered trademarks mentioned in this documentation are the property of

their respective owners. Unauthorized use of these trademarks by third parties for any purpose without

written authorization could violate the rights of their owners.

Disclaimer of Liability

Due to continuous updates and improvements of products and technologies, the content of this
documentation may not fully match the actual products. In the event of any discrepancies, the actual

products shall prevail.

The contents are subject to change without notice due to product upgrade.

Waste Disposal

The storage, use, and disposal of this product (including optional accessories) must comply with local laws

and requlations.

Qualified Personnel

The product/system described in this documentation may be operated only by personnel qualified for the
specific task in accordance with the relevant documentation, in particular its warning notices and safety
instructions. Qualified personnel can identify the risks of the product/system and prevent possible dangers.

Proper Use of the Product

Proper transportation, storage, assembly, installation, commissioning, operation, and maintenance are
required to ensure the safe operation of the product without any problems. The required ambient conditions
must be met. All operations must follow the guidelines provided in this documentation.



Preface

Introduction

This guide describes the safety functions of the IRCB501 series robot controllers. The robot controller realizes
extended safety functions through safety parameter configuration and external terminal wiring. The safety
functions protect the operator from dangerous moving parts of the machine, reducing the risks and
improving the safety of the machine. This guide is applicable to all robot models matching with IRCB501 and
IRCB501 high-protection robot controllers. The extended safety functions are implemented by the controller
with an optional functional safety expansion card.

This guide provides product safety information, installation instructions on functional safety expansion
cards, commissioning and maintenance of safety parameters. Read this guide carefully before using the

robot.
More Data
Data name Data code Description
This guide describes general specifications,
IRCB501-INT Series Robot Controller User installation and wiring, common fault
Guide 19013032 diagnosis and solutions, and maintenance
of the product.
This guide describes general specifications,
IRCB501-INT High-Protection Series Robot installation and wiring, common fault
Controller User Guide 19012937 diagnosis and solutions, and maintenance
of the product.
This guide describes the general
IRCB501-EM Series Robot Controller User 19012996 specifications, installation and wiring,
Guide common fault diagnosis and solutions, and
maintenance of the product.
This guide describes the general
IRCB501-EM High-Protection Series Robot 19012997 specifications, installation and wiring,
Controller User Guide common fault diagnosis and solutions, and

maintenance of the product.

This guide provides product safety

) . information, installation instructions on
Robot Functional Safety Expansion Card ) ]
19012414 functional safety expansion cards,

User Guide
commissioning and maintenance of safety
parameters.
This guide provides product safety
INT Version Small and Medium Payload information, installation instructions on
Industrial Robots Functional Safety Guide 19013000 functional safety expansion cards,
(this guide) commissioning and maintenance of safety

parameters.




Revision History

Revision date

Version

Revision

2026-08

19013000_A00

Finished the guide migration and updated the data code to
19013000.

Updated the List of Safety Functions section.

Updated the Safety Standards and Specifications section.

Update the SAFETY Interface Wiring section, including

introduction updates for standard models and EM series
models.

Updated the Safety I/0 section.

Updated the Safety Function Troubleshooting section.

2025-11

PS00016974_A04

Updated the "External safety door control (relay output)" in the
Wiring Procedure and Topology Diagram section, changing the

relay switch to normally closed.

Updated the wiring diagram in the Wiring Procedure and

Topology Diagram section, changing the relay switch to

normally closed.

Made minor corrections.

2025-08

PS00016974_A03

Updated "high resistance (High-Z)" to "low level (Lowlevel)" in
List of Safety Functions and Safety Standards and
Specifications sections.

Updated the safety state "Brake action" for SF15 to "Category 1
stop" in Safety Standards and Specifications section.

Updated the topology and wiring diagram for the external
emergency stop, safety door, and start confirmation functions
in Wiring Procedure and Topology Diagram section.

Updated the topology and wiring diagram for the SAFETY
interface/safety DI in Wiring Procedure and Topology Diagram

section.

Updated the topology and wiring diagram for the SAFETY
interface/safety DO in Wiring Procedure and Topology

Diagram section.




Revision date Version Revision

Update

e Updated the List of Safety Functions section.

e Updated the Wiring and Installation section.

e Updated the timing diagrams in the sections from Joint
Position Monitoring to Safety Low Speed Monitoring.

o Update the wiring in the Safety Tool Mode Settings section.

Diagram update

202>-02 P200016974_A02 e Updated the Configuring Safety Tool section.
e Updated the chapter title for InoTeachPad teach pendant
operation steps.
e Updated the Safety Function Troubleshooting section.
Added:
o Added the Terminal Assignment section.
o Added the Configuration on InoRobotTP section.
2024-08 PS00016974_A01 | Minor error corrections.
2024-06 PS00016974_A00 |Initial release.

Access to the Guide

This guide is not delivered with the product. You can obtain the PDF version in the following ways:

e Visit https://www.inovance.com/global, and choose Service&Support > Support > Documentation
Download.

e Scanthe QR code on the product with your smart phone.

e Scan the QR code below to install the My Inovance app, where you can search for and download guides.

Warranty Disclaimer

Inovance provides warranty service within the warranty period (as specified in your order) for any fault or
damage that is caused by proper operation of the user. Maintenance will be charged after the warranty

period expires.

Within the warranty period, maintenance fee will be charged for the following damage:
« Damage caused by operations not following the instructions in the guide

« Damage caused by fire, flood, or unusual voltage

o Damage caused by unintended use of the product


http://www.inovance.com

« Damage caused by use beyond the specified scope of application of the product

« Damage or secondary damage caused by force majeure (such as natural disaster, earthquake, and

lightning strike)

The maintenance is charged according to the latest Price List of Inovance. If otherwise agreed upon, the

terms and conditions in the agreement shall prevail.

For details, see Product Warranty Card.



Basic Safety Instructions

Safety Precautions

Safety Disclaimer

This chapter presents essential safety instructions for a proper use of the equipment. Before operating the
equipment, read through the guide and comprehend all the safety instructions. Failure to observe the

safety instructions may result in death, severe personal injuries, or equipment damage.

"DANGER", "WARNING", and "CAUTION" items in this guide do not indicate all safety precautions that need
to be followed; instead, they just supplement the safety precautions.

Use this product according to designated environment requirements. Damage caused by improper use is
not covered by warranty.

This product is a standard industrial robot intended for general civil applications. It has not been certified
under national safety standards for the specialized handling of high-energy explosives. The electrical
system does not meet the nominal requirements stipulated by regulations applicable to high-energy
explosives, and the robot is not designed with any functionality for explosive handling. Use in any
operations involving explosives is strictly prohibited.

This product is designed for conventional industrial environments and is not radiation-hardened. In
environments where the ionizing radiation dose exceeding 5 x 10* Gy (Si), its performance may degrade
significantly or fail completely. Operation under such conditions is strictly prohibited.

Inovance shall take no responsibility for any personal injuries or property damage caused by improper
usage.

Safety Levels and Definitions

A DANGER

even death.

AWARNING

even death.

A CAUTION

injuries or equipment damage.

Indicates that failure to comply with the notice will result in severe personal injuries or

Indicates that failure to comply with the notice may result in severe personal injuries or

Indicates that failure to comply with the notice may result in minor or moderate personal

Safety Instructions

Drawings in the guide are sometimes shown without covers or protective guards. Remember to install the
covers or protective guards as specified first, and then perform operations in accordance with the

instructions.

The drawings in the guide are shown for illustration only and may be different from the product you
purchased.

Operators must take mechanical precautions to protect personal safety and wear protective equipment,
such as safety shoes, safety clothing, safety glasses, protective gloves, and protective sleeves.



Unpacking

&WARNING

e Do notinstall the product when you find that the product and its accessories have any damage or
corrosion or they have been used.

e Do notinstall the equipment if you find water seepage or missing or damaged components upon
unpacking.

e Do notinstall the equipment if you find the packing list does not conform to the equipment you

received.

A CAUTION

Before unpacking, check whether the outer package is intact, damaged, wet, damped, or deformed.

e Unpack the package in the correct layered sequence. Do not strike the package violently.

e Check whether there is damage, rust, or injuries on the surface of the equipment and equipment
accessories before unpacking.

e Check whether the package contents are consistent with the packing list before unpacking.

Storage and Transportation

AWARNING

e Large-scale or heavy equipment must be handled by qualified professionals using specialized hoisting
equipment. Failure to comply may result in personal injuries or equipment damage.

o Before hoisting the equipment, ensure that components such as the front cover and terminal blocks are
secured firmly with screws. Loosely-connected components may fall off and result in personal injuries or
equipment damage.

o Never stand or stay below the equipment when the equipment is being hoisted by the hoisting
equipment.

¢ When hoisting the equipment with a steel rope, ensure the equipment is hoisted at a constant speed
without suffering from vibration or shock. Do not turn the equipment over or let the equipment stay
hanging in the air. Failure to comply may result in personal injuries or equipment damage.




A CAUTION

e Handle the product with care and mind your steps to prevent personal injuries or product damage.

e When carrying the equipment with bare hands, hold the equipment casing firmly with care to prevent
parts from falling. Failure to comply may result in personal injuries.

e Store and transport the equipment based on the storage and transportation requirements. Failure to
comply will result in equipment damage.

e Avoid storage and transportation in environments with water splash, rain, direct sunlight, strong electric
field, strong magnetic field, and strong vibration.

¢ Avoid storing the product for more than 3 months. When the product needs to be stored for an extended

period, take more strict protection and necessary inspection.

e Package the product strictly before transporting it, and use an enclosed container for long-distance
transportation.

¢ Never transport the equipment with other equipment or materials that may harm or have negative
impacts on this equipment.

Installation

A DANGER

e The equipment can only be operated by professionals with electrical knowledge. Non-professionals are
not allowed to operate the equipment.




&WARNING

e Read through the guide and safety precautions before installation.
« Do notinstall the equipment in places with strong electric or magnetic fields.

o Before installation, check that the mechanical strength of the installation site can bear the weight of the

equipment. Failure to comply will result in mechanical hazards.

e Do not wear loose clothes or accessories during installation. Failure to comply may result in an electric
shock.

e When installing the equipment in a closed environment (such as a cabinet or casing), use a cooling
device (such as a fan or air conditioner) to cool the environment down to the required temperature.
Failure to comply may result in equipment over-temperature or a fire.

e Do not retrofit the equipment.
« Do not fiddle with the bolts used to fix equipment components or the bolts marked in yellow.

« When the equipment (such as controller) is installed in a cabinet or final assembly, a fireproof enclosure
providing both electrical and mechanical protections must be provided. The IP rating must meet IEC
standards and local laws and regulations.

« Before installing devices with strong electromagnetic interference, such as a transformer, install a

shielding device for the equipment to prevent malfunction.

¢ Install the product on an incombustible object such as metal and do not touch or attach the product to

combustibles. Failure to comply can result in fire accident.

A CAUTION

e Cover the top of the equipment (such as controller) with a piece of cloth or paper during installation.
This is to prevent unwanted objects such as metal chippings, oil, and water from falling into the
equipment and causing faults. After installation, remove the cloth or paper on top of the equipment to
prevent over-temperature caused by poor ventilation due to blocked ventilation holes.

Wiring

& DANGER

e Equipmentinstallation, wiring, maintenance, inspection, or component replacement must be performed

only by professionals.

e Before wiring, disconnect the power supplies of all equipment. Wait for at least the time designated on
the equipment warning label before further operations because residual voltage still exists after power-
off. Measure the direct voltage of the main circuit and ensure that the voltage is within the safety range.

Failure to comply can result in an electric shock.

e Do not perform wiring, remove the equipment cover, or touch the circuit board with power ON. Failure to
comply can result in an electric shock.

e Check that the equipment is grounded properly. Failure to comply can result in an electric shock.




&WARNING

e Do not connect the input power supply to the output side of the equipment. Failure to comply can result

in equipment damage or even a fire.

e When connecting a drive to a motor, check that the phase sequences of the drive and motor terminals
are consistent to prevent reverse motor rotation.

e Cables used for wiring must meet cross sectional area and shielding requirements. The shield of the
cable must be reliably grounded at one end.

o Tighten the terminal screws with the tightening torque specified in the user guide. Improper tightening

torgue may result in overheat, damage to the connecting parts, or a fire.

o After wiring is done, check that all cables are connected properly and no screws, washers or exposed
cables are left inside the equipment. Failure to comply may result in electric shock or equipment

damage.

& CAUTION

e Follow the electrostatic discharge (ESD) procedure and wear an anti-static wrist strap to perform wiring.
Failure to comply may result in damage to the equipment or to the internal circuit.

e Use shielded twisted pairs for the control circuit. Connect the shield to the grounding terminal of the

equipment for grounding purpose. Failure to comply can result in equipment malfunction.

Power-0On

& DANGER

o Before power-on, check that the equipment is installed properly with reliable wiring and the motor can

be restarted.

e Check that the power supply meets equipment requirements before power-on to prevent equipment

damage or afire.

e After power-on, do not open the cabinet door or protective cover of the equipment, touch any terminal,
or disassemble any unit or component of the equipment. Failure to comply will result in electric shocks.

AWARNING

e After the completion of wiring and parameter setting, perform a robot test run to confirm that the robot
can operate safely. Failure to comply may result in personal injuries or equipment damage.

o Before power-on, check that the rated voltage of the equipment is consistent with that of the power

supply. Failure to comply may result in fire accident.

o Before power-on, check that no one is near the equipment, motor, or machine. Failure to comply may

result in death or personal injuries.

Operation




& DANGER

e The equipment must be operated only by professionals. Failure to comply can result in death or
personal injuries.

« Do not touch any connecting terminals or disassemble any unit or component of the equipment during
operation. Failure to comply can result in an electric shock.

AWARNING

« Do nottouch the equipment enclosure, fan, or resistor with bare hands. Failure to comply may result in
burns.

e Prevent metal or other objects from falling into the equipment during operation. Failure to comply may
result in a fire or equipment damage.

e The robot generates noise during operation. Be sure to wear hearing protection such as ear muffs or
earplugs to prevent hearing damage.

Maintenance

A DANGER

e Equipmentinstallation, wiring, maintenance, inspection, or component replacement must be performed

only by professionals.
¢ Do not maintain the equipment with power ON. Failure to comply can result in an electric shock.

« Before maintenance, cut off all the power supplies of the equipment and wait for at least the time
designated on the equipment warning label.

¢« When a permanent magnet motor is used, do not touch the motor terminals immediately after power-
off because the motor terminals can generate induced voltage during rotation even after the equipment
is powered off. Failure to comply can result in an electric shock.

&WARNING

e Perform routine and regular inspection and maintenance on the equipment in accordance with
maintenance requirements and keep a record.

Repair

A DANGER

e Equipment installation, wiring, maintenance, inspection, or component replacement must be performed
only by professionals.

e Do not maintain the equipment with power ON. Failure to comply can result in an electric shock.

« Before inspection and repair, cut off all the power supplies of the equipment and wait for at least the
time designated on the equipment warning label.




&WARNING

e Submit a request for repair services in accordance with the product warranty agreement.

e When the fuse is blown or the circuit breaker or earth leakage circuit breaker (ELCB) trips, wait for at
least the time designated on the equipment warning label before power-on or further operations.
Failure to comply may result in death, personal injuries or equipment damage.

e Troubleshooting and repair must be performed by professionals in accordance with the repair
instructions, with repair records kept properly.

e Replace quick-wear parts of the equipment in accordance with the replacement instructions.

e Do not operate on damaged equipment. Failure to comply may result in death, personal injuries, or
severe equipment damage.

o After the equipment is replaced, check the wiring and set parameters again.

Disposal

AWARNING

e Dispose of retired equipment in accordance with local regulations and standards. Failure to comply may
result in death, personal injuries, or property damage.

e Recycle retired equipment in accordance with industry waste disposal standards to avoid environmental
pollution.

Safety Label

For safe equipment operation and maintenance, comply with the safety labels on the equipment. Do not
damage or remove the safety labels. See the following table for descriptions of the safety labels.

Safety Label Description

« Read through the safety instructions before operating the equipment. Failure to
A @ comply may result in equipment damage, physical injuries, or even death.

Do not touch the terminals or remove the cover with power ON or within 10 min

2
& A 10min after power-off. Failure to comply can result in an electric shock.




Industrial Information Security

The product provides an interface to connect to the network and transmits data through the network
interface. To protect factories, systems, machines, and networks from cyber attacks and ensure safe
operation, a proper industrial information security protection mechanism must be implemented.

The customer is responsible for providing and continuously ensuring a secure connection between the
product and the customer network or any other network to prevent unauthorized access to its factories,
systems, machines, and networks. The system or machine can be connected to the corporate network or the
Internet only when secure connections are ensured and appropriate security measures are taken (for
example, anti-virus software or firewall installed).

Inovance continuously develops and improves products and solutions to improve safety. It is strongly
recommended that you update the product promptly and always use the latest version.

& CAUTION

Malware (such as viruses, Trojans, and worms) can put the product in an unsafe running state, which may
result in death, serious injuries, and property damage. Observe the following precautions:

o Always use the latest software version. If the product version is no longer supported or the latest version
is not used, customers will be exposed to increased risk of cyber attacks.

o Take appropriate protection measures (including but not limited to installing anti-virus software,
firewall, WAF, IPS/IDS, and situation awareness system, and applying authentication, data encryption) to
prevent files in mobile storage devices from being damaged by malware, and to prevent products,
networks, systems, and interfaces from unauthorized access, interference, intrusion, data leakage, or
information breach.

e Check all safety-related interfaces and settings after commissioning.
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Safety Overview

List of Safety Functions

Mark
SFID

Safety Function

Classification

Description

SF1

Emergency Stop

Emergency Stop

Triggered by the emergency stop switch on
the control cabinet or the teach pendant.
Once triggered, the power to the motor is cut
off and the brake is applied.

SF2

Additional
Emergency Stop

Emergency Stop

Triggered by external emergency stop signal
triggering device connected to safety 10 in
the control cabinet. Once triggered, execute
Cat.0 stop and the brake is applied.

SF3

Emergency Stop
Switch Status
Output

Status Output

Safety Relay output, Emergency Stop Switch
Status Output function, Used to feedback the
status of the emergency stop triggered by the
teach pendant or control cabinet emergency
stop switch.

When the teach pendant or control cabinet
emergency stop switch is not pressed , Safety
RO output closed.

When the teach pendant or control cabinet
emergency stop switch is pressed , Safety RO
output open.

SF4

Protective Stop

Protective Stop

Triggered by a protective stop signal from the
robot controller. Once triggered, the power to
the motor is cut off and the brake is applied.

SF5

External

Emergence Stop

Emergency Stop

Safety DI, configurable for emergency stop
function.

Can be configured to Category 0 or 1 stop.

SF6

External

Protective Stop

Protective Stop

Safety DI, configurable for external protective
stop function.

Can be configured to Category 0 or 1 stop.

SFO7

Emergency Stop
Status Output

Status Output

Safety DO, configurable for teach pendant/
control cabinet emergency stop status
function. Used to feedback emergency stop
triggered by the teach pendant or control
cabinet emergency stop switch. Outputs Low
Level when the teach pendant or control
cabinet emergency stop switch is pressed,
and High level when the teach pendant or
control cabinet emergency stop switch is not
pressed.
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Mark
SF ID

Safety Function

Classification

Description

SF08

Additional
emergency stop
Status Output

Status Output

Safety DO, configurable for the status of
external emergency stop signal connected to
safety 10 in the control cabinet .Used to
feedback the status of external emergency
stop signal triggering device connected to
safety 10 in the control cabinet. When the
external emergency stop signal DI of the
control cabinet safety |0 input is at low level
or floating (additional external emergency
stop device triggered) inputs Low level or
Floating, safety DO outputs Low Level; When
the external emergency stop signal DI of the
control cabinet safety |0 input is at low level
or floating (additional external emergency
stop device triggered) inputs High level ,
safety DO outputs High level ;

SF09

System
Emergency Stop
Status Output

Status Output

Safety DO, configurable for system
emergency stop status function.Used to
feedback emergency stop triggered by the
teach pendant or control cabinet emergency
stop switch, external emergency stop devices
or external protective stop devices. Outputs
Low Level when the teach pendant or control
cabinet emergency stop DI, the external
emergency stop DI or the external protective
stop DI inputs Low level or Floating, and High
level when the teach pendant or control
cabinet emergency stop DI, the external
emergency stop DI or the external protective
stop Dl inputs High level.

SF10

Robot Moving
Status Output

Status Output

Safety DO, configurable for robot moving
status function. Outputs Low Level when the
robot is moving, and High level when the
robot is not moving.

SF11

Robot Stopped
Status Output

Status Output

Safety DO, configurable for robot stopped
status function. Outputs Low Level when the
robot is stopped, and High level when the
robot is not stopped.

SF12

Safety Status
Output

Status Output

Safety DO, configurable for safety status
function. If the status of any safety function is
abnormal, the safety status will be abnormal.
Outputs Low Level when the safety status is
abnormal, and High level when the safety

status is normal.
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Mark
SF ID Safety Function Classification Description

Monitors the TCP speed when the robot
operates in the manual mode. If it exceeds
250 mm/s, a Category 0 or 1 stop will be
Safety Manual ) ) ) .
SF13 Mod Safety Operation Control |triggered and the corresponding DO will be
ode
activated. You can configure the stop
category and the way the function takes

effect.

Monitors whether the position of each joint is
within the set safe range. If it exceeds the
. . safe range, a Category 0 or 1 stop will be
Joint Position ) ] ] )
SF14 Monit Safety Operation Control |triggered and the corresponding DO will be
onitor
activated. You can configure the stop
category and the way the function takes

effect.

Monitors whether the speed of each joint is
within the set safe range. If it exceeds the
) safe range, a Category 0 or 1 stop will be
Joint Speed . . . .
SF15 Monit Safety Operation Control |triggered and the corresponding DO will be
onitor
activated. You can configure the stop
category and the way the function takes

effect.

Monitors whether the TCP position is within
the set safe area. If it exceeds the safe range,
TCP Position ) a Category 0 or 1 stop will be triggered and
SF16 ) Safety Operation Control ) ] ]
Monitor the corresponding DO will be activated. You
can select the safety tool and configure the

safety envelope.

Monitors whether the TCP speed is within the
set safe speed limit. If it exceeds the safe

TCP Speed range, a Category 0 or 1 stop will be triggered
SF17 .p Safety Operation Control d 9o ) p' ) 99
Monitor and the corresponding DO will be activated.
You can configure the stop category and the

way the function takes effect.

This switch is provided on the teach pendant.
When continuously held in a centre-enabled
(ON) position, the robot shall be allowed to
3-Position ) move. When in either the released or

SF18 ) ) Safety Operation Control .
Enabling Function compressed (OFF) position, the robot stops,
and the brake is applied. The switch is not
configurable. Safety parameters cannot be

configured.
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(i) NOTE

« The implementation of the above safety functions requires reference to the 3 Wiring and Installation, 4

Safety Functions, and 5 Commissioning and Operation sections.

¢ The safety functions of SF02, SF03, and SF08 are only available on the controller models IRCB501-6KD-
EM-INT and IRCB501-6ND-EM-INT.

Safety functions characteristics

¢ The extended safety functions are implemented by a specific controller with a safety expansion card.

When the controller model does not match or no safety expansion card is available, the safety functions

are disabled.

o All safety functions meet the PLd/Cat 3 certification.

1.2 Terms and Abbreviations

Term/Abbreviation Description
Cat. Category of safety components in the control system, including B, 1, 2, 3,
and 4

DCavg Average diagnostic coverage (%)
DTI Diagnostic test interval time
SFF Safe failure fraction

PFHd Probability of a dangerous failure per Hour
PL Performance level
SC Systematic capability
SIL Safety integrity level
T1 Test interval
DI Digital input
DO Digital output

MTTFd Mean time to dangerous failure
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1.3 Safety Standards and Specifications

Safety standards

RoHS Directive (ROHS)

Instruction Standards compliance
Machinery Directive (MD) 2006/42/EC
Low Voltage Directive (LVD) 2014/35/EU
Electromagnetic Compatibility
o 2014/30/EU
Directive (EMC)
2011/65/EU

Amended by (EU)2015/863

Applicable Harmonized Standards |«

« EN60204-1:2018

e ENISO 10218-1:2011

« ENISO 12100:2010

EN 61000-6-2:2019

« EN61000-6-4:2019

e 1S0O 13849-1:2023

« ENISO 13849-1:2015

Safety parameter

ISO 13849-1 Safety parameter
PL d
DC Medium
Category 3
MTTFd High
PFHd <0.2x 10°® (max. 20% of SIL2)
) PFHd (6-axis PFHd (SCARA
Mark Safety function Safety state
robot) robot)
SF1 Emergency Stop Category 0 Stop 119x 1077 8.84x 108
SF2 Additional Emergency Stop | Category 0 Stop 4.29%x 1078 4.29x 1078
Emergency Stop Switch 8 8
SF3 RO Output Open 4.29x10° 4.29x10°
Status Output
SF4 Protective Stop Category 0 Stop 4.29x 1078 4.29x 1078

The following are the functions that use with a safety card
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) PFHd (6-axis PFHd (SCARA
Mark Safety function Safety state
robot) robot)
SF5 Category 0/1 Stop for
External Emergency Stop . . 4.94x 1078 4.29x 1078
user configuration
. Category 0/1 Stop for
SF6 External Protective Stop , , 4.94x10°8 4.29x1078
user configuration
Emergency Sto
SF7 gency >top DO Outputs Low level  |5.79x 1078 5.79x 1078
Status Output
Additional Emergency Stop 8 8
SF8 DO Outputs Low Level 4.29x10° 4.29 x10°
Status Output
System Emergency 8 8
SF9 DO Outputs Low level 4.29 x10° 4.29 x10°
Stop Status Output
SF10 Robot Moving Status Output | DO Outputs Low Level |1.03x 1077 5.79x 1078
SF11 Robot Stop Status Output DO Outputs Low Level |1.03x 1077 5.79x 1078
SF12 Safety Status Output DO Outputs Low level  [4.29x 1078 4.29x 1078
Category 0/1 Stop for - -
SF13 Safe Manual Mode ) ) 1.78 x 10° 1.03 x10°
user configuration
. . ) Category 0/1 Stop for 8 8
SF14 Joint Position Monitor . . 5.79x10° 4.29 x10°
user configuration
. . Category 0/1 Stop for 8 8
SF15 Joint Speed Monitor . . 5.79x10° 4.29x10°
user configuration
. ) Category 0/1 Stop for - -
SF16 TCP Position Monitor . ) 1.78 x10° 1.03x10°
user configuration
) Category 0/1 Stop for . .
SF17 TCP Speed Monitor . . 1.78 x10° 1.03x10°
user configuration
SF18 3-Position Enabling 8 8
) Category 1 Stop 4.29x10° 4.29x10°
Function
(i) NOTE
o The SISTEMA Library file corresponding to the robot safety functions will be released on the Inovance
official website. If needed, visit the Inovance official website to download them. If the safety parameters
in the SISTEMA Library file are inconsistent with those in this guide, contact Inovance Technology to
report the issue and obtain the latest version of the SISTEMA Library.
e The safety functions of SF02, SF03, and SF08 are only available on the controller models IRCB501-6KD-
EM-INT and IRCB501-6ND-EM-INT.
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1.4 Precaution

Safety Instructions

The chapter contains the warning symbols used in this guide and the safety instructions which you must

obey when you install or connect a safety option module to the robot system. Failure to comply with the

safety instructions may lead to injury, death or damage. Read through this chapter before installation.

Any illustrations, photographs, or examples used in this manual are provided as examples only and may not

apply to all products to which this manual is applicable.

The products and specifications described in this manual or the content and presentation of the manual may

be changed without notice to improve the product and/or the manual.

Color Indication Description Consequence of negligence
Ignoring the warning can result in
Example: DANGER Critical risk severe physical injury or even
A death.
DANGER ] ]
Ignoring the warning may result
WARNINGS General risk in severe physical injury or even
Hazardous death.
voltage
: Ignoring the warning may result
Electric shock CAUTION Minor risk gnering fhe warning may
in minor physical injury.
) Ignoring the warning may result
~ Damage to equipment | ]
S STOP in damage to equipment or

or environment

environment.

& CAUTION

information.

e High attention is required for electrical installation and at the system design to avoid hazards either in

normal operation or in the event of equipment malfunction.

e System design, installation, commissioning and maintenance must be carried out by personnel who
have the necessary training and experience. They must read the operating instruction and this safety

It is the responsibility of the machine builder/OEM/system integrator to make sure that the stipulations

specified in the Machinery Directive are met. Risk analysis and risk assessment is needed before using a

product. Make sure that adequate measures are taken to eliminate/reduce the relating risks and

components chosen must meet the safety requirements.

This section describes the information that is required before starting operation.

e Read the following safety precautions, risk assessment information, and limitations before starting

operation.

e Use of the safety function: Use the safety function after properly understanding all of these information.
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(i) NOTE

Incorrect use of safety functions or use of safety functions that are not sufficient to meet the safety
requirements of the site may result in personal injury.

Safety Measures

Carefully read and observe the following important precautions when using safety functions:

An E-stop is often provided in a machine to allow for unexpected situations where an operator sees a
hazard and can take action to prevent an accident.

The design requirement for an E-stop differs from that of a safety interlock. The emergency stop function
is typically required to operate independently of any complex or intelligent control systems, relying
instead on dedicated electromechanical devices. It may either disconnect the power or initiate a rapid
stop using other means such as dynamic or regenerative braking.

(i) NOTE

The design of safety-related systems requires specialist knowledge. To ensure that a complete control
system is safe, it is necessary for the whole system to be designed according to recognized safety
principles. An individual subsystem with the STO function is intentionally designed for safety-related
applications. However, it cannot ensure the safety of the entire system.

The STO function can be used to stop the drive in emergency stop situations.

This publication is a guide to the application of safety function, and also on the design of safety-related
systems for machinery control.

It is the responsibility of designer of the end product or application to ensure that it is safe and in
compliance with the relevant regulations.

Risk Assessment

When using the safety functions, perform risk assessment on the robot system in advance. Make sure that
the safety integrity level of the standards is met.

Even when the STO function is in use, the following residual risks may exist. Therefore, safety must always
be given consideration during risk assessment.

To ensure safety, users should decide all the risk assessments and residual risks in the entire machine

equipment. Companies and individuals that establish safety-related systems must take full responsibility for

system installation and commissioning. Additionally, when complying with a European machinery directive,

the related sub system must acquire safety standards certification, and the whole equipment or system is

subject to all risk assessments and safety class certification.

The following shows residual risks concerning the safety function of this product.
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Common residual risks

e Atthe shipment to end-users, check the settings of safety related components with programming tools
and monitored/displayed contents on display and record and save the setting data concerning the safety
observation function and the programming tools you used. Perform them using a check sheet, etc.

¢ The safety will not be ensured such as in assembling machine until installing, wiring, and adjustment are
completed properly. Install, wire, and adjust your system referring to installation guide for each unit.

e Only qualified personnel are authorized to install, start-up, repair or adjust the machines in which these
components are installed. Only trained engineers should install and operate the equipment.

e Separate the wiring for safety observation function from other signal wiring.
e Protect the cables with appropriate ways (routing them in a cabinet, using a cable guard, etc.).

« We recommend using a switch, relay, sensor, etc. which comply with safety standards. When using a
switch, relay, sensor, etc. which do not comply with safety standards, perform a safety confirmation.

o Keep the required clearance/creepage distance depending on voltage you use.
Residual risks in each function

o Safety I/0 (ensuring communication safety)

Ensure that the wiring and external signals are correct for the safety 1/0 function.

e Joint position monitoring
o The joint position is a soft limit relative to the base. It cannot guarantee the position of the robot in the
space. It must be set according to actual working conditions. Otherwise, there may be a safety risk.

o The joint position monitoring is only applicable to the internal robot axes. The position monitoring of
the external axes does not meet the PLd standard.

e Joint speed monitoring

The joint speed is calculated based on the transmission mechanism from the motor end to the joint end. If
the transmission mechanism is damaged or modified, the joint speed monitoring function may pose a risk.

e Cartesian position monitoring

The Cartesian position monitoring is based on the base frame. If the robot base moves, the TCP only
represents a spatial position relative to the base. Set the safety parameters properly.

e Cartesian speed monitoring

The Cartesian speed monitoring is based on the base frame. If the robot base moves, the speed only
represents a speed relative to the base. Set the safety parameters properly.

o Safety low speed monitoring

The safety low speed monitoring is active only in manual low-speed mode. For automatic mode and manual
high-speed mode, use Cartesian speed monitoring.

A CAUTION

The safety monitoring function cannot detect the wear of the robot brakes. Check the brakes regularly to

ensure that they work properly. Check that the braking force meets the application requirements. Failure to
comply the requirements may result in brake wear and personal injury.
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2 Product Information

Product Information

For the international version ("-INT" model) small and medium payload industrial robot system, its
corresponding nameplate and model information, component-related information, and corresponding
technical specifications, see the "Nameplate and Model", "Components", and "Technical Specifications"
sections of the following guides: 19013032 IRCB501-INT Series Robot Controller User Guide, 19012996
IRCB501-EM Series Robot Controller User Guide, and 19012997 IRCB501-EM High-Protection Series Robot
Controller User Guide. Contact Inovance technical support for the specific certified models. The following
shows the international version ("-INT" model) small and medium payload industrial robot series that have
completed functional safety certification:

Functional safety certified small and medium payload industrial robot series (international version, -INT)

No. Functional safety certified small and medium payload industrial robot series
1 IR-R4/R7/R10/R11/R12/R13/R15/R16/R20/R25/R35
2 IR-R4H/R7H/R10H/R15H/R20H/R25H/R35H
3 IR-CR4H/CR7H/CR10H/CR15H/CR20H/CR25H/CR35H
4 IR-GR4/GR7/GR10/GR11/GR12/GR13/GR15/GR16/GR20/GR25/GR35
5 IR-GR4H/GR7H/GR10H/GR15H/GR20H/GR25H/GR35H
6 IR-CS10/CS16/CS20/CS25/CS30/CS35/CS50/CS5/CS60/CS3/CS4/CS6/CS7/CS8
7 IR-C8/CTS3/CTS4/CTS5/TS4/TS5
8 IR-GS10/GS16/GS20/GS25/GS30/GS35/GS50/GS60/GS4/GS5/GS7/GS8
9 IR- S4/57/510/516/520/525/530/535/550/560
10 IRGF-R10/R20
11 IR-GTS4/GTS5
12 HRTA100-4/5/7/10/20/25/35/50/60/GS20/GS60
13 HRTA300-10/11/12/16/25/30/35/4/R10H/R4H/R7H

Technical specifications

Technical specifications - functional safety certified small and medium payload industrial robot controllers

(international version, -INT)

Item Specification

0°C to 45°C, controller model: IRCB501-4AD-INT, IRCB501-4CD-INT, IRCB501-4MD-INT,

. IRCB501-6LD-INT, IRCB501-6ND-INT, IRCB501-6ND-EM-INT
Operating

temperature 0°C to 40°C, controller model: IRCB501-4ED-INT, IRCB501-6FD-INT, IRCB501-6KD-INT,
IRCB501-6KD-EM-INT

Operating ) .

o 20% RH to 95% RH (30°C) (without condensation)
humidity
Altitude <1000 m

EMI immunity |C2
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Item Specification
IP20, controller model: IRCB501-4AD-INT, IRCB501-4CD-INT, IRCB501-4ED-INT, IRCB501-6LD-
. INT, IRCB501-6FD-INT, IRCB501-6KD-INT, IRCB501-6KD-EM-INT
IP rating

IP54, controller model: IRCB501-4MD-INT, IRCB501-6ND-INT, IRCB501-6ND-EM-INT

Overvoltage

ovdai
category
Pollution
PD2
degree
Application scenario: Tested according to IEC60068-2-6, 0.15 mm amplitude at 5 Hz to 55
Hz, 5 times per axis direction
Vibration

Transportation scenario: Tested according to IEC60068-2-64, 0.01 gZ/Hz power spectral

density at 5 Hz to 100 Hz; 0.001 g/Hz power spectral density at 200 Hz; 114 g Grms
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3
3.1

3.1.1

3.1.1

Wiring and Installation
SAFETY Interface Wiring

SAFETY Interface Wiring Method 1

This chapter provides the wiring instructions for the safety terminals (SAFETY terminals) of IRCB501 series
and IRCB501 high protection series controllers (excluding IRCB501-6KD-EM-INT and IRCB501-6ND-EM-INT).

Interface Definition

The SAFETY interface includes input terminals for functions such as external emergency stop, external
safety door, and start confirmation. To ensure the safe operation of the robot system, make sure to use

these input terminals.

The emergency stop function is used in emergency situations, usually connected in series with normally
closed switches (such as mushroom shaped emergency stop switches). In case of emergency, you can
stop the robot system urgently by pressing the emergency stop switch.

The safety door function ensures the safe operation around the robot system by connecting peripheral
gratings and switches. If you want to enter the safe range, you need to disconnect the gratings and

switches installed on the periphery.

The start confirmation function ensures that the robot system safely enters the fully automatic mode

operation.

The emergency stop, safety door, and start confirmation functions all adopt dual confirmation signals. Only

when both signals are normal can the controller operate normally.

& CAUTION

Connect safety door switch, emergency stop switch, and start confirmation switch, etc., to the SAFETY
interface to ensure safety. If the SAFETY interface is not required on site, maintain the factory default
wiring. Companies and individuals that establish safety-related systems must conduct a risk assessment
of the system according to relevant safety standards to ensure that it meets the required safety integrity
level. In addition, companies and individuals that establish safety-related systems must take full

responsibility for system installation and commissioning.

If no safety connection is made or the safety connection is incorrect on the SAFETY interface, the robot

system will not function properly.
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IRCB501 Series

BO0O1234567829

SAFETY

The emergency stop, safety door, start confirmation, etc. of the controller meet the certification

requirements. The specific terminal assignments are as follows.

No. Assignment Description No. Assignment Description
Positive terminal of the 24
V power supply for Positive terminal of the 24 V
emergency power supply for emergency
A0 |E-STOP_24V |stop (maximum output BO |E-STOP_24V |stop (maximum output current:
current: 60 mA; must not 60 mA; must not be used for
be used for driving an driving an external load)
external load)
A1 |E-STOP11 B1 E-STOP21
SW1 contact for
SW2 contact for emergency
emergency stop/external ton/ext | ‘
- - stop/external emergency sto
A2 |E-STOP12 emergency stop B2 |E-STOP22 P gency stop
Positive terminal of the Positive terminal of the
A3 | E-STOP_RDY1 . B3 |E-STOP_RDY2 .
emergency stop input 1 emergency stop input 2
Negative terminal of the Negative terminal of the 24 V
A4 | E-STOP_GND |24V power supply for B4 |E-STOP_GND |power supply for emergency
emergency stop stop
A5 SAFETY- Common terminal for the BS SAFETY- Common terminal for the two-
DOOR COM |two-channel safety door ENABLE GND | Channelstart confirmation
Positive terminal of the 24 o )
Positive terminal of the 24 vV
V power supply for
) power supply for emergency
emergency stop (maxim ]
A6 |E-STOP_ 24V B6 |E-STOP_ 24V stop (maximum output current:
um output current: 60
60 mA; must not be used for
mA; must not be used for o
o driving an external load)
driving an external load)
SAFETY- SAFETY-
A7 Safety Door 1 B7 Start confirmation 1
DOORT+ ENABLE1+
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No.

Assignment Description No. Assignment Description

A8

Positive terminal of the 24 . )
Positive terminal of the 24 vV
V power supply for
) power supply for emergency
emergency stop (maxim ]
E-STOP_ 24V B8 |E-STOP_ 24V stop (maximum output current:
um output current: 60
60 mA; must not be used for
mA; must not be used for o
o driving an external load)
driving an external load)

A9

SAFETY- SAFETY-
Safety Door 2 B9 Start confirmation 2
DOOR2+ ENABLE2+

& CAUTION

e E-STOP_24V and E-STOP_ GND are 24 V power supply outputs from the controller, with a maximum
output current of 60 mA and can only supply power to the safety 1/0s.

o If this power supply is used, the SAFETY interface supports passive switch-type devices.

« When an external emergency stop device is connected in series, it must not cause the voltage of E-
STOP_24V to drop below 18 V. Otherwise, the emergency stop function may fail after the button is
pressed, causing the robot to trigger an alarm and shut down.

¢ When external wiring causes a short circuit or the output current exceeds 60 mA for a long time, it can
cause damage to the power supply inside the controller. The specific wiring method is described in the

"Emergency Stop Wiring" below.

« When connecting an external emergency stop device to the SAFETY I/0 terminals:
o Connect the first contact of the external emergency stop device in series to A0/AT1, and the second

contact in series to BO/B1. For details, see the "Connection of external emergency stop switch
(customer) + teach pendant/controller emergency stop switch" diagram in the 3.1.1.3.1 Emergency

Stop Wiring section, and observe the corresponding notes in the connection diagram.

Connect the first contact of the external emergency stop device in series to A0/A3, and the second
contact in series to BO/B3. For details, see the "Connection of external emergency stop switch
(customer)" diagram in the 3.1.1.3.1 Emergency Stop Wiring section, and observe the corresponding

notes in the connection diagram.

o When the external emergency stop signal is triggered by the safety DO (PNP type) of an external

mechanism/device, it is recommended to connect the external emergency stop signal to the safety DI
of the safety expansion card. For details on related wiring and configurations, see the 3.3 Safety DI of
Safety Expansion Card section and the 4.2 Safety |/0 section. If the robot is not equipped with a

safety expansion card, the safety DO (PNP type) output signal from the external mechanism must be
converted to a switch signal before being connected to the corresponding SAFETY interface.

The default wiring diagram for the SAFETY interface of the IRCB501 series controller is shown below.
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A0 E-STOP_24V BO E-STOP_24V

Al E-STOP11 B1 E-STOP21

A2 E-STOP12 B2 E-STOP22

A3 E-STOP_RDY1 B3 E-STOP_RDY2

A4 E-STOP_GND B4 E-STOP_GND
SAFETY- SAFETY-

AS DOOR_COM B> ENABLE_GND

A6 E-STOP_24V B6 E-STOP_24V

A7 | SAFETY- B7 | SAFETY-
DOOR1+ ENABLE1+

A8 E-STOP_24V B8 E-STOP_24V
SAFETY- SAFETY-

A9 | poora+ B9 | ENABLE2+

IRCB501 High-Protection Series
‘ [ T @&/ (] [

41

o
|
-

T

ESOUT
B01234567809

vovvuevuvuvueuouy
A0123456T728)9

The emergency stop, safety door, and start confirmation functions of the controller meet the certification

requirements. The specific safety terminal assignments are as follows.
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No. Assignment Description No. Assignment Description
Positive terminal of the . )
Positive terminal of the 24 V
24 V power supply for
) power supply for emergency
emergency stop (maxim )
A0 |E-STOP_ 24V BO |E-STOP_24V |stop (maximum output current:
um output current: 60
60 mA; must not be used for
mA; must not be used for o
o driving an external load)
driving an external load)
A1 |E-STOP11 SW1 contact for B1 |E-STOP21
SW?2 contact for emergency stop
emergency stop/external Jext | ‘
- - external emergency sto
A2 |E-STOP12 emergency stop B2 |E-STOP22 gency stop
Positive terminal of the Positive terminal of the
A3 |E-STOP_RDY1 _ B3 |E-STOP_RDY2 .
emergency stop input 1 emergency stop input 2
Negative terminal of the Negative terminal of the 24 V
A4 |E-STOP_GND |24V power supply for B4 |E-STOP_GND |power supply for emergency
emergency stop stop
A5 SAFETY- Common terminal for the BS SAFETY- Common terminal for the two-
DOOR_COM two-channel safety door ENABLE GND |Channelstart confirmation
Positive terminal of the o )
Positive terminal of the 24 V
24 V power supply for
) power supply for emergency
emergency stop (maxim )
A6 |E-STOP_24V B6 |E-STOP_24V |stop (maximum output current:
um output current: 60
60 mA; must not be used for
mA; must not be used for o
o driving an external load)
driving an external load)
SAFETY- SAFETY-
A7 Safety Door 1 B7 Start confirmation 1
DOORT+ ENABLET+
Positive terminal of the o )
Positive terminal of the 24 V
24 V power supply for
) power supply for emergency
emergency stop (maxim )
A8 |E-STOP_ 24V B8 |E-STOP_24V |stop (maximum output current:
um output current: 60
60 mA; must not be used for
mA; must not be used for o
o driving an external load)
driving an external load)
SAFETY- SAFETY-
A9 Safety Door 2 B9 Start confirmation 2
DOOR2+ ENABLE2+
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& CAUTION

e E-STOP_24V and E-STOP_ GND are 24 V power supply outputs from the controller, with a maximum

output current of 60 mA and can only supply power to the safety 1/0s.
o |If this power supply is used, the SAFETY interface supports passive switch-type devices.

« When an external emergency stop device is connected in series, it must not cause the voltage of E-
STOP_24V to drop below 18 V. Otherwise, the emergency stop function may fail after the button is

pressed, causing the robot to trigger an alarm and shut down.

« When external wiring causes a short circuit or the output current exceeds 60 mA for a long time, it can
cause damage to the power supply inside the controller. The specific wiring method is described in the
"Emergency Stop Wiring" below.

« When connecting an external emergency stop device to the SAFETY I/0 terminals:
o Connect the first contact of the external emergency stop device in series to A0/AT, and the second
contact in series to BO/B1. For details, see the "Connection of external emergency stop switch

(customer) + teach pendant/controller emergency stop switch" diagram in the 3.1.1.3.1 Emergency

Stop Wiring section, and observe the corresponding notes in the connection diagram.

o Connect the first contact of the external emergency stop device in series to A0/A3, and the second
contact in series to BO/B3. For details, see the "Connection of external emergency stop switch
(customer)" diagram in the 3.1.1.3 Wiring Procedure and Topology Diagram section, and observe the

corresponding notes in the connection diagram.

o When the external emergency stop signal is triggered by the safety DO (PNP type) of an external
mechanism, it is recommended to connect the external emergency stop signal to the safety DI of the
safety expansion card. For details on related wiring and configurations, see the 3.3 Safety DI of
Safety Expansion Card section and the 4.2 Safety I/0 section. If the robot is not equipped with a

safety expansion card, the safety DO (PNP type) output signal from the external mechanism must be
converted to a switch signal before being connected to the corresponding SAFETY interface.

The default wiring diagram for the SAFETY interface of the IRCB501 High-protection series controller is shown

below.
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Robot controller emergency stop switch (built-in)

AhA-

3.1.1.2 1/0 Specifications

A0 | E-STOP 24V BO | E-sTOP 24V

Al | E-STOP11 Bl | E-STOP21

A2 | E-STOP12 B2 | E-STOP22

A3 | E-STOP.RDY1 | B3 | E-STOP_RDY2

A4 | ESSTOP. GND | B4 | E-STOP_GND
SAFETY- SAFETY-

AS | booRr_com BS | ENABLE GND

A6 | E-STOP 24V B6 | E-STOP 24V

A7 SAFETY- B7 SAFETY-
DOORI1+ ENABLEL+

A8 | E-STOP 24V B8 | E-STOP 24V
SAFETY- SAFETY-

AS | pooRra+ BO | ENABLE2+

The specifications of 1/0s for emergency stop input, safety door and start confirmation input are described

below.

Item

Specification

Input connection method

Crimping wiring terminal

Input type

No common point design, supporting bidirectional input

Maximum input voltage

30 vDC
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Item Specification
Input current (typical at 24 V) Approx. 5 mA
Input Impedance >4 kQ

ON voltage range

18 VDCto 30 VDC

OFF voltage range

0VDCto 3VDC

Maximum signal frequency of input

1 kHz

Isolation mode

Optoelectric isolation

3.1.1.3 Wiring and Topology Diagram

3.1.1.3.1 Emergency Stop Wiring

Emergency stop is a normally closed contact connection, with a dual circuit structure. The disconnection of

any one circuit will trigger the emergency stop function. For different emergency stop wiring, note the

corresponding precautions. The SAFETY interface only accepts passive emergency stop normally closed

contact signal. When other signal is used on site, such as an active emergency stop safety DO signal, see the

3.3.3 Wiring Procedure and Topology Diagram section for wiring.

A CAUTION

robot speed to 0, and then press the emergency stop button.

e During normal robot operation, minimize the use of the emergency stop function for non-emergency
situations. Emergency stop may cause the robot stop trajectory to deviate from the normal operation
trajectory, and the emergency stop shock can reduce the service life of the robot reducer and increase
the wear and tear of the motor brake pads. If you want to enter the emergency stop state, first set the

¢ In case of an emergency, press the emergency stop button directly to enter the emergency stop state.

The emergency stop function can be triggered by the emergency stop on the robot controller/teach

pendant, or the emergency stop signal of a customer emergency stop device connected in series to the

emergency stop circuit of the controller/teach pendant. When the emergency stop function of the SAFETY
interface is triggered, the safety function SFO1 Emergency Stop is activated, and the robot performs a

Category 0 stop. The following are wiring diagrams for different emergency stop signal trigger sources on

the SAFETY terminals:

e Forthe connection using only robot side (teach pendant/controller) emergency stop (dual-circuit (A/B)

interlocking mechanism), see the table below.
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Using 24 V power supply provided by the controller

. Using an external 24 V power supply
(default wiring)

External 24 vV

24V
Controller u Controller T
|| .
A1l
—

. ?}Z
EEZ " I l

17 < GND External GND

L('?'O B1

B2
R B3 :
R
B3
{1 4

¥ B4

B4 47 47
j q GND External GND

GND

A CAUTION

e The teach pendant emergency stop is not shown in the diagrams above, and "Emergency stop wiring on
robot side only" should be consistent with the factory default wiring.

« When the "Connection using only robot side (teach pendant/controller) emergency stop" is adopted,
and the safety expansion card is not configured for external emergency stop, the robot has no external
emergency stop device (customer). Companies and individuals that establish safety-related systems
must conduct a risk assessment of the system according to relevant safety standards to ensure that it
meets the required safety integrity level. In addition, companies and individuals that establish safety-
related systems must take full responsibility for system installation and commissioning.

e Forthe connection using both external emergency stop switch (customer) and robot side (teach pendant
/controller) emergency stop (dual-circuit (A/B) interlocking mechanism), see the table below.
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Using 24 V power supply provided by the controller

Using an external 24 V power supply

Controller

GND

External emergency
stop switch (customer)

]

]

Controller

A2
424
_ 2 A3
hv4
A4

External
GND

<

External
GND

External

+24V

External emergency
stop switch (customer)

A CAUTION

fail after the button is pressed, causing the robot to trigger an alarm and shut down.

When an external emergency stop device is connected to AO/A1/B0/B1 of the SAFETY interface in series, it

must not cause the voltage of E-STOP_24V to drop below 18 V. Otherwise, the emergency stop function may

e Forthe connection using only external emergency stop (customer) switch (dual-circuit (A/B) interlocking

mechanism), see the table below.

Using 24 V power supply provided by the controller

Using an external 24 V power supply

24V
Controller

A0

External emergency
stop switch (customer)

[or:

A4

BO

B3

B4

Controller

External
+24V

R
GND External
GND
R B3

External emergency
stop switch (customer)

GND External
GND
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& CAUTION

« When an external emergency stop device is connected to AO/A3/B0/B3 of the SAFETY interface in series,
it must not cause the voltage of E-STOP_24V to drop below 18 V. Otherwise, the emergency stop function
may fail after the button is pressed, causing the robot to trigger an alarm and shut down.

« When the "Connection using only external emergency stop switch (customer)" is adopted, the default
wiring between A0/A1/A2/A3/B0/B1/B2/B3 will be removed. Note that after removing the default
wiring between A0/A1/A2/A3/B0/B1/B2/B3, only the external emergency stop switch (customer) will be
active in the system, and the teach pendant/controller emergency stop switch will trigger the
emergency stop function. Companies and individuals that establish safety-related systems must
conduct a risk assessment of the system according to relevant safety standards to ensure that it meets
the required safety integrity level. In addition, companies and individuals that establish safety-related
systems must take full responsibility for system installation and commissioning.

3.1.1.3.2 Safety Door and Start Confirmation Wiring

Safety door wiring

The wiring terminals for the protective stop function (safety door) can be used for controlling the safety door
or safety grating on the surrounding protective fence during robot operation. When the safety door is
opened, the safety door signal input is at a low level, the safety function SFO2 Emergency Stop is activated,
and the robot performs a Category 0 stop:

o The safety door utilizes a safety DI detection method with a dual circuit structure.

e The safety door is a normally closed dual-contact connection, with a dual circuit structure. The signal
disconnection of any one circuit will trigger the Category 0 stop.

The controller system enables the safety door function by default (with factory default wiring). When using
the safety door signal, connect the safety door trigger signal device to the corresponding interface.

A CAUTION

Connect the safety door circuit to the designated I/0s for SAFETY DOOR 1 and SAFETY DOOR 2. The safety
door function is active only when both 1/0 inputs are valid. Otherwise, the system will alarm.

By default, the safety door terminal signal are powered by internal power supply. If you need to use the
safety door to trigger the protective stop function, it is recommended to supply power to the safety door
trigger device from an external +24 V power supply, and then connect the safety door signal to the
corresponding interface terminal on the controller. The wiring for the safety door (protective stop function) is
as follows:

e When the external safety door control uses a dual-switch (recommended wiring with external 24 V power

supply), the wiring is as shown below:
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Controller SAFETY terminals

A6/A8 ’

External dual-channel safety door switch

>
External +24 V N A4
RO JGnD
| AS -
JJ:/ 514 Externalﬁ ? :)
— s L [ e areC
— o B -
1
DS
N
-
A9 R _»L\;
] -

« When the external safety door control uses a relay output (recommended wiring with external 24 V power
supply), the wiring is as shown below:

Correct wiring with relay Incorrect wiring with relay

Controller SAFETY terminals

Controller SAFETY terminals

External
supply not used A6/A8 T
A4 )
External +24 VDC : 37GND s
/]
N 17GND
5 |
- A5
nr R AV> ( §
M| I " N AVY> (
> i I
K1
K2 K1 A9 R AY:- K; %:l al
| — r =
20 R AV~ <
L | — —=
External GND

External GND

« When the external safety door control uses an NPN-type drive output (recommended wiring with external
24V power supply), the wiring is as shown below:
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Controller SAFETY terminals

24V
External +24 V A6 /A8
>

A4

’ 17GND

External NPN-type A5

drive control 7 - [{
A7 R f% =
—— Tt -

-
NPN A9 R -
Y 1 |

j External GND

e When the safety door function is not enabled (factory default wiring), the wiring is as shown below:

\Vd

A4 Controller SAFETY terminals B4
>1 GND GND‘,7_<
A5 B5
+24 'V +24 'V

4 T T _B6

A7 R x !z:<- }::z r 3 R B7

+24V +24 'V
A8 T B
y § & =V¥X%| R
ps & 3= [Pt ® 5o

& CAUTION

If the safety door function (protective stop) is left at factory default wiring, the function will not be enabled,
and the robot has no safety door function (customer). Companies and individuals establishing safety-
related systems must conduct a risk assessment according to relevant safety standards to ensure that the
system meets the safety requirements. In addition, companies and individuals that establish safety-related
systems must take full responsibility for system installation and commissioning.
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Start confirmation wiring

The start confirmation function is used to verify the robot's readiness before startup operation. It utilizes a

universal DI detection method with a dual circuit structure and operates in the following manner:

¢ Rising edge detection method. When the DI port detects a valid rising edge signal (with a pulse width
greater than 500 ps) from 0 to 1, the start confirmation function is enabled and active. For example, the
external control device uses a self-resetting type contact switch for control.

o If the DI port detects that there is always an ON input level, that is, this function is blocked. For example,
the external control device uses a normally closed contact switch for control, and the input is always in a
valid state.

The controller system turns on the start confirmation function by default. Therefore, note the wiring as

follows:

¢ When the start confirmation function is active, the 1/0 detection circuit requires a rising edge input of 0 to
1 before each operation of the system. Otherwise, after the start button is pressed, the system will prompt
"Please confirm the startup before automatic operation”. Therefore, it is recommended to use a self-
resetting switch in the start confirmation control circuit.

By default, the start confirmation function circuit are powered by internal power supply. If you need to

connect an external control device to remotely operate the start confirmation function, it is recommended to

use an external +24 V power supply. The wiring for the startup confirmation is as follows:

e« When the external start confirmation control uses a dual-switch (recommended wiring with external 24 V
power supply), the wiring is as shown below:

Controller SAFETY terminals

External dual-channel 24V
start confirmation switch B6/B8
External +24 V N B4
O 4 eND
B5 —

J

i External ;
I S D G M o Y
’—Jﬁ_

A

oL

59 :R,_E:L/L

e When the external start confirmation control uses a relay output (recommended wiring with external 24 V
power supply), the wiring is as shown below:
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External safety door control (relay output)

Correct wiring with relay Incorrect wiring with relay

Controller SAFETY terminals

Controller SAFETY terminals

24V External
B6/B8 Single power +24_\LDC 24V
supply not used
L /A\.| B6/B8

B4 4
External +24 VDC GND B4
T B5 g?GND
N L

- B5

B R AY = ( L
i r . R |AYE (:
i 3
K1

K2 K1 B9 R ]K ]! : Q % —
7§ r o 5 AV <
%I gj —
External GND

External GND

e When the external safety door control uses an NPN-type drive output (recommended wiring with external
24V power supply), the wiring is as shown below:

Controller SAFETY terminals

24V

ExternEl_+24 Vv N B6/B8

S B4
J7GND

External NPN-type B5

drive control ¢ - B
B7 R -
L )

NPN -
B9 R =
/M 1 |

d External GND

-43-




Wiring and Installation

e The wiring for shielding the start confirmation function (factory default wiring) is as shown below:

Ad Controller SAFETY terminals B4
>_<l7 GND GNDJ:<
A5 B5
+24 V +24V

. <M T B6

A7 R +!!:|< }1!!2E R B7

+24V +24V
A8 T B
y § & =v&| R
A9 L ( } — B9

& CAUTION

If the start confirmation function is left at factory default wiring, the function will not be enabled, and the
robot has no start confirmation function. Companies and individuals establishing safety-related systems
must conduct a risk assessment according to relevant safety standards to ensure that the system meets the
safety requirements. In addition, companies and individuals that establish safety-related systems must

take full responsibility for system installation and commissioning.
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3.1.1.3.3 Topology and Wiring for Emergency Stop, Safety Door and Start Confirmation Functions

Before wiring according to the following wiring topology for the SAFETY interface, read all the precautions in
the 3.1.1 SAFETY Interface Wiring Method 1 section.

« Topology and wiring for the SAFETY interface of IRCB501 series controller (without safety expansion card):

External
emergency stop
switch (customer)

N
of

SAFETY

[JAO E-STOP 1_24V

Intel_'pal +24 VDC

BO E-STOP 2_24V

A1 E-STOP 11

[ E-STOP 111

[ Hand-held |
teach pendant
emergency stop

P

A2 E-STOP 12

E-STOP 12|

b——f-1

B1 E-STOP 21

E-STOP 21

External safety
door switch

B2 E-STOP 22

o (U | B (W

5
h
—Lz—l

E-STOP 22|

A3 E-STOP RDY 1 R

External +24 VDC

B3 E-STOP RDY 2 R

E-STOP_GND

Emergency stop
trigger signal

e |

A9

A4 E-STOP_GND
¢ |B4 E-STOP_GND

E-STOP_GND

Safety door

e

External start
confirmation switch

b

PNl

External power

A7

A5

supply GNDJ7

External +24 VDC

Start confirmation

B9

ol

S8

e

o]
B7

o

_|ss

A **’(

$

External power—|7

supply GND

STO
logic
circuit

Safety door
trigger signal

Start confirmation
trigger signal

Hand-held
teach pendant
™

Topology and wiring for the emergency stop, safety door and start confirmation functions (IRCB501

series controller)

Figure 3-1-1-3-3-2
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Topology and wiring for the SAFETY interface of IRCB501 series controller (with safety expansion card):

External emergency
stop switch (customer) Hand-held

) achpenan:

Internal +24 VDC

oV SAFETY

! AQ E-STOP 1_24V
| BO E-STOP 2_24V ™
! A1 E-STOP 11 4 E-STOP 114
W A2 E-STOP 12 E-STOP 12|
! B1 E-STOP 21
—

E-STOP 21
B2 E-STOP 22 E-STOP 22

I [ {Asestoprov R na ma
E-STOP_GND = Emergency stop
. iring f h trigger signal
Customer on-site wiring for teac B3E-sToRRDYZ R Han-held
pendant emergency stop status = 1 . feach penane
(if needed, on-site wiring: A2/B2to /A4 E-STOP_GND E-STOP_GND ==
any safety DI, and A4/B4 to GND_S) B4 E-STOP_GND

X0A
X0B
X1A STO
X1B A
X2A 92
X28 circuit
X3A  Safety DI of safety expansion card
X3B

X4A

X4B

X5A

X5B

X6A

X6B

X7A

X78

L1 | GND_S

o [ |s w

b | GND_E

YOA

YOB

Y1A

Y1B

Y2A

Y2B Safety DO of safety expansion card
Y3A

External safety door switch 35\ STO

4B logic
External +24 VDC 24V_E circuit
() GND_E
|
1
1
1

— Safety door
4 —

A9

Il Lq R : 1
] o Safety door
4 trigger signal

A7

O
>
s | =] |

External start confirmation switch ‘L——c 7

External External power
424 VDC SUPPly GND Start confirmation

© B

1 | R = Start confirmation
trigger signal
= B7

$

External power
supply GND

Topology and wiring for the external emergency stop switch, external safety door, external
start confirmation and teach pendant/controller emergency stop status output (IRCB501

series controller)
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e Topology and wiring for the SAFETY interface of IRCB501 high-protection series controller (without safety

expansion card

):

Robot controller

External
emergency stop emergency stop
switch (customer) o o .
switch (built-in) e
teach pendant
~ —
X i Internal +24 VDC
oV ov SAFETY %
| I [1A0 E-STOP 1_24V O]
‘ | | BO E-STOP 2_24V ™ i
! ! A1 E-STOP 11 3 [FE-STOPIIC L7 |
h h | J, |A2 E-STOP 12 4 E-STOP 12 b
. . )_|g1 E-STOP 21 5 E-STOP 21 !
—{ N g
| J, [B2E-STOP 22 6 E-STOP 22 !
| J, |A3E-STOPRDY1 R ] s -
—
E-STOP_GND ﬁ *{_ Emergency stop
trigger signal
Hand-held
teach pendant

@ |A4 E-STOP_GND E-STOP_GND
L P |B4 E-STOP_GND
External safety door switch
External
+24 VDC
)
I
(— Safety door
| - L
| A9 1
' - 1=
(- o : || safety door
3 trigger signal
A7
o L
-
X . . A5 R -
External start confirmation switch I r
External power
External
+24) \rzoc supply GND Ismn confirmation
()
: — o-1B2 =
et | B
I o S | Start confirmation
| . "
i trigger signal
il B7 .
ol | = F¥=(
- -
I ~ |B5 |
External power
supply GND

STO
logic
circuit

™

Topology and wiring for the emergency stop, safety door and start confirmation functions (IRCB501

high-protection series controller)

-47-




Wiring and Installation

e Topology and wiring for the SAFETY interface of IRCB501 high-protection series controller (with safety
expansion card):

External Robot controller

emergency stop
switch (customen)  ©Mergency stop

switch (built-in) ;‘:’:’&E&:‘,

Q Q Internal +24 VDC
o) ©y  SAFETY Cl?

! T ©)

I

T

I

|

A ]AO E-STOP 1_24V
BO E-STOP 2_24V TP

|A1 E-STOP 11 A 1E-STOP 111
IA2 E-STOP 12 E-STOP 12

|

I

]
)_IE'I E-STOP 21 E-STOP 21 |

1

| ) B2 E-STOP 22 E-STOP 22

|A3 E-STOP RDY 1 & - -

E-STOP_GND ﬁﬂ{

B3E-STOPRDY2 R 1
-
/A4 E-STOP_GND E-STOP_GND f** (

=0 U B (VR

Emergency stop
trigger signal

Customer on-site wiring for teach
pendant/controller emergency stop
status (if needed, on-site wiring: A2/B2
to any safety DI, and A4/B4 to GND_S) |

Hand-held
teach pendant|
™

B4 E-STOP_GND

[ 8 5

b | X0A
X0B
A STO
X1B :
San l(':)gIC.
X28 circuit
X3A  Safety DI of safety expansion card
X3B

X4A

X4B

X5A

X5B

X6A

X6B

X7A

X78

L—1@ [ GND_S

GND_E
YOA
YOB
Y1A
Y1B
Y2A
Y2B  Safety DO of safety expansion card
Y3A

External safety door switch 31 sTO

External Y4B logic
+24 VDC 24V_E circuit
@]

GND_E

Safety door

" 1
A9

|
[ij ° _‘iiﬂ:{. Safety door

trigger signal

A7

O

) R B R
External start confirmation switch $ o143 T

External EXternal power
+24VDC  SUPPly GND Start confirmation
o |
4 -89 i
| f*: {
! o P S L Start confirmation

trigger signal
= B7
O

= BS B +*={

é L

External power
supply GND

Topology and wiring for the external emergency stop switch, external safety door, external start

confirmation and teach pendant/controller emergency stop status output (IRCB501 high-protection series

controller)
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3.1.2

3.1.2.1

SAFETY Interface Wiring Method 2

This chapter provides the wiring instructions for the safety terminals (SAFETY terminals/emergency stop
switch status terminals) of IRCB501-6KD-EM-INT and IRCB501-6ND-EM-INT controllers.

Interface Definition

The SAFETY interface includes input terminals for functions such as external emergency stop, external
safety door, and start confirmation. To ensure the safe operation of the robot system, make sure to use
these input terminals.

The emergency stop function is used in emergency situations, usually connected in series with normally
closed switches (such as mushroom shaped emergency stop switches). In case of emergency, you can
stop the robot system urgently by pressing the emergency stop switch.

The emergency stop switch status function is used to feedback the status of the emergency stop button
on the robot controller or teach pendant.

The safety door function ensures the safe operation around the robot system by connecting peripheral
gratings and switches. If you want to enter the safe range, you need to disconnect the gratings and
switches installed on the periphery.

The start confirmation function ensures that the robot system safely enters the fully automatic mode
operation.

The emergency stop, safety door, and start confirmation functions all adopt dual confirmation signals. Only
when both signals are normal can the controller operate normally.

The emergency stop switch status function is used to feedback the status of the emergency stop switch
button on the robot controller or teach pendant.

& CAUTION

Connect safety door switch, emergency stop switch, and start confirmation switch, etc., to the SAFETY
interface to ensure safety. If the SAFETY interface is not required on site, maintain the factory default
wiring. Companies and individuals that establish safety-related systems must conduct a risk assessment
of the system according to relevant safety standards to ensure that it meets the required safety integrity
level. In addition, companies and individuals that establish safety-related systems must take full
responsibility for system installation and commissioning.

If no safety connection is made or the safety connection is incorrect on the SAFETY interface, the robot

system will not function properly.

-49-




Wiring and Installation

............

SAFETY
BO1234567839

SAFETY terminals: The emergency stop, safety door, start confirmation, etc. of the controller meet the

certification requirements. The specific terminal assignments are as follows.

No. Assignment Remarks No. Assignment Remarks
i . Positive
Positive terminal )
terminal of the
of the 24 v
24V power
power supply
supply for
for emergency
] emergency stop
stop (maximum .
A0 |E-STOP_ 24V BO |E-STOP_ 24V (maximum
output current:
output current:
60 mA; must not
60 mA; must
be used for
o not be used for
driving an -
driving an
external load)
external load)
Al |E-STOPTI sw1 contactfor | °) |ET>TOP2] SW?2 contact for
A2 | E-STOP12 emergency stop B> |E-STOP22 emergency stop
SW1 contact for SW2 contact for
A3 |E-STOP_RDY1 additional B3 E-STOP_RDY2 additional
emergency stop emergency stop
Negative Negative
terminal of the terminal of the
A4 |E-STOP_GND 24V power B4 |E-STOP_GND 24 V power
supply for supply for
emergency stop emergency stop
Common
Common .
SAFETY-DOOR_ terminal for the SAFETY-ENABLE_ terminal for the
A5 B5 two-channel

COM

two-channel
safety door

GND

start
confirmation
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No. Assignment Remarks No. Assignment Remarks
. . Positive
Positive terminal )
terminal of the
of the 24 vV
24 V power
power supply
supply for
for emergency
] emergency stop
stop (maximum ;
A6 |E-STOP_ 24V B6 |E-STOP_ 24V (maximum
output current:
output current:
60 mA; must not
60 mA; must
be used for
o not be used for
driving an o
driving an
external load)
external load)
Start
A7 |SAFETY-DOOR1+ Safety Door 1 B7 |SAFETY-ENABLET1+ ) )
confirmation 1
. ) Positive
Positive terminal )
terminal of the
of the 24V
24 V power
power supply
supply for
for emergency
] emergency stop
stop (maximum .
A8 |E-STOP_24V B8 |E-STOP_24V (maximum
output current:
output current:
60 mA; must not
60 mA; must
be used for
o not be used for
driving an o
driving an
external load)
external load)
Start
A9 |SAFETY-DOOR2+ Safety Door 2 B9 |SAFETY-ENABLE2+ ) .
confirmation 2

-51-




Wiring and Installation

ESOUT
NC NC NC NC NC NC

o

ESOUT terminals: The emergency stop switch status output (RO Type) of the controller meets the certification

requirements. The specific terminal assignments are as follows.

Emergency stop switch status terminal: ESOUT assignment (RO type)

Positive terminal 0 of

Negative terminal 0 of

status

A0 |ESOUTAO emergency stop switch BO |ESOUTBO emergency stop switch
status status
Positive terminal 1 of Negative terminal 1 of
Al ESOUTA1 emergency stop switch B1 |ESOUTBI1 emergency stop switch

status

(i) NOTE

NC indicates that the terminal is idle and has no electrical connection assigned.

A CAUTION

e E-STOP_24V and E-STOP_ GND are 24 V power supply outputs from the controller, with a maximum

"Emergency Stop Wiring" section below.

the corresponding notes in the connection diagram.

output current of 60 mA and can only supply power to the safety 1/0s.
o |If this power supply is used, the SAFETY interface supports passive switch-type devices.

« When an external emergency stop device is connected in series, it must not cause the voltage of E-
STOP_24V to drop below 18 V. Otherwise, the emergency stop function may fail after the button is
pressed, causing the robot to trigger an alarm and shut down.

« When external wiring causes a short circuit or the output current exceeds 60 mA for a long time, it can
cause damage to the power supply inside the controller. For the specific wiring method, see the 3.1.2.3.1

« When connecting an external emergency stop device to the SAFETY I/0 terminals: Connect the first
contact of the external emergency stop device in series to A0/A3, and the second contact in series to
BO/B1. For details, see the "Connection of external emergency stop switch (client) + teach pendant/

controller emergency stop switch" diagram in the 3.1.2.3.1 Emergency Stop Wiring section, and observe

The default wiring diagram for the SAFETY interface of the IRCB501-EM series controller is shown below.
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AO E-STOP_24V BO E-STOP_24V

Al | E-STOP1T B1 E-STOP21

A2 | E-sTOP12 B2 | E-STOP22

A3 | E-STOP_RDY1 | B3 E-STOP_RDY2

A4 | E-STOP_GND B4 | E-STOP_GND
SAFETY- SAFETY-

A> | boor_com B> | ENABLE GND

A6 | E-STOP 24V B6 | E-STOP 24V

A7 | SAFETY- B7 | SAFETY-
DOOR1+ ENABLE1+

A8 | E-STOP 24V B8 | E-STOP 24V
SAFETY- SAFETY-

A9 | pooRr2+ B9 ENABLE2+

Figure 3-1-2-1-1 Default SAFETY terminal wiring

3.1.2.2 Safety Specifications

3.1.2.2.1 Safety 1/0 Specifications

The specifications of 1/0s for emergency stop input, safety door and start confirmation input are shown in

the table below.

Item

Specification

Input connection method

Crimping wiring terminal

No common point design, supporting bidirectional

Input type input
Maximum input voltage 30 vDC
Input current (typical at 24 V) Approx. 5 mA

Input Impedance > 4 kQ

ON voltage range

18 VDCto 30 VDC

OFF voltage range

0VDCto 3VDC

Maximum signal frequency of input

1 kHz

Isolation mode

Optoelectric isolation
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3.1.2.2.2 Safety ESOUT Specifications

The safety specifications of ESOUT are shown in the table below:

Item Specification
Number of channels 2
Output mode Dry contact
Voltage class <24 VDC
Resistive output load Single circuit TA

<15 ms (from OFF to ON)

Hardware response time
<10 ms (from ON to OFF)

Isolation Relay isolation, 4000 VAC for 1 min
Short circuit protection None
Output frequency < 40 Hz recommended for relay switch

3.1.2.3 Wiring and Topology Diagram

This chapter mainly introduces the wiring instructions and system topology diagram related to the SAFETY
interface and the emergency stop switch status.

3.1.2.3.1 Emergency Stop Wiring

Emergency stop is a normally closed contact connection, with a dual circuit structure. The disconnection of
any one circuit will trigger the emergency stop function. For different emergency stop wiring, note the
corresponding precautions.

The SAFETY interface only provides one set of input terminals for emergency stop normally closed contact
signals, which are used for connecting the customer's emergency stop trigger devices. You can connect
either a single emergency stop signal or multiple emergency stop signals in series. When multiple external
emergency stop signals need to be independently connected to the robot system for on-site applications,
see the 3.3 Safety DI of Safety Expansion Card section or the 3.4 Safety DO of Safety Expansion Card section

for wiring instructions.

A CAUTION

e During normal robot operation, minimize the use of the emergency stop function for non-emergency

situations. Emergency stop may cause the robot stop trajectory to deviate from the normal operation
trajectory, and the emergency stop shock can reduce the service life of the robot reducer and increase
the wear and tear of the motor brake pads. If you want to enter the emergency stop state, first set the
robot speed to 0, and then press the emergency stop button.

e In case of an emergency, press the emergency stop button directly to enter the emergency stop state.
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When the emergency stop function of the SAFETY interface is triggered, the robot performs a Category 0

stop. The emergency stop function has two types:

e The first type is the additional emergency stop (additional emergency stop function), which uses the
safety-dedicated DI terminals for connecting the customer's emergency stop trigger devices.

e The second type is the internal emergency stop (emergency stop function), which refers to the robot
controller/teach pendant emergency stop.
Additional emergency stop

The additional emergency stop uses the safety-dedicated DI terminals for connecting the customer's
emergency stop trigger devices. When the "connection of external emergency stop switch (customer)" is
adopted, keep the default wiring for robot terminals A0/A1 and BO/B1 unchanged.

& CAUTION

e When an external emergency stop device is connected to AO/A3/B0/B3 of the SAFETY interface in series
(powered by robot internal 24 V power supply), it must not cause the voltage of EXT-SAFETY_24V_IN to
drop below 18 V. Otherwise, the emergency stop function will be activated directly, causing the robot to
trigger an alarm and shut down.

o |If the default wiring between the robot terminals A0/A1/B0/B1 is accidentally removed, the emergency
stop function of the teach pendant/controller emergency stop switch will be activated. Consequently,
the robot will trigger an emergency stop and will not be able to start.

« If the controller emergency stop function is ineffective due to the modification of the default wiring for
robot controller emergency stop, and the teach pendant is not connected, and the safety DI on the
robot's safety expansion card is not configured for the emergency stop function, and the dedicated DI
for additional emergency stop is not connected to the customer's emergency stop device, then the
entire system will have no emergency stop function, posing a safety risk to the robot system. Companies
and individuals that establish safety-related systems must conduct a risk assessment of the system
according to relevant safety standards.

The following wiring diagram illustrates the connection of an external emergency stop switch (customer) to

the SAFETY terminal, including two methods for using internal and external independent power supplies.

e Forthe connection using an external emergency stop (customer) switch (dual-circuit (A/B) interlocking
mechanism), see the table below.

Using 24 V power supply provided by the controller Using an external 24 V power supply

Controller

A3

SAFETY I/0

@

BO

External emergency
stop switch (customer)

-

B3

HES)

Controller

SAFETY I/0

External External emergency
+24V  stop switch (customer)

[z

1

External
GND

1

External
GND
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& CAUTION

« When using an external emergency stop (customer) device, see the above diagram for emergency stop
wiring. It is not recommended to connect the external emergency stop (customer) device in series with
the internal emergency stop (controller/teach pendant emergency stop) via the AO/A1/B0/B1 terminals.

« When the "connection using only external emergency stop switch (customer)" is adopted, the default
wiring between the terminals A0/A1/A3/B0/B1/B3 will be removed.
At this point, the default wiring between A0/A1/B0/B1 should remain removed. Otherwise, the
emergency stop switch on the teach pendant/controller will trigger an emergency stop.

« When the "Connection using only external emergency stop switch (customer)" is adopted, and the
controller emergency stop function is ineffective due to the modification of the default wiring for robot
controller emergency stop, and the teach pendant is not connected, and the safety DI on the robot's
safety expansion card is not configured for the emergency stop function, then only the external
emergency stop switch (customer) will be active in the system. At this point, companies and individuals
that establish safety-related systems must conduct a risk assessment of the system according to
relevant safety standards to ensure that it meets the required safety integrity level. In addition,
companies and individuals that establish safety-related systems must take full responsibility for system
installation and commissioning.

Internal emergency stop

The internal emergency stop refers to the robot controller/teach pendant emergency stop. Pressing any

emergency stop switch on the robot controller or the teach pendant will trigger the emergency stop

function. When the teach pendant is not connected, the teach pendant interface on the controller must be

plugged with a cap. Otherwise, the emergency stop function will be triggered.

The following wiring diagram illustrates the connection of the internal emergency stop, including two

methods for using internal and external independent power supplies.

e Forthe connection using robot controller/teach pendant emergency stop (dual-circuit (A/B) interlocking
mechanism), see the table below.
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Using 24 V power supply provided by the controller Using an external 24 V power supply
Robot controller
emergency stop Robot controller

switch (built-in) Evnvj:crﬁ?ga/lts—:?][))

Controller % Controller
SAFETY I/0 %
C)‘ ()

24V E SAFETY 1/0 External +24 VDC

A Al QI]
B0 B ]

Teach pendant
emergency stop switch

Teach pendant
emergency stop switch

= =

- GND_E Teach pendant
Teach pendant aviation connector
aviation connector

R
R v
B14
<
CRRSE GND_E

External GND

A CAUTION

« When the teach pendant is not connected, the teach pendant interface on the controller must be
plugged with a cap. Otherwise, the emergency stop function will be triggered.

« When the "Connection using only robot side (teach pendant/controller) emergency stop" is adopted, if
the robot has no external emergency stop device (customer), the companies and individuals that
establish safety-related systems must conduct a risk assessment of the system according to relevant
safety standards to ensure that it meets the required safety integrity level. In addition, companies and
individuals that establish safety-related systems must take full responsibility for system installation and
commissioning.

3.1.2.3.2 Wiring for Emergency Stop Switch Status Function

The emergency stop switch status function is used to feedback the status of the emergency stop switch
button on the robot controller or teach pendant. The output is via a relay (RO), and the contact is normally
closed by default.

When the emergency stop switch on the robot controller or teach pendant is pressed, the emergency stop
switch status output provides a disconnection signal. When the emergency stop switch on the robot
controller or teach pendant is in a normal state, the emergency stop switch status output provides a
connection signal:

e The emergency stop switch function uses an ESOUT output method with a dual-circuit structure.
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e The emergency stop switch status output is the status output of the emergency stop switch on the
controller or teach pendant, with connection terminals A0O/B0 and A1/B1 of ESOUT.

e The emergency stop switch status output is enabled by default. When not in use, the interface wiring
remains in its factory state.

« When the robot integrated system needs to utilize the emergency stop switch signal from the robot
controller or the teach pendant, the wiring is as shown below:

Controller ESOUT
A0
(
\; g0 | Safety DI (customer)/External
[ BO — actuator (customer)
Al A~

3.1.2.3.3 Safety Door and Start Confirmation Wiring

Safety door wiring

The wiring terminals for the protective stop function (safety door) can be used for controlling the safety door
or safety grating on the surrounding protective fence during robot operation. When the safety door is
opened, the safety door signal input is at a low level, the safety function SFO2 Emergency Stop is activated,
and the robot performs a Category 0 stop:

e The safety door utilizes a safety DI detection method with a dual circuit structure.

e The safety door is a normally closed dual-contact connection, with a dual circuit structure. The signal
disconnection of any one circuit will trigger the Category 0 stop.

The controller system enables the safety door function by default (with factory default wiring). When using
the safety door signal, connect the safety door trigger signal device to the corresponding interface.

A CAUTION

Connect the safety door circuit to the designated I/0s for SAFETY DOOR 1 and SAFETY DOOR 2. The safety
door function is active only when both 1/0 inputs are valid. Otherwise, the system will alarm.

By default, the safety door terminal signal are powered by internal power supply. If you need to use the

safety door to trigger the protective stop function, it is recommended to supply power to the safety door

trigger device from an external +24 V power supply, and then connect the safety door signal to the

corresponding interface terminal on the controller. The wiring for the safety door (protective stop function) is

as follows:

e When the external safety door control uses a dual-switch (recommended wiring with external 24 V power
supply), the wiring is as shown below:
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Controller SAFETY terminals

External dual-channel 24V
safety door switch A
D
External +24 V A4

@) e ’ 37GND

AS

|
| ®

i I N
! ) External GND A7 ] i
|

e

NI

o o B3

e« When the external safety door control uses a relay output (recommended wiring with external 24 V power

supply), the wiring is as shown below:

External safety door control (relay output)

Correct wiring with relay Incorrect wiring with relay

Controller SAFETY terminals

Controller SAFETY terminals

24V
External
A6/A8 single power +24 VDC 24V
supply not used T

A6/A8
A4 05

« T
ﬁ Y
External +24 VDC GND

A4
A5 d 17GND

A5

kY

A N

A7 R

i
s
i
s

K1

K2 K1 A @ AY %:' —
-
External GND

External GND

]
"
adl

¢ When the external safety door control uses an NPN-type drive output (recommended wiring with external
24 V power supply):
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External NPN-type
drive control

NPN

VS

Controller SAFETY terminals

24V
A6 /A8

1=

External +24 V
D
N A4
J7 GND
A5 0
A7 R
A9 R
L —_—

j External GND

$3=(]

e When the safety door function is not enabled (factory default wiring), the wiring is as shown below:

Controller SAFETY terminals

A4
GND
A5
+24V
e T
A7 R x !!:(
M1 F
+24 V
A8
Ays
s & [F=(]

B4
GNDJ<

B5

+24V

T B6

R B7
1+
+24 V
B
R
AT B9

& CAUTION

If the safety door function (protective stop) is left at factory default wiring, the function will not be enabled,
and the robot has no safety door function (customer). Companies and individuals establishing safety-
related systems must conduct a risk assessment according to relevant safety standards to ensure that the
system meets the safety requirements. In addition, companies and individuals that establish safety-related

systems must take full responsibility for system installation and commissioning.
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Start confirmation wiring

The start confirmation function is used to verify the robot's readiness before startup operation. It utilizes a

universal DI detection method with a dual circuit structure and operates in the following manner:

¢ Rising edge detection method. When the DI port detects a valid rising edge signal (with a pulse width
greater than 500 ps) from 0 to 1, the start confirmation function is enabled and active. For example, the
external control device uses a self-resetting type contact switch for control.

o If the DI port detects that there is always an ON input level, that is, this function is blocked. For example,
the external control device uses a normally closed contact switch for control, and the input is always in a
valid state.

The controller system turns on the start confirmation function by default. Therefore, note the wiring as

follows:

¢ When the start confirmation function is active, the 1/0 detection circuit requires a rising edge input of 0 to
1 before each operation of the system. Otherwise, after the start button is pressed, the system will prompt
"Please confirm the startup before automatic operation”. Therefore, it is recommended to use a self-
resetting switch in the start confirmation control circuit.

By default, the start confirmation function circuit are powered by internal power supply. If you need to

connect an external control device to remotely operate the start confirmation function, it is recommended to

use an external +24 V power supply. The wiring for the startup confirmation is as follows:

e« When the external start confirmation control uses a dual-switch (recommended wiring with external 24 V
power supply), the wiring is as shown below:

Controller SAFETY terminals

External dual-channel 24V
start confirmation switch B6/B8
External +24 V N B4
O 4 eND
B5 —

J

i External ;
I S D G M o Y
’—Jﬁ_

A

oL

59 :R,_E:L/L

e When the external start confirmation control uses a relay output (recommended wiring with external 24 V
power supply), the wiring is as shown below:
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External dual-channel start confirmation switch (relay output)

Correct wiring with relay

Incorrect wiring with relay

K2

£

24V
B6/B8

External +24 VDC

Controller SAFETY terminals

i
7

/
B7 R
K1 B9 R
1
3

"
i

ty

External GND

Controller SAFETY terminals

24V

External
Single power +24_\LDC
supply not used B
B4

J7GND

B5
-
B7 R AV <:
i E -
K1
-
B9 R AV <
— .

External GND

When the external dual-channel start confirmation switch control uses an NPN-type drive output

(recommended wiring with external 24 V power supply), the wiring is as shown below:

External NPN-type
drive control

External +24 V

NPN

Controller SAFETY terminals

1
=

"
7

B9 R

External GND

The wiring for shielding the safety door and the start confirmation functions (factory default wiring) is as

shown below:

>_<|7 GND

A5

+24V
A6

Controller SAFETY terminals

A7

+24 V
A8

et

1]

d

A9

B4
GNDJ;/

B5

e ] o
1 —H—1+—

N2
[}

R
ﬁ—|:',— ==
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& CAUTION

If the start confirmation function is left at factory default wiring, the function will not be enabled, and the

take full responsibility for system installation and commissioning.

robot has no start confirmation function. Companies and individuals establishing safety-related systems
must conduct a risk assessment according to relevant safety standards to ensure that the system meets the

safety requirements. In addition, companies and individuals that establish safety-related systems must

3.1.2.3.4 Topology and Wiring for Emergency Stop, Safety Door and Start Confirmation Functions

Before wiring according to the following wiring topology for the SAFETY interface, read all the precautions in
the 3.1.2 SAFETY Interface Wiring Method 2 section.

e Topology and wiring for the SAFETY interface of IRCB501 series controller (without safety expansion card)

- using internal power supply:

SAFETY

Intemal +24 VDC

| External

emergency stop
switch (customer)

Hand-held
teach pendant
emergency stop|

[} A0 E-SICP 124/ Hand-held teach pendant @ {é
T BO E-STOP 2 24V aviation connector
[$ a1 ese 11 ~
A2 E-STCP 12 g
81 ESTP 21 q
B2 ESOP22 .

| © L
| Emergency stop
| trigger signal
i . A3 _E-STCPROY1
— B3 E-SICPROY2 R l L
{1 -
A4 E-SIOP_GND E-SIOP_GND ﬁ == (: i

ESOU

Safety DI (customer)/External actuator (customer)

E-STOP_GND

AD E-SIOP_ OUTOA
b-| BO E-SICP _ OUTOB

\Safety DI (customer)/External actuator (customer)

Al _ESIOP_ OUTI1A sTO

logic

External safety door switch

To

Extemal +24 VDC

B1 E-SICP_ OUT1B \ !

circuit

Safety door

Ton 1

—H & F=(
- -
. _§|>_ o F Safety door
triggersignal
] v
g | AS ~B—
L 11—
External start confirmation switch External power
supply GND Start confirmation
External +24 VDC B9
To F=(
R o= N
] o — Start confirmation
N trigger signal
[ 1] -
O }
- N G
L1 I I
External power
supply GND

Figure 3-1-2-3-4-1 Topology and wiring for emergency stop, safety door and start confirmation

functions
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Topology and wiring for the SAFETY interface of IRCB501 series controller (without safety expansion card)

- using external power supply:

Hand-held
teach pendant
Intemal eemergency stop|
External +24VDC
+2avpc  SAFETY ]
[ p-20__E-STOP1 24y Fy Hand-held teach pendant @
b-| BO__E-SIOP2 24V aviation connector
Al__E-SIOPI1 =1 5
A2 E SIOP12 L5 L
Bl E-STOR21 b —
B2 E-SOP2
External Al Y
| emergency stop L . - L =
itch (custos
switch (customer) U E_‘

External |
Vo | @ l7 l L mi:'g‘::cuy”ﬂw
-
| | E-STCP_GND E - ( Emergency stop
(V)

trigger signal
R

A3 E-SIOPROM —

r-; 3 _;:41—|
B3 E-STOPROY2 R
{1
P | A4 E-STOP_GND E-STOP_GND I
R | poiptper [ B

External power
supply GND

[
| i
|
|
¥
a

ESOUT
A Ew
Safety DI (customer)/External actuator (customer) b E E-SIOP12
A1 ESOP _ OUTIA
Safety DI (customer)/External actuator (customer) Bl E 1 I ifO
gic
9] ML ) . oo

External safety door switch

External
+24VDC safety door

A9

Safety door
trigger signal

1 oD

%)_J A7

- A5 R

J; O -

External start confirmation switch  External power
supply GND .
Start confirmation

Extemnal
+24VDC | B9

To i

|—4~3;J °| o B
| e 2 -

e { I e PO PO 75

L g O T
External power T
supply GND

Figure 3-1-2-3-4-1 Topology and wiring for emergency stop, safety door and start confirmation
functions
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e Topology and wiring for the SAFETY interface of IRCB501 series controller (with safety expansion card) -
using internal power supply:

Hand-held

Internal +24 VDC
SAFETY
A1 AD E-STOP 124/ Hand-held teach pendant @
T BO E-STOP 2.2/ aviation connector

I__c Al_E-STP 11 —— 1 L
A2 ESTOP 12 »

[ 51 ESTP 2 L
- B2 E-SOP 22 _ |

switch (customer)

External lil . 1
| emergency stop B © 7

| o [ f —
| | E-STOP_GND B = { Emergency stop
— Q%

trigger signal
= - |

]
A B3 E-STOPFOY2 R |
e

ﬂ‘i A3 E-SIOPRDY 1

I

— i~
—P | A4 E-SOP_GND E-SIP_GND ﬁ ’(. 4 !
| e s | ¢—td]os esorow r .
(if needed, on-site wiring: A2/B2 to
L smsreoramminanos | || |

X0A

0B
Q@ | XA
@ | xB
Q| xA
@ | xs8
Q| xA Safety DI of safety expansion card
@ | xB
Q| A
@ | B
Q| xA
@ | xsB
@ | XA
= STO logic circuit
Q| XA
@ | xB

—f_ Qns

ESOUT

AD E-STCP _ OUTOA
’ Safety DI (customer)/External actuator (customer) | E-SIOP__ OUTO0B

Al E-SIOP__ OUT1A
|Safety DI (customer)/External actuator (customer) B1 E-SIOP _ OUTIB 1

E-SIOP12

E-STOP22

External safety door switch

External +24 VDC

| Safety door

A9

trigger signal

To
'_‘l,_:; o _&'—ﬁzi. Safety door
I

] ~ !
% - N H:(

L S—

O
J; O
External start confirmation switch  External power
% supply GND Start confirmation
¢ N Fr=(]
-

] o _éi L Start confirmation
—‘j trigger signal

B7
S B

B5
2 J,—%—#_ﬁi |

External power
supply GND

External +24 VDC B9

Figure 3-1-2-3-4-3 Topology and wiring for the external emergency stop switch, external safety door,
external start confirmation and teach pendant/controller emergency stop status output
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Topology and wiring for the SAFETY interface of IRCB501 series controller (with safety expansion card) -
using external power supply:

Hand-held
teach pendant
lemergency stop

Internal +24 VDC
SAFETY
External +24 VDC ———
rh1A0 ESTP 124 Hand-held teach pendant | D
BO E-STOP 2 24/ aviation connector
Al__E-STOP 11 — —— |
o
A2 E-STOP 12 1 |
ESTP 21 [
-STOP ¢
v1B2 E 22 |
External e -
emergency stop —é! oA
switch (customer) =
Q| E-SIOP_GND |
Extemal +24 VDC Q7 | l Controller

i lemergency stop
E-STOP_GND = Emergency stop

| ¢ I trigger signal
: A3 _E-SOPROY1 &, ) V]
E-STTP_GND ﬂti\{ .

F—_————— — ~| A4 E-SIOP_GND E-STOP_GND ﬁti_ _ ]

Customer on-site wiring for teach pendant 4 E-SOP L
emergency stop status (if needed, on-site wiring: CHIERESOR CAD
A2/82 1o any safety DI, and A4/B4to GND_S) |

[k

Safety DI (customer)/Extemal actuator (customer)

EEEEREEREEREENEREE

STO logic circuit

(2]
z
o
“n

ESOUT

Safety DI (customer)/External actuator (customer)

Al _ESIP_ OUTIA

Safety DI (customer)/External actuator (customer) B1 EMT—\YI

External safety door switch

External +24 VDC

_| Safety door

A9

- Fr=(]
o - Safety door

trigger signal

e

O e i P P =

\L 1% 1t

External start confirmation switch ~ Extemnal power
supply GND

Start confirmation

External +24 VDC

E-—J T < 4 I
—]

_j)_ trigger signal
] =
] . (]
BS I'—R-l L
- d
External power
supply GND

Figure 3-1-2-3-4-3 Topology and wiring for the external emergency stop switch, external safety door,
external start confirmation and teach pendant/controller emergency stop status output
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3.2 Installing Expansion Card

This chapter describes the installation of all expansion cards compatible with the robot controller series. To

install the functional safety expansion card, refer to the following steps.

& CAUTION

¢ Disconnect the external power supply of the system before removing/installing the expansion card. If
the power supply is not disconnected, it may cause damage to the controller and failure of the

expansion card.
¢ Unplugging the functional safety expansion card when it is powered on results in loss of safety

functions.

Operation steps for IRCB501 series

1. Remove the screws fixing the dummy panel of card slot with a Phillips screwdriver, and then remove the

panel.

2. Align the expansion card with the card slot, insert it, and then tighten the expansion card with a Phillips

screwdriver.

Operation steps for IRCB501 high protection series

1. Open the top cover of the controller.
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When installing the expansion cards, the expansion cards must be inserted sequentially according to
the order of the control board, No. 1 - No. 4, otherwise it will cause the controller to alarm and fail to

function properly.

2. The controller provides four card slots each identified by a number. The expansion cards must be inserted
in order, as shown below.

Expansion card not
connected in sequence

CREERERES

X

(i) NOTE

o If the slot #1 is vacant, insert the expansion card into slot 1 first.
o Card #2 can be inserted only if a card already exists in slot #1.

o Recommended card insertion priority for slots #1 to #4: DI > DO > Encoder > IR-Link > PROFINET >
Functional Safety. Insert expansion cards in order according to this priority based on the currently
available cards.

For example, if you need to insert a PROFINET card, a DO card, and an IR-Link card, the insertion order
is: DO in slot #1, IR-Link in slot #2, and PROFINET in slot #3.
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IR-Lin DO
DG DI
DI IR-Link

9, ®

The IR-Link card must be inserted after the DI, DO, and encoder expansion cards. When using only the IR-
Link card, it must be inserted in slot #1. Otherwise, it will not function properly.

IR-Lin DO
DG DI
DI IR-Link

9, ®

e The PROFINET card and functional safety expansion card must be mounted after the DI card, DO card,
encoder card, and IR-LINK card.

« When only PROFINET card and functional safety expansion card are used, there is no limit on the order
of slots in which they are mounted.

e Only one functional safety expansion card can be inserted per controller.

The table below lists the robot expansion card models:

Order number Model Name Software configuration

IRCB501 series I/0 expansion card
01650027 IRCB501-0016ETNDBD . 0016
with 16 NPN outputs

IRCB501 series I/0 expansion card
01650026 IRCB501-1600ENDBD 1600
with 16 inputs

IRCB501 series 2-channel
01650025 IRCB501-2ENID-BD incremental encoder expansion 2ENC
card
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Order number

Model

Name

Software configuration

IRCB501 series PROFINET

card

01650028 IRCB501-2PN-BD ) PROFINET
expansion card
IRCB501 series IR- Link expansion | Subject to the model of
01650029 IRCB501-6LDI3-BD
card external expansion card
Robot functional safety expansion
01650030 IRCB501-FS-01-BD -

3.3 Safety DI of Safety Expansion Card

This chapter provides the wiring instructions for the Safety DI. The implementation of functional safety

should be based on this chapter in combination with other related chapters.

3.3.1 Terminal Assignment

The safety DI terminal assignment of the safety expansion card is shown below:

YOA Y1A Y2A Y3A Y4A XOA X1A X2A X3A X4A XSA X6A XT7A GND_S GND_E

Onnnnnnnnnnunnnnno

oS -BD-::J uﬂoEnEoﬂnEuEaEuEnEuEnEnquoEuEn |=

YOB Y1B Y2B Y3B Y4B X0B X1B X2B X3B X4B X5B X6B X7B GND_E 24V_E

Assignment I/0 number Assignment 1/0 number Terminal
X0A DIOA X0B DIOB
X1A DITA X1B DI1B
X2A DI2A X2B DI2B
X3A DI3A X3B DI3B
Safety input DI
X4A DI4A X4B DI4B
X5A DI5A X5B DI5B
X6A DI6A X6B Dl6B
X7A DI7A X7B DI7B
GND_S Common terminal of safety DI

For details on the safety DI wiring diagram, see the 3.4.3 Wiring Procedure and Topology Diagram section.
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3.3.2 Terminal Specifications

The safety DI specifications are as follows:

Item Specification
Number of channels 16 channels (X0A to X7A and X0B to X7B)
Input type Sourcing type (PNP)
Max. input voltage 30V
Input Impedance > 4kQ
Input voltage when input is ON 18 VDCto 30 VDC
Input voltage when input is OFF 0VDCto 3VDC
Hardware response time ON/OFF: 250 ps/250 pus
Frequency range 1 kHz

3.3.3 Wiring Procedure and Topology Diagram

Wiring rules

The terminal GND_S is the common terminal for the 16-channel safety DI input. When GND_S is connected to
0V and the X*A/X*B is connected to 24V, the safety DI input signal is active (the on-board optocoupler is
turned on; GND_S must be connected to 0V only). Therefore, the safety DI input signal supports only PNP-
type output I/0 devices (customer).

Regarding the description of PNP-type output and NPN-type output for I/0 devices (customer), see the
following (for the specific output type of the 1/0 device, consult the corresponding 1/0 device manufacturer):

e PNP type (source type) output (positive common terminal)

The load current flows from the output (Y) terminal, and such output is called a PNP type output, which is a
high-level output. See the figure below:

Load \
[ 1
| Y
N\ -
I 24V

Fuse
DC power supply
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PNP output
¢ NPN type (sink type) output (negative common terminal)

When the load current flows into the output (Y) terminal, this type of output is called an NPN type output,

which is a low-level output. See the figure below:

Load |
Y
L
N
[ } | oV

Fuse  pc power supply

NPN output

& CAUTION

« NPN outputis low level, while PNP output is high level.

e The terminal GND_S is the common terminal for the 16-channel DI input. When GND_S is connected to
0V and the X*A/X*B is connected to 24V, the input signal is active (the on-board optocoupler is turned
on; GND_S must be connected to 0V only). Therefore, the DI input is connected to the PNP-type output I/

O devices.
« When the emergency stop signal (A2/B2 signal output) of the teach pendant/controller is connected to

the safety DI, it is prohibited to connect the A2/B2 signal in parallel or series to multiple different safety
Dl inputs. Connecting them to multiple DI inputs at the same time will cause functional failure.

Wiring diagram
Here we take X0A and X0B as an example (X1A to X7A and X0B to X7B are the same as X0A). Itis
recommended to use an external 24 V power supply.

Due to functional safety requirements, dual input circuits are required for connection of load. For example,
X0_A and X0_B are in one group. If only X0_A is connected, an alarm occurs. If an external 24 V power supply
is used to power DI and the DO function is not needed, then 24V_E and GND_E connections are optional. If

the DO function is needed, it is necessary to perform wiring according to the DO wiring instructions.

When the host controller provides relay output, the wiring is shown below:

-72-



Wiring and Installation

External +24 VDC

Safety DI of safety expansion card

1

Relay

% X0B
Relay R AV > (
— ] 3
X1A-X7A D>
X1B-X7B »>
GND_S <L

|

External 0 VDC

(i) NOTE

If on-site monitoring of the relay (customer) status is required, the safety DI dual-channel must be
connected to the feedback signal of the relay (customer), and the safety DI should be configured as "relay
status monitoring". For the configuration of the safety DI, see the corresponding section. To complete the
corresponding wiring of the relay (customer), see the 3.4.3 Wiring Procedure and Topology Diagram

section for wiring details. When on-site wiring is required to monitor the status of the relay (customer),
note that the safety DI will be occupied. Meanwhile, the relay (customer) must meet relevant safety

standard requirements.

When the host controller provides open-collector output, the wiring is shown below:
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External +24 VDC

Safety DI of safety expansion card

External PNP-type

output interface X0A

I

External PNP-type
output interface X0B
R zu!t(
—L__f r
X1A-X7AD)
X1B-X7B >>
GND_S | Y

| b

External 0 VDC

(i) NOTE

When the emergency stop status output of the teach pendant/controller is required on site, the following
wiring must be performed on site: Connect the A2/B2 signal to any group of safety DI on the safety
expansion card, and connect the A4/B4 signal to the GND_S on the safety expansion card. At the same
time, perform the necessary safety configuration in the safety I/0 configuration. For details on safety I/0
configuration, see the 4.2 Safety 1/0 section and observe the corresponding wiring notes.

Topology and wiring for the SAFETY interface/safety DI

This subsection introduces the topology and wiring for the SAFETY interface/safety DI of IRCB501, IRCB501
high-protection, IRCB501-EM, and IRCB501-EM high-protection series controllers.

Before wiring according to the following topology and wiring diagram for the SAFETY interface/safety DO,
read all the precautions in the 3 Wiring and Installation section.

(i) NOTE

The ESOUT interface (emergency stop switch status function) for user I/0 is not reflected in the topology
and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection series

controllers. For detailed wiring, see the 3.1.2.3.4 Topology and Wiring for Emergency Stop, Safety Door, and
Start Confirmation Functions section.
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e Topology and wiring for the SAFETY interface/safety DI of IRCB501 series controller (with safety expansion

card):

Customer on-site wiring for teach pendant
emergency stop status (if needed, on-site wiring:
A2/B2 to any safety DI, and A4/B4 to GND_S)

Customer wiring
Emergency stop signal (customer safety DO output)

Hand-held

o
Internal +24 VDC
SAFETY
[ ]A0 E-STOP 1_24V [}
| { [BOE-STOP2 24V ™ |
A1 E-STOP 11 3 [FE-STOP 1 |
A2 E-STOP 12 4 E-STOP 12) Dl
B1E-STOP 21 5 | | [E-STOP 21 T
B2 E-STOP 22 6| | |E-STOP 22 |
A3E-STOPRDY1 R r N
E-STOP_GND = Emergency stop
trigger signal
x ind-held
B3E-STOPRDY2 R e i

b| xoA

X0B
X1A

/External emergency stop switch (customer)

X1B

0V (customer) —————————

External safety door switch

External
+24 VDC
@

X2A
X2B

X38
X4A
X48
X5A
X58
X6A
X68
X7A
X78
GND_S

Y2A

Y3A
Y38
Y4A
Y48
24V_E
GND_E

| Safety door

3
{1 -
tp |A4 E-STOP_GND E-STOP_GND &S
+——< |B4 E-STOP_GND

X3A  Safety DI of safety expansion card

Y2B  Safety DO of safety expansion card

i

A7

A9
Aﬁ—@

External start confirmation switch L—-O

A5 R

External powel
supply GND Start confirmation

External
+24 VDC
@
l_)'
—

External power
supply GND

|B9
| . a
o187
J,__Css & l

STO
logic
circuit

STO
logic
circuit

Safety door
trigger signal

Start confirmation
trigger signal

A3

Topology and wiring for the SAFETY interface/safety DI of IRCB501 series controller (with safety

expansion card)
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Topology and wiring for the SAFETY interface/safety DI of IRCB501 high-protection series controller (with
safety expansion card):

Robot controller
emergency stop
switch (built-in) Hand-held

e
Q Internal +24 VDC
oV SAFETY

[ ]A0 E-STOP 1_24V
BO E-STOP 2_24V hid
/A1 E-STOP 11 [ 1E-STOP 11 1]
|A2 E-STOP 12 E-STOP 12|
B1 E-STOP 21 E-STOP 21
B2 E-STOP 22 E-STOP 22|

|A3 E-STOP RDY 1 L [
E-STOP_GND Emergency stop
Customer on-site wiring for teach pendant/controller emergency stop status trigger signal
(if needed, on-site wiring: A2/B2 to any safety DI, and A4/B4 to GND_S) B3 E-STOP RDY 2 Hand el

lteach pendant

b--no-t-

o [ [ jw

/A4 E-STOP_GND E-STOP_GND
B4 E-STOP_GND

[PNP.NN

X0A

Customer wiring X0B

Emergency stop signal (customer safety DO X1A STO

output)/External emergency stop switch (customer) X18 logic
X2A

X28 circuit

0V (customer) ————————— :;: Safety DI of safety expansion card

XaA

XaB

XSA

X5B

X6A

X6B

X7A

X78

GND_S

Y2A
Y2B  Safety DO of safety expansion card
Y3A
Y3B
YaA STO

External Y4B logic
+24VDC 24V E circuit
Q GND_E

External safety door switch

T - | Safety door
A9

[ o Safety door
[ | | trigger signal
A7

AS R -

External start confirmation switch ro-

External powe!
External
+24yDC  SUPPly GND Start confirmation
o 4 Ve

|
1
I
|

B9
-

[ ° Start confirmation

trigger signal

| o

Lo+
fa
External power
supply GND

Topology and wiring for the SAFETY interface/safety DI of IRCB501 high-protection series controller

(with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501 series

controller (with safety expansion card):

Internal +24 VDC

/A E-STOP 1_24V
BO E-STOP 2_24V

/A1 E-STOP 11

™

Hand-held
teach pendant

E-STOP 11

|A2 E-STOP 12

E-STOP 12|

B1 E-STOP 21

E-STOP 21

B2 E-STOP 22

o || & [w

E-STOP 22|

Customer wiring

|A3 E-STOP RDY 1 R

Customer on-site wiring for teach pendant
emergency stop status (if needed, on-site wiring:
A2/B2 to any safety DI, and A4/B4 to GND_S)

E-STOP_GND i%tg

Emergency stop
trigger signal

Relay 1 (customer) feedback

contact signal (if needed)

Relay 1 (customer) main

Relay 2 (customer) feedback
contact signal (if needed)

contact signal Relay 1

(customer)

Relay 2
(customer)

Relay 2 (customer) main
contact signal

Relay (customer) coil
positive signal (if needed)

+24 VDC (customer)

0V (customer)

External safety door switch

External
+24VDC

b xoA

X0B
X1A
X1B
X2A
X2B
X3A
X3B
X4A
X48

/A4 E-STOP_GND
B4 E-STOP_GND

B3E-STOPRDY2 R
i .
L E-STOP_GND 5%- g

Safety DI of safety expansion card

Safety DO of safety expansion card

A7

STO
logic
circuit

STO
logic
circuit

Safety door
trigger signal

External
+24VDC

TO-

External power
supply GND

AS

B9

Start confirmation

l

o

External power
supply GND

)

+O-

Start confirmation
trigger signal

Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501 series

controller (with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501 high-
protection series controller (with safety expansion card):

Robot controller
y stop

switch (built-in) athpandant

Internal +24 VDC
Oy  SAFETY I
H [ JAOE-STOP1_24V. (<)
I
I
T
T

| BOE-STOP2 24V | i

. [ § [a1€-sTOP 11 [ 1E-STOP 111
) |A2 E-STOP 12 E-STOP 12|

. 1 B1E-STOP 21 E-STOP 21

[
B2 E-STOP 22 E-STOP 22) |

|A3 E-STOP RDY 1 &: L L
o
Customer on-site wiring for teach pendant E-STOP_GND i Emergency stop
emergency stop status (if needed, on-site wiring: trigger signal o
A2/B2 to any safety DI, and A4/B4 to GND_S) B3 E-STOP RDY 2 =

teach pendant
™

o o [s |w

L
—F |A4 E-STOP_GND E-STOP_GND
0 B4 E-STOP_GND
Customer wiring

Relay 1 (customer) feedback b| xoA
contact signal (if needed) X0B

X1A STO

X1B logi
0gic

Relay 2 (customer) feedback X2A cils:uit

contact signal (if needed) Xx28

X3A  Safety DI of safety expansion card

Relay 1 (customer) main :3:

contact signal Relay 1 Relay 2

X4B
(customer) (customer) X5A

X58
X6A
X6B
X7A
X78
GND_S

Relay 2 (customer) main
contact signal

Relay (customer) coil
positive signal (if needed) GND_E

+24 VDC (customer) VA
0V (customer)

Y2B  Safety DO of safety expansion card
Y3A

External safety door switch Si STO

External Y4B logic
+24 VDC to | 24V_E circuit
Q GND_E

I
|- | safety door
LT A9
1
[ ’ o Safety door
(& | trigger signal

A7

External start confirmation switch O

External power

£\ | External

+z:\r1rgc supply GND Start confirmation
Q| T

B9

— | ® = .
Start confirmation
trigger signal

[¢]

o
—
External power
supply GND

Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501 high-

protection series controller (with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection

series controllers (with safety expansion card) - using internal power supply:

Hand-held
teach pendant
lemergency stop

SAFETY Internal +24 VDC
] A0 E-STOP1 24/ Py Hand-held teach pendant o
T BO E-SIOP2 24/ aviation connector
| ¢ Al__E-SIOP11 b
A2 E-SOPI2 d X
B1 E-STOP21 b
B2 E-SiOP22
External R - L
emergency stop — o
switch (customer) b
E-STOP_GND |
l Controller
)] T lemergency stop
| E-STOP_GND B - <:, Emergency stop
trigger signal
L A3 E-STPROY1 R L [©)
-
| E-STOP_GND f*‘{ |
~o ¢ |
B3 E-STPROY2 R
1 Wi 1
1O | A4 E-STP_GND E-STOP_GND ﬁ - ( | ]
Customer on-site wiring for teach pendant O | B4 E-SIOP_GND -
emergency stop status (if needed, on-site wiring: 1
A2/B2to any safety DI, and A4/B4 to GND_S) i
X0A
X8
I XIA
Safety DI (customer)/External actuator (customer) X8
I
Customer wiring ov Q| XA
(customer) @ | xB
O | xA
Q| X8
Q| ¥
@ | xaB  Safety DI of safety expansion card
Q| XA
Q| X8
D | XA
O | X8
Q| XA
O | xm
GDS
(0] enE
D | Y STO logic circuit
Q| yB
Q| A
O | e
Q| YA
@ | YB  Safety DO of safety expansion card
Q| vA
Q| =
Q| YA
Q| 8
External safety door switch Q| 4E
Q | GQDE
External+24 VDC Safety door
@ —=
oA _
—H - H=(
—— -
_Y_ o Safety door
trigger signal
| )_J A7 .
| s | &4
a $ o L
External start confirmation switch ~ External power
supply GND Start confirmation
Extemnal +24 VDC B9
o F=(
=
] o) _ii Start confirmation
’_‘lk P trigger signal
B7
I A PO 254
BS
Il g LT
External power
supply GND

Topology and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection
series controllers (with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection
series controllers (with safety expansion card) - using external power supply:

__Coniroller

Hand-held
teach pendant
‘emergency stop)
Intemal +24 VDC
SAFETY -
External +24VDC ~——|
_;_AD_E_-M 24 Py Hand-held teach pendant O
BO _E-STP2 24V aviation connector

Al__E-SIP11 1 '
A2 E-SIOP12 14

External LT L
emergency stop e W— L
switch (customer) -
E-STOP_GND |
Extenal Q e
+24VDC L
Q7 B" ( emergency stop|
E-STOP_GND - Emergency stop

A3 E-STOPROY1 =

trigger signal
O

m

:

3

k

il
|

.

oY Y YT

LI . I
1P| A4 ESTRPGND E-STOP_GND ﬁ’ (
Customer on-site wiring for teach pendant »——O | B4 E-STOP GND - T
emergency stop status (if needed, on-site wiring: T -
A2/B2to any safety DI, and A4/B4 to GND_S) 1
X0A
X0B
[ XIA
Safety DI (customer)/External actuator (customer) 1[ XIB
Customer wiring ov AR
(customer) D | xB
XBA
D | xB
D | xaa Safety DI of safety expansion card
O | x8
b | xsA
O | xB
D | XA
@ | x8
b | xA
O | xm
7] eos
Q| GNDE
Q| yvoa STO logic circuit
Q| yoB
D | va
Q| viB
Q| va
Q| w8 Safety DO of safety expansion card
Q| va
Q| B
Q| wa
O | v
Extemnal safety door switch Q| 24
2] wer
% External +24 VDC safety door
@ e
A9 L
H 3=
— ] of N | s
rigger signa
i . .
| B
a J7 AS é L

External start confirmation switch ~ External power

supply GND Start confirmation

External +24 VDC

- ° _‘—i—,—ﬁ = <:- Start confirmation
trigger signal
o L

_J

N— 4—é—D

External power
supply GND

Topology and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection
series controllers (with safety expansion card)
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e Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501-EM and

IRCB501-EM high-protection series controllers (with safety expansion card) - using internal power supply:

Customer wiring

Relay 1 (customer) main
Sontactsignal |

contact sign:

Relay 2 (customer) main

Relay 1
(customer)

(customer)

+24VDC (customer)

0V (customer)

Hand-held
teach pendant
SareTy Internal +24 VDC %
walll [l Mand-held teach pendant @
T B0 ESOP2 24/ aviation connector |
i Al__ESOP1T ] £
R _ESOP12 )
Bternal
‘emergency stop [ g1 EFwA I
B2 ESOP2
Q7 E-SKP_GND
——
Contraler
~c
ESTP_GND Emergency stop
trigger signal
A3 E-STPRON R [V
Customer an-site wiring for teach pendart E-StP_GND —+ ‘
emergency stap status (if needed, on-site wiring: ]
A2/82 to any safety DI, and A4/84 to GND ) O oo i
TP | M esce_GND E-STP_GND a — 1
+—+0 | B4 EsTP_GND LH
Relay 1 (customer) feedback T3] woa
contact signal ( needed) 08
XA
X8
XA
Relay 2 (customer) feedback o
cortactsignal (if needed)
A
%8
A
w8 Safety Dl of safety expansion card
A
8
A
8
XA
X8
@os
Relay (customer) cail — =
positive signal (if needed) @oE
YA
YoB
A
vie
A
9 : Safety DO of safety expansion card
e
9| v
vag
External safety door switch P | 20E
@oE
? Extemal + 24V0C oo
) _ISheyocs
a0
4= 2| 7
I o Safety door
trigger signal
a7
| | e
na| o o125 J
External start confirmation switch  Extemal power
PPN | part confirmation
External +24 VOC B0
(V] . =
oo ° Start confirmation
[ trigger signal
l [
— | =
L] loles -
External power T

supply GND

Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501-EM and

IRCB501-EM high-protection series controllers (with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501-EM and
IRCB501-EM high-protection series controllers (with safety expansion card) - using external power

supply:

Hand-held
teach pendant
Internal +24 VDC 20
SAFETY A
4 VDC
($1A0_E-StR1 2w Hand-hedtesch pendant | D
BO__ESIOP2 24/ aviation connector |
Al _ESIOP11 &1 o
R _ESTP12 hill|
External Exemnal 81 _ES®2 |
+24VDC  emergencystop B2 ES®2 |
D é E-SKP_GND
—
| ot
ESIP_GND Emergency stop
trigger signal
a3 Lol O
Customer on-site wiring for teach pendant . |
emergency stop status (if needed, on-sitewiring: g
A2/B2 to any safety DI, and A4/B4to GND_S) |
83 ESOPRIV2 |
TP | A4 esor_GND E-SCP_GND ]
t—t | 84 ESTOP_GND T
Customer wiring a
Relay 1 (custome) feedback [H] o
contactsignal (if needed) ey
XA
X8
Relay 2 (customer) feedback =
contact signal (if needed) xR
A
8
Relay 1 (customer) main 7
contact signal Relay 1 Relay 2
T ——— () X Safety Dl of safety expansion card
XA
X8
XeA
Relay 2 (customer) main e
contact signal XA
xm
@0s
S ISTO logic circuit
Relay (customer) coil -
posttive signal (if needed) @OE
YA
o8
VA
424 VDC (customer) vie
0V (customer) yoa  Safety DOofsafety expansion card
8
BA
8
iA
w8
External safety door switch Q| 20
P | @oe
? Extemal +24 VDC —
- afety door
@ s
29
| -
o =
= | o %—@ safety door
trigger signal
| ~
| | B
n'a L_C 5 =
switch  External power
supply GHD Start confirmation
External +24 VDC. B9
°L] - [Fy=
[~ ° triggersignal
87
o
= wl o =
0 L—-C 2

Topology and wiring for the SAFETY interface/safety DI (relay status monitoring) of IRCB501-EM and
IRCB501-EM high-protection series controllers (with safety expansion card)
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3.4 Safety DO of Safety Expansion Card

This chapter provides the wiring instructions for the Safety DO. The implementation of functional safety

should be based on this chapter in combination with other related chapters.

3.4.1 Terminal Assignment

The safety DO terminal assignment of the safety expansion card is shown below:

YOA Y1A Y2A Y3A Y4A XOA X1A X2A X3A X4A XSA X6A XT7A GND_S GND_E

IRCESO1-=Jnunonuaununnuonnl:
7 \F$-01-8D)|

Onnnnnnnnnnunnnnno

YOB Y1B Y2B Y3B Y4B X0B X1B X2B X3B X4B X5B X6B X78 GND_E 24V_E

Assignment I/0 number Assignment 1/0 number Terminal

YO0A DOOA YOB DOO0B
Y1A DO1A Y1B DO1B
Y2A DO2A Y2B D0O2B Safety output DO
Y3A DO3A Y3B DO3B
Y4A DO4A Y4B DO4B

24V_E External power supply interface of DO circuit, with built-in overvoltage and

GND_E overcurrent protection circuit

For details on the safety DO wiring diagram, see the 3.3.3 Wiring Procedure and Topology Diagram section.

3.4.2 Terminal Specifications

The safety DO specifications are as follows:

Iltem

Specification

Number of channels

10 channels (YOA to Y4A and YOB to Y4B)

Output mode

Sourcing type (PNP)

Operating voltage range

0VDCto 29 VDC

24V_E and GND_E power supply

24V£20%/3 A

Resistive output load

0.3 A/point
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Item

Specification

Hardware response time

< 300 ps (from OFF to ON), 300 ps (from ON to OFF)

Leakage current

Max. 350 pA, 24V

Short circuit protection

Overcurrent protection (0.4 A)

Output frequency

1 kHz

3.4.3 Wiring Procedure and Topology Diagram

A CAUTION

e 24V_E/GND_E must be connected to 24 V power supply to ensure that the DOs work properly.

e If an external 24 V power supply is used, connect the positive and negative terminals of the external
power supply to 24V_E and GND_E terminals respectively. Note that the maximum driving current for
each DO is 0.3 A. If the single output current exceeds 0.4 A, an over-current alarm occurs.

e Do not short-circuit outputs directly to +24 V.
e Do not connect outputs to 0V and GND_E to +24 V of the power supply.
¢ The input voltage of the external power supply should be less than 29 V.

Failure to follow the above precautions may damage the circuit or cause the safety DO to fail to output.

Wiring of the power supply

Here we take YOA and YOB as an example (YTA to Y4A and YOB to Y4B are the same as YOA). Itis
recommended to use an external 24 V power supply. Due to functional safety requirements, dual output

circuits are required for connection of load. For example, YO_A and YO_B are in one group, as shown in the

figure below:

External +24 VDC Safety DO of safety expansion card
T 24V_E _
YOA
Load
YOB :
Load
YIA-Y4A <
Y1B-Y4B<
GND_E

v

External 0 VDC
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Wiring example

e When driving an inductive load:

(i) NOTE

¢ When the inductive load is applied, stopping the load will produce a large back EMF between contacts,
accompanied by arc discharge. This may result in contact failure or sag, shortening the contact lifetime.

Therefore, it is necessary to connect a flywheel diode in parallel with the load to extend the product
lifetime.

o |If the safety DO is connected to a relay (customer), when monitoring of the relay (customer) status is
required, see the 3.4.3 Wiring Procedure and Topology Diagram section.

The flywheel diode must meet the following requirements:
o Reverse voltage: 5 to 10 times the load voltage
o Forward current: greater than the load current

The correct wiring is shown in the figure below:

External +24 VDC Safety DO of safety expansion card
T 24V_E .
YOA
-
Relay )[%
YOB
N
Relay )%
YIAYAA<
YIB-Y4B<
GND_E
~
External 0 VDC

The incorrect wiring is shown in the figure below:

1. Either circuit is not connected to a relay or both circuits are not connected to a relay:
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External +24 VDC

:

24V E

Wiring and Installation

Safety DO of safety expansion card

Relay EE

B

Relay not RN
connected “ \( /'

YOB

Y1A-Y4A<
Y1B-Y4B<

v

External 0 VDC

GND E

2. The polarity of the freewheeling diode of either relay is incorrect or the polarity of the freewheeling diode

of both relays is incorrect:

External +24 VDC

;

24\ E

Safety DO of safety expansion card

Relay EE%

YOA

A\
Relay EE% /i @

YOB

v

External 0 VDC

When driving an optocoupler load:

Freewheeling Y1A‘Y4A<
eversea ™/ Y1B-Y4B<
GND E
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External +24 VDC Safety DO of safety expansion card
T 24\ E ~
YOA
_ ]
Photocoupler ): {
YOB
I 1
Photocoupler }: {
YTA-Y4A <
Y1B-Y4B <
GND _E
External 0 VDC

Topology and wiring for the SAFETY interface/safety DO

This subsection introduces the topology and wiring for the SAFETY interface/safety DO of IRCB501, IRCB501
high-protection, IRCB501-EM, and IRCB501-EM high-protection series controllers.

Before wiring according to the following topology and wiring diagram for the SAFETY interface/safety DO,
read all the precautions in the 3 Wiring and Installation section.

(i) NOTE

The ESOUT interface (emergency stop switch status function) for user 1/0 is not reflected in the topology
and wiring for the SAFETY interface/safety DI of IRCB501-EM and IRCB501-EM high-protection series
controllers. For detailed wiring, see the 3.1.2.3.4 Topology and Wiring for Emergency Stop, Safety Door, and

Start Confirmation Functions section.
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Topology and wiring for the SAFETY interface/safety DO of IRCB501 series controller (with safety
expansion card):

Hand-held
Controller teach pendant

Internal +24 VDC
SAFETY I
[J]ADE-STOP 1 24V ¥

BOE-STOP2 24V | hi

[E1E-STOP 1147
E-STOP 12|

‘ [ 1 E-STOP 11

| la2E-sTOP 12
] [ B1 E-STOP 21 E-STOP 21
| /B2 E-STOP 22 E-STOP 22

E-STOPRDY1 B L L
I E-STOP_GND = Emergency st
Customer on-site wiring for teach pendant a2 d trigg'grsi;ynalop
emergency stop status (if needed, on-site wiring: P
A2/B2 to any safety DI, and A4/B4 to GND_S) LElSRan e i, ~ jmach pendarc
—b A4 E-STOP_GND E-STOP_GND =
+—1 |B4 E-STOP_GND

X0A
X08
X1A sTO
Xx18 4
XA pooic
X28 circuit
X3A  Safety DI of safety expansion card
X38

XaA

X4B

b s

frale==
=

] [ L

Customer wiring 4
Safety DI (customer)/External
actuator (customer)

+24VDC Y18
ov

Y28 safety DO of safety expansion card
External safety door switch
ty o sTO

External Y4B lggicA
+24VDC Lt | 24vE circuit
[©) GND_E

}}\/\

|
. Safety door
LT A9
i .
= ° R - safety door
xapyl trigger signal

A7
Externalstart confimation switch  ——0 LU AEE’

External power
External
+24VDC  SUPPly GND Start confirmation
Q| T I

(I [ ° ’ R ‘**: }stan

! trigger signal
— 87
= 85 =
o
External power
supply GND

Topology and wiring for the SAFETY interface/safety DO of IRCB501 series controller (with safety

expansion card)
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e Topology and wiring for the SAFETY interface/safety DO of IRCB501 high-protection series controller (with

safety expansion card):

Robot controller

emergency stop
switch (built-in) ‘Hand-held
e e
Internal +24 VDC
Q7 SAFETY
[JA0E-STOP1_24V (V)
BOE-STOP 2 24V | i !
A1 E-STOP 11 3 [fESTOP 1] |
|A2 E-STOP 12 4 E-STOP 12| ]
) B1 E-STOP 21 5 E-STOP 21, [
| B2 E-STOP 22 6 | | [E-STOP 22 |
[ |A3 E-STOP RDY 1 r] Pl
E-STOP_GND. = Emergency stop
Customer on-site wiring for teach pendant/controller trigger signal
emergency stop status (if needed, on-site wiring: [ Hand-hetd

A2/B2to any safety DI, and A4/B4 to GND_S)

|
[PNPNPN

b| x0A

Customer wiring | .y by (customer)/External

XoB
X1A
X1B
X2A
X2B

X3B
X4A
XaB
X5A
X5B
X6A
X6B

actuator (customer)

+24 VDC (customer)

0V (customer)

External safety door switch

External
+24VDC
[

Y3A
Y38
Y4A
Y4B
L1 |2avE
GND_E

B3 E-STOP RDY 2 R
\A4 E-STOP_GND E-STOP_GND
B4 E-STOP_GND

X3A  Safety DI of safety expansion card

Y2B  safety DO of safety expansion card

| Safety door

A9
—&—@_
o

STO
logic
circuit

STO
logic
circuit

Safety door
trigger signal

External start confirmation switch

A7
i‘l——@
o A5 J

Extemal power
External
+24vpC  SUPPly GND Start confirmation
(V]

|
s
1
I
)

o8 -
=
o
87

—
External power
supply GND

O+

Start confirmation
trigger signal

Topology and wiring for the SAFETY interface/safety DO of IRCB501 high-protection series controller

(with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DO of IRCB501-EM and IRCB501-EM high-protection
series controllers (with safety expansion card) - using internal power supply:

Hand-held
teach pendant
emergency stop
SAFETY Internal +24 VDC
] A0 E-SIOP1 24V Hand-held teach pendant @
T BO E-SIOP2.24V aviation connector
4 Al__E-SIOPT1 L
A2 E-STP12 ] r |
B1__ E-SIOP21 ]
B2 ESOP22 N
External E _ L] -

N

Controller
©) emergency stop
=
| e g
e

R : trigger signal @CE
E-STOP_GND E:{_ |
ESOPRO2 R l 1

E-STOP_GND E-STOP_GND
E-STOP_GND T

emergency stop 0
switch (customer) E-SIOP_GND E = (

|

b b
[
=
bl
Ll

Customer on-site wiring for teach pendant
emergency stop status (if needed, on-site wiring: _—
A2/B2 to any safety DI, and A4/B4 to GND_S)

@
E

Safety DI of safety expansion card

EEEEEE LR EL R R L L]

ov S
- —— STO logic circuit
Customer wiring @ | anE
@ | YOA
Safety DI (customer)/External actuator (customer) » o8
YA
+24 V (customer) @ | B
0V (customer) —— YA
Y28 Safety DO of safety expansion card
G| A
Y38
q YaA
& | vaB
Extemal safety door switch P | 24E
G\DE
Exte 1 +24 VDC
ernal+; Safety door
i @ L
A9 L
——F : H=(
Y] o — ————— - Safety door
trigger signal
)_J A7
‘ O =(]
a $ o L
External start confirmation switch External power
supply GND Start confirmation
@ External +24 VDC o B9 L
-
] il =, F=(] —
L Start confirmat
ke »a © trigger signal
B7
—HE B
B
LI J = | L
Extemnal power T
supply GND

Topology and wiring for the SAFETY interface/safety DO of IRCB501-EM and IRCB501-EM high-
protection series controllers (with safety expansion card)
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Topology and wiring for the SAFETY interface/safety DO of IRCB501-EM and IRCB501-EM high-protection
series controllers (with safety expansion card) - using external power supply:

Hand-held
teach pendant
emergency stop
Internal +24 VDC
SAFETY
External +24VDC ~ ———
1 A0 E-STP1 Hand-held teach pendant | @
aviation connector
BO__E-STOP2 24V
Al__E-STOP11 [ ‘;
V| o EsTOP12 14
B1 E-SIOP21 b
B2 ESIOP22
External E = 1
emergency stop s
witch (cust
o, i F=(]
l Controller
External +24VDC ) & - - S
| E-STOP. - Emergency stop
trigger signal
| A3 E-STPROV1 R 1 [©)
~¢ g -
=
E-STOP f* T{ —+
] l_-— 4—3)-4—‘
. | B3 E-STPRDV2 P L
- E— *qu
A4 E-STOP_GND E-STOP_GND e N
Customer on-site wiring for teach pendant O | B4 E-STOP GND =
emergency stop status (if needed, on-site wiring: = -
A2/B2 to any safety DI, and A4/B4 to GND_S) |
J0A
08
q XA
Q| xB
D[ xa
X8
XBA
Q| xB
XA
o | 8 Safety DI of safety expansion card
6A
)58
YA
@ | 8
e XA
Q| xB
ov 10 | aos
Customer wiring —C_ GDE STO logic circuit
—1C YOA
Safety DI (customer)/ External actuator (customer) ': 13 | yos
q YA
+24 V (customer) o | yiB
0V (customer) o v
Q| v
Y3A Safety DO of safety expansion card
| vB
[e YaA
Q| va8
External safety door switch TP | MvE
GDE
External +24 VDC | safety door
@
29
’l be o — Safety door
trigger signal
i (N P
AS
a l}_ o —B
External start confirmation switch Extemnal power
| supply GND o
? Start confirmation
External +24 VD B9
9]
P o —i)i Start confirmation
e P trigger signal
B7
,—y—'-()—J d
na g o185 —

External power

supply GND

Topology and wiring for the SAFETY interface/safety DO of IRCB501-EM and IRCB501-EM high-
protection series controllers (with safety expansion card)
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Safety Functions

4

4.1

Safety Functions

Overview of Safety Functions

Safety Function

Description

Safety 1/0 (ensuring

communication safety)

All safety I/0 are dual-channel. The safety DI can be configured for emergency
stop, protective stop (i.e., safety door), activation of each safety function, and
safety tool mode and number. The safety DO can be configured for emergency
stop status, operation status, stop status, and the status of each safety
function.

Safety low speed
monitoring

A safety monitoring function. When activated, if the Cartesian speed of the
robot exceeds 250 mm/s in manual mode, the function triggers a Category 0 or
Category 1 emergency stop according to the user configuration, and sets an
output signal.

Joint position monitoring

A safety monitoring function. When activated, if the position of any robot axis
exceeds the user-configured range, the function triggers a Category 0 or
Category 1 emergency stop according to the user configuration, and sets an
output signal. You can configure up to eight groups of joint position
monitoring parameters. Each group of parameters can be used to monitor up
to six axes of the robot.

Joint speed monitoring

A safety monitoring function. When activated, if the speed of any robot axis
exceeds the user-configured range, the function triggers a Category 0 or
Category 1 emergency stop according to the user configuration, and sets an
output signal. You can configure up to eight groups of joint speed monitoring
parameters. Each group of parameters can be used to monitor up to six axes of
the robot.

Cartesian position
monitoring

A safety monitoring function. When activated, if the Cartesian position of the
robot exceeds the user-configured range, the function triggers a Category 0 or
Category 1 emergency stop according to the user configuration, and sets an
output signal. You can configure up to 16 groups of Cartesian position
monitoring parameters. Each group of parameters can be used to monitor the
selected robot end monitoring object.

Cartesian speed
monitoring

A safety monitoring function. When activated, if the Cartesian speed of the
robot exceeds the user-configured range, the function triggers a Category 0 or
Category 1 emergency stop according to the user configuration, and sets an
output signal. You can configure up to eight groups of Cartesian speed
monitoring parameters.

Safety tool mode settings

A function that determines the target TCP to be monitored by the safety
module. This function allows you to set the target TCP point to be monitored
during the monitoring process.
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4.2 Safetyl/0

Overview

e Allsafety I/0 are dual-channel. The safety DI can be configured for external emergency stop, external
protective stop, emergency stop, additional emergency stop, activation of each safety function, and
safety tool mode and number.

e The safety DO can be configured for system emergency stop status, emergency stop status, additional
emergency stop status, operation status, stop status, and the status of each safety function.

e To implement the required safety functions, in addition to the corresponding function settings in the
safety I/0 configuration, you also need to complete the corresponding wiring. For details on wiring
methods, see the 3 Wiring and Installation section.

Related parameters

The following table lists the safety 1/0 function parameters.

Name Value range Default Description

NULL

External emergency stop
trigger

Emergency stop trigger

Additional emergency stop
trigger

External protective stop trigger

Joint position monitoring
trigger When the safety Dl is configured as

"Emergency stop trigger", the on-site

Joint speed monitoring trigger
wiring of the SAFETY interface A2/B2

Safety DI | Cartesian position monitoring signal must be connected to any safety
configuration |trigger NULL DI interface of the safety expansion card,
Cartesian speed monitoring and the connected safety DI should also
trigger be configured as "Emergency stop
trigger".

Safety low speed monitoring
trigger

TCP/ECP mode

Relay status monitoring

Tool number Bit0

Tool number Bit1

Tool number Bit2

Tool number Bit3
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Name Value range Default Description
Dual-channel DI inputs must be
synchronized within the DI trigger
threshold. Otherwise, an error will be
reported.

DI trigger Note: When Dl is configured as external
4 ms (default i i
threshold 0 ms to 1000 ms lue) protective stop trigger, external
value
configuration emergency stop trigger, or teach
pendant/controller emergency stop
trigger, a discrepancy between the dual-
channel DI inputs exceeding 6 ms will
trigger a stop.
NULL 1. The safety DO can be configured for
System emergency stop status system emergency stop status,
emergency stop status, additional
Emergency stop status emergency stop status, operation
Additional emergency stop status, stop status, and the status of
status each safety function.
Run status 2. System emergency stop status is the
output of all emergency stop signal
Stop status ) )
states, including external emergency
Joint speed monitoring status emergency stop (requires on-site
wiring), and external protective stop.
Cartesian position monitoring .
To output this status, the safety DI
status i
must be configured as the
Safety DO Cartesian speed monitoring NULL corresponding trigger source

configuration

status

Safety low speed monitoring
status

(external emergency stop trigger,
emergency stop trigger, additional
emergency stop trigger, and external
protective stop trigger), and the safety
DO must be configured as "system
emergency stop status".

3. For the use of functions such as joint
position monitoring status, joint
speed monitoring status, Cartesian
position monitoring status, Cartesian
speed monitoring status, and safety
low speed monitoring status, see the
corresponding safety function

introduction sections.
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(i) NOTE

The configurable functions and function names of safety DI/safety DO may vary depending on the version.

For detailed information on the available functions, see the robot programming guide or teach pendant

programming guide, or consult Inovance technical support personnel.

Safety parameter initialization function

& Controller parameter configuration

Robot settings

Zero settings

Installation parameters

Peripheral configuration

Motion parameters

Control parameters

Functional safety settings
Functional safety 1/O
Functional safety stop mode

A vy v v v

Joint position monitoring
Joint speed monitoring
Cartesian position monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

Functional safety expansion card info

System software version
Monitoring software version

Safety low speed monitoring Communication version

1.0.0
1.0.0

0.4

After the safety parameter initialization, the parameters saved in the safety expansion card will be restored

to factory settings. Use this function with caution.

(i) NOTE

After initialization, restart the controller.
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4.3 Joint Position Monitoring

Overview

This function is a safety monitoring function. When activated, if the position of any robot axis exceeds the

user-configured range, the function triggers a Category 0 or Category 1 emergency stop according to the

user configuration, and sets an output signal. You can configure up to eight groups of joint position

monitoring parameters. Each group of parameters can be used to monitor up to six axes of the robot.

Related parameters

The following table lists the joint position monitoring function parameters.

Name Value range Default Description
Inactive When "Inactive" is selected, the joint
position monitoring function is
Permanent trigger deactivated and does not provide
safety monitoring for the robot axis
positions. When "Permanent trigger" is
selected, the joint position monitoring
Trigger method Inactive | is permanently active and provides the
real-time safety monitoring for the
I/0 trigger robot axis positions.
When "1/0 trigger" is selected, the joint
position monitoring function is
activated or deactivated based on the
status of the bound 1/0.
) » The range is model-dependent You can set the positive and negative
Axis position )
and must not exceed the 0 safety ranges for the monitored robot
safety range ] o ) o
maximum axis limit of the robot. axis positions.
Category 0 stop If the position of any robot axis
Category 0 | exceeds the user-configured range, the
Stop mode t f tion tri Cat Oor1
Category 1 stop stop unction triggers a Category 0 or
emergency stop.
Deactivate Indicates the activation of the current
o ) axis position group. If not activated,
Activation Deactivate . .
. this set of parameters will not be used
Activate

for joint position monitoring.

Function Triggering

e Method 1: Select "Permanent trigger" for the trigger method.

e Method 2: Select "I/0 trigger" for the trigger method and set the bound DI status to TRUE.
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Time sequence diagram

Robot axis position

A

Ao CRRRRER oo b d e

— DI level at joint position monitoring activation

! Joint position monitoring status

Name Definition Description
Joint position monitoring upper ) S )
A limit User-defined upper position limit for each axis
imi
Joint position monitoring lower ) . o .
B imit User-defined lower position limit for each axis
imi
Joint position monitoring limit (A Joint limit position range based on the robot
and B) model parameter
Procedure Behavior
: When the joint position monitoring function is activated, the safety module begins to
monitor the axis position.
, If any axis position exceeds the upper limit (A), the joint position monitoring status

switches to an abnormal state.
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4.4 Joint Speed Monitoring

Overview

This function is a safety monitoring function. When activated, if the speed of any robot axis exceeds the

user-configured range, the function triggers a Category 0 or Category 1 emergency stop according to the

user configuration, and sets an output signal. You can configure up to eight groups of joint speed

monitoring parameters. Each group of parameters can be used to monitor up to six axes of the robot.

Related parameters

The following table lists the joint speed monitoring function parameters.

Name Value range Default Description

When "Inactive" is selected, the joint speed

Inactive monitoring function is deactivated and does provide
safety monitoring for the robot axis speed.
When "Permanent trigger" is selected, the joint
speed monitoring is permanently active and

Permanent trigger provides the real-time safety monitoring for the

Trigger method Inactive | robot axis speed.

When "I/0 trigger" is selected, the joint speed
monitoring function is activated or deactivated

170 trigger based on the status of the bound I/0.

The range is

model-dependent

Axis speed safety |and must not 0 You can set the safety ranges for the monitored
range exceed the joint robot axis speed.

speed range of the

robot.

Category 0 stop If the speed of any robot axis exceeds the user-

Category 0 ] , ]
Stop mode ‘ configured range, the function triggers a Category 0
sto
Category 1 stop P or 1 emergency stop.
Deactivate Indicates the activation of the current axis speed
Activation Deactivate |group. If not activated, this set of parameters will not
Activate

be used for joint speed monitoring.

Function Triggering

e Method 1: Select "Permanent trigger" for the trigger method.

e« Method 2: Select "I/0 trigger" for the trigger method and set the bound DI status to TRUE.
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Time sequence diagram

Robot axis speed
A

P O S A O OSSR U SN

H— l_ DI level at joint speed monitoring activation
Ll —

TRUE‘r i i : f Joint speed monitoring status

FALSE | |

4.5 Cartesian Position Monitoring

Overview

This function is a safety monitoring function. When activated, if the Cartesian position of the robot exceeds
the user-configured range, the function triggers a Category 0 or Category 1 emergency stop according to the
user configuration, and sets an output signal. You can configure up to 16 groups of Cartesian position
monitoring parameters. Each group of parameters can be used to monitor the selected robot end
monitoring object.

Related parameters

The Cartesian position monitoring function parameters are divided into trigger methods, safety zone
parameters, and end monitoring object parameters. Details are as follows.

Trigger methods:

Name Value range Default Description

When "Inactive" is selected, the Cartesian position
] monitoring function is deactivated and does not

Inactive ) o .
provide safety monitoring for the Cartesian

position of the robot's end monitoring object.

When "Permanent trigger" is selected, the

. . Cartesian position monitoring is permanently
Trigger method ) Inactive ) ) i o
Permanent trigger active and provides the real-time safety monitoring
for the Cartesian position of the robot's end

monitoring object.
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Name Value range Default Description
When "I/0 trigger" is selected, the Cartesian
I/0 trigger position monitoring function is activated or
deactivated based on the status of the bound I/0.
Interference zone parameters:
Name Value range Default Description
Deactivate Indicates the activation of the current interference
Interference ) ] ] )
o Deactivate |zone. If not activated, this set of parameters will
zone activation . , B o
Activate not be used for Cartesian position monitoring.
Length limit: 31
characters (a Chinese o )
Remarks NULL Descriptive information of the current safety zone.
character counts as
two characters)
. Inside - I .
Inside and nsid Specifies the inside or outside of the safety zone as
nside
outside . the interference zone.
Outside
Category 0 stop When the Cartesian position of the robot's end
Category 0 | monitoring object exceeds the safety zone set by
Stop mode t th it tri Cat Oor1
Category 1 stop stop e user, it triggers a Category 0 or 1 emergency
stop.
. . Increases or decreases the interference zone as a
Safety distance |[0, 10000], unit: mm 0 ) ) ] )
whole according to the "Inside and outside" option.
Diagonal point . Sets the safety zone by diagonal point, or by
Safety zone Diagonal ) ] ]
. . datum point + offset. The points are taken in the
setting method . point )
Datum point + offset current workobject frame.
The range of the point
value is [-10000,
10000], in mm.
Safety zone You can enter the point parameter manually or
point 0 click the "Get current point" button to acquire the
parameters The range of the current point automatically.

offset is [-10000, 0),
(0, 10000], in mm.
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End monitoring object parameters:

Name Value range Default Description
Deactivate Indicates the activation of the current end
End monitoring ) monitoring object. If not activated, this set of
. o Deactivate . ) .
object activation . parameters will not be used for Cartesian position
Activate
monitoring.
Length limit: 31
characters (a Chinese Descriptive information of the current monitoring
Remarks NULL ]
character counts as object.
two characters)
TCP (the tool selected
in the safety tool
mode settings)
Monitoring Specifies the inside or outside of the set zone as
: MTCP TCP .
object type the interference zone.
Sphere
Cuboid bounding box
The range of the point e TCP: When the robot grips the tool, the current
value is [-10000, TCP is used for monitoring. When the robot
10000], in mm. grips the workobject, the flange center is used
for monitoring.
The range of the e« MTCP: Supports up to four tools at the same
offset is [-10000, 0), time. You must select a reference point for the
Monitoring (0, 10000], in mm. tool..Thé current TCP of the robo.t is not used for
monitoring any more. You can view the
object 0 parameters of the tool frame in the lower part
parameters of the interface.
The spherical center
p. e Sphere: The spherical center is offset from the Z
range is [-10000, N .
) direction of the flange frame. The eccentric
10000] and the radius )
) ] sphere is not supported.
range is (0, 10000], in
mm. e Cuboid bounding box: There are three methods
to acquire the points, namely, diagonal point,
datum point + offset, and get point.

Function Triggering

e Method 1: Select "Permanent trigger" for the trigger method.

e Method 2: Select "I/0 trigger" for the trigger method and set the bound DI status to TRUE.
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Time sequence diagram

In the diagram: 1 and 4 are inside the safety
zone, 2 and 3 are on the safety zone boundary.
For the trajectory, segments A and C are inside
the safety zone, while segment B is outside.

N
Robot Cartesian position :
1 2 i3 4
H A
L DI level at Cartesian position monitoring activation
TRUET
FAL5E| : Cartesian position monitoring status
Name Definition Description
M N The safety zone is a cube with M and N
’ as the diagonal points.
Diagonal points M and N of the safety |The X, Y, and Z coordinate values are within
zone the range of -10000 mm to +10000 mm.
Procedure Behavior
: When the Cartesian position monitoring function is activated, the safety module
begins to monitor the Cartesian position.
, If the Cartesian position exceeds the safety zone, the Cartesian position monitoring
status switches to an abnormal state.
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4.6 Cartesian Speed Monitoring

Overview

This function is a safety monitoring function. When activated, if the Cartesian speed of the robot exceeds the
user-configured range, the function triggers a Category 0 or Category 1 emergency stop according to the
user configuration, and sets an output signal. You can configure up to eight groups of Cartesian speed
monitoring parameters.

Related parameters

The following table lists the Cartesian speed monitoring function parameters.

Name Value range Default Description

When "Inactive" is selected, the Cartesian
] speed monitoring function is deactivated
Inactive . N
and does not provide safety monitoring for

the Cartesian speed of the robot.

When "Permanent trigger" is selected, the
Cartesian speed monitoring is permanently
Permanent trigger active and provides the real-time safety
Trigger method Inactive monitoring for the Cartesian speed of the

robot.

When "I/0 trigger" is selected, the Cartesian
speed monitoring function is activated or
1/0 trigger deactivated based on the status of the
bound 1/0.

Cartesian speed You can set the safety ranges for the
0-10000 mm/s 0 . .
safety range monitored robot Cartesian speed.

Category 0 stop If the speed of any robot axis exceeds the
Stop mode Category 0 stop |user-configured range, the function triggers

Category 1 stop a Category 0 or 1 emergency stop.

Deactivate Indicates the activation of the current

o ) Cartesian speed. If not activated, this set of
Activation Deactivate

. parameters will not be used for Cartesian
Activate

speed monitoring.

Function Triggering

e Method 1: Select "Permanent trigger" for the trigger method.

e« Method 2: Select "I/0 trigger" for the trigger method and set the bound DI status to TRUE.
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Time sequence diagram

Robot Cartesian speed
(amplitude)

A

Al .......

DI level at Cartesian speed monitoring activation

TRUE :
FALSE| Cartesian speed monitoring status
Name Definition Description
) o o Defines the upper limit of the TCP
A Cartesian speed monitoring upper limit
speed
Cartesian speed monitoring limit (speed
- ) 0-10000 mm/s
amplitude)
Procedure Behavior
: When the Cartesian speed monitoring function is activated, the safety module
begins to monitor the Cartesian speed.
5 If the Cartesian speed exceeds the upper limit, the Cartesian speed monitoring
status switches to an abnormal state.
Procedure Behavior
: When the Cartesian speed monitoring function is activated, the safety module
begins to monitor the Cartesian speed.
5 If the Cartesian speed exceeds the upper limit, the Cartesian speed monitoring
status switches to an abnormal state.

4.7 Safety Low Speed Monitoring

Overview

This function is a safety monitoring function. When activated, if the Cartesian speed of the robot exceeds 250

mm/s in manual mode, the function triggers a Category 0 or Category 1 emergency stop according to the

user configuration, and sets an output signal.
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Relat

ed parameters

The following table lists the safety low speed monitoring function parameters.

Name

Value range

Default

Description

Trigger method

Inactive

Permanent trigger

I/0 trigger

Inactive

When "Inactive" is selected, the safety low speed
monitoring function is deactivated and does not
provide safety monitoring for the Cartesian
speed of the robot safety tool.

When "Permanent trigger" is selected, the safety
low speed monitoring is permanently active and
provides the real-time safety monitoring for the
Cartesian speed of the robot safety tool.

When "I/0 trigger" is selected, the safety low
speed monitoring function is activated or
deactivated based on the status of the bound I/
0.

Stop mode

Category 0 stop

Category 1 stop

Category 0 stop

If the Cartesian speed of the robot safety tool
exceeds the user-configured range, the function

triggers a Category 0 or 1 emergency stop.

Function Triggering

Time

Ro

250
mm/s

e Method 1: Select "Permanent trigger" for the trigger method.

e Method 2: Select "I/0 trigger" for the trigger method and set the bound DI status to TRUE.

sequence diagram

bot Cartesian speed

(amplitude)

A

Level at low-speed monitoring activation
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Name Definition Description

A Cartesian speed monitoring upper limit Defines the upper limit of the TCP speed
Cartesian speed monitoring limit (speed

- . 250 mm/s
amplitude)

Procedure Behavior

: When the Cartesian speed monitoring function is activated, the safety module begins to
monitor the Cartesian speed.

, If the Cartesian speed exceeds the upper limit, the Cartesian speed monitoring status
switches to an abnormal state.

Overview

4.8 Safety Tool Mode Settings

This is a function that determines the target TCP to be monitored by the safety module. This function allows

you to set the target TCP point to be monitored during the monitoring process.

Related parameters

Name Value range Default Description
When "Follow system tool" is selected, you need to
perform the configuration for 5 standard DOs, along
Follow system . . i . )
tool with corresponding configurations in the safety DI
00
and physical connections, to set the tool TCP/ECP
mode and the corresponding sequence number.
Safety tool . . .
] Fixed safety tool | When a fixed tool is selected, you need to set the
mode Fixed safety tool

Manual tool
switch

tool number or workobject number for monitoring.

When "Manual tool switch" is selected, no parameter
configuration is required on this interface. However,
configuration must be performed in the safety DI,
along with a physical connection.
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Safety tool wiring diagram

Use internal 24 VDC

Controller

24V E
24VDC

[|]1 kQ to 2 kQ
DO DI
0V DC GND_S
GND_E
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5 Commissioning and Operation

5.1 Commissioning Preparation

This chapter describes the operation procedures for using the safety functions. Before using the safety
functions, you must complete the installation of the safety function software and hardware. For software
installation, see the InoRobotLab user guide and the teach pendant user guide. For hardware installation,

see the 3.2 Installing Expansion Card section of this guide.

5.2 Configuration on InoRobotTP

Teach pendant model: IR-TP200-L5

The following table describes the safety function configuration steps.

No. Operation

1 Configure basic parameters

2 Configure system access

3 Configure safety tool

4 Configure safety 1/0 signal

5 Configure safety stop parameters

6 Configure safety low speed monitoring parameters
7 Configure joint position monitoring parameters

8 Configure joint speed monitoring parameters

9 Configure Cartesian position monitoring parameters
10 Configure Cartesian speed monitoring parameters

5.2.1 Configuring Basic Parameters

Before using the safety functions after flashing or upgrade of the robot system, complete the following

operations.

1. Configure and save the tool parameters required by the robot.
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InoRobotTP

< Installation
BoliallIEReEs Toolo Calibration

Tools
Tool notes

Wobj Remarks View the diagram

Load Robot holds tool (RobHold)

RobHold

Arm
oad Tool frame (TFrame)

Environmental X' 0.000
parameters

mm Y 0.000 Z ! 0.000

Al 0.000 e B 0.000 C 0.000 =
Auto warm-up

< Installation
parameters Wobjo Calibration

Tools J1-/%-
Workobject notes — L
. J2-/Y-
Wobj Remarks View the diagram 7/\(

Robot holds workobject (RobHold) L
Load

RobHold J-RZ-

Arm load
o8 Is fixed user frame (UFFix)

Environmental UFFix
parameters

Mechanical unit (UFMec) -

Refresh

Auto warm-up

& R-Linksettings refreshed successfu... | @) Joint & J1:7.03

5.2.2 Configuring System Access

5.2.3

Only authorized operators (editor, administrator and manufacturer) are allowed to modify the safety
function parameters. Safety function password is required.

Configuring Safety Tool

The safety tool has three modes: follow system tool, fixed safety tool, and manual tool switch. You can
configure the safety tool as needed.

See the following instructions for setting up the three modes:

1. When the mode is set to "Follow system tool", it occupies five standard I/0 points. The OUT number is
specified by the user, and other functions cannot use these five OUT numbers. During wiring, connect the DI
(3-7) on the safety module in the order corresponding to the specified OUT numbers. The controller must be
configured to trigger the corresponding standard OUT when switching tools.
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InoRobotTP

< Functional
safety
Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety
10

ch to the programmingp...| @ Joint & J1

Functional safety
tool mode

Tool mode

Tool number Bit0

Tool number Bitl

Tool number Bit2

Tool number Bit3

Follow system ...

NULL

NULL

NULL

NULL

NULL

Note: Please carefully set the safety tool I/
0O to avoid conflicts with I/O of other
functions, in order to prevent safety risks.

Refresh

JL+/x+ |

2+ ¥+ |

2. When the mode is set to "Fixed safety tool", you need to specify a tool (TCP) or workobject (ECP) as the
safety tool/workobject, and it cannot be switched via safety I/0 or standard I/0. When a workobject is

selected, its "RobHold" parameter must be set to "True".

InoRobotTP

< Functional
safety
Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety

10

‘g Please swil

tch tothe programmingp.] @ Joint 4| J1

Functional safety
tool mode

Fixed safety tool

Fixed safety tool \/

Tool0

Refresh

‘;‘ @‘z‘

gl B

‘w‘

3. When the mode is set to "Manual tool switch", you need to connect the external I/0 to the DI (3-7) on the

safety module, allowing the tool switching by the operator or an external device.

InoRobotTP

< Functional
safety

Joint position
monitoring

Joint speed
monitoring

Cartesian

position monit...

Cartesian speed
monitoring

Safety low speed

monitoring

Functional safety

10

\'g Please swi

tchto theprogrammingp..] @ Joint 4 J1

Functional safety
tool mode

Manual tool sw...\/

Refresh

JL+/X+ |
2+/v+ |

J3+/Z+ ‘

After the parameters are configured and saved, the safety tool set takes effect immediately.
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A CAUTION

e Itisimportant to set the safety tool for the safety function. Be cautious when setting the safety tool to
avoid safety accidents caused by a mismatch between the Cartesian position/speed monitored by the
safety function and the actual Cartesian position/speed.

« When selecting the mode as "Follow system tool" or "Manual tool switch", configure the safety DI3 to DI7
and make physical connections according to the tool number required for switching.

¢ Inthe Cartesian position monitoring function, when the end monitoring object type is not TCP, the actual
settings prevail and are not affected by the safety tool mode settings.

e Inthe V4R24C2 version, the default values will be restored after the controller is restarted, and
reconfiguration is required after restarting. For other versions, this parameter is retained upon power-
off. After restarting, the last set value is retained.

Example:

When the safety tool mode is configured to follow system tool, the standard DOs configured on the interface
are D023, D034, D056, DO67 and DO78.

Safety tool mode | Safety configuration . .
. . . Connection/Status Description
configuration terminal
Robot standard D023 )
DI3 Configure the TCP/ECP mode.
to safety DI3
When switching of up to 16 tool/
Robot standard D034 ) ) ) )
Dl4 workobjects is required, configure the
to safety D14 )
safety DI4 as the tool number Bit0.
Follow system ]
tool oIS Robot standard DO56 | Configure the safety DI5 as the tool
(o]o]
to safety DI5 number Bit1.
Di6 Robot standard DO67 | Configure the safety DI6 as the tool
to safety DI6 number Bit2.
o7 Robot standard DO78 | Configure the safety DI7 as the tool
to safety DI7 number Bit3.
Manual tool Configure the safety DI3 as TCP/ECP mode
switch Configure the safety for the switching between TCP/ECP
DI3 DI8 as the tool modes.
number Bit3.
When switching of up to 16 tool/
The user controls the ) ) ) )
DI4 workobjects is required, configure the
status of safety DI4. )
safety DI4 as the tool number BitO0.
DIS The user controls the | Configure the safety DI5 as the tool
status of safety DI5. number Bit1.
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Safety tool mode

Safety configuration

Connection/Status

Description

status of safety DI7.

configuration terminal
DI The user controls the | Configure the safety DI6 as the tool
status of safety DI6. number Bit2.
DI7 The user controls the | Configure the safety DI7 as the tool

number Bit3.

Set the status of DI4 to DI7 according to the desired tool/workobject number to be switched:

e To switch the safety tool to tool number 7, set DI4, DI5, and DI6 to low level.

e To switch the safety tool to tool number 11, set DI4, DI5, and DI7 to low level, and DI6 to high level.

configured.

configured.

A CAUTION

It is not always necessary to configure safety DI4-DI7.

« If the range of tool/workobject number to be switched is less than 8, only D14 to DI6 need to be

o If the range of tool/workobject number to be switched is less than 4, only D14 to DI5 need to be

o If the range of tool/workobject number to be switched is less than 2, only DI4 needs to be configured.

5.2.4 Configuring Safety I/0 Signal

1. The safety DI can be configured for external emergency stop, external protective stop, emergency stop,

additional emergency stop, activation of each safety function, and safety tool mode and number. After

configuration, you can view the DI status via the status indicator. See the figure below:

InoRobotTP

¢ Functional
safety
Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety
10

| NULL

DO 0| NULL

NULL

Emergency stop trigger

Safety door

DO 1 NULL

DO 2| NULL

DO 3| NULL

Joint position monitoring trigger DO 4 NULL

DI trigger
threshold (ms)

Relay response
time(ms)
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(i) NOTE

DI3 is added with TCP/ECP mode option, D14 is added with Bit0 option, DI5 is added with Bit1 option, DI6 is
added with Bit2 option, and DI7 is added with Bit3 option.

2. The safety DO can be configured for system emergency stop status, emergency stop status, additional
emergency stop status, operation status, stop status, and the status of each safety function. After
configuration, you can view the DO status via the status indicator. See the figure below:

InoRobotTP

- X
B | 2 = @ = &=
Functional OFF
S DO 0| NULL ["Enable oFF |

Joint position N
monitoring e J1-/X- H J1+/X+ ‘

Joint speed Teach pendant/Controller E-stop stat @ J2-/Y- ‘ ‘ J2+/Y+
monitoring e

® J3-/Z- J3+/Z+
F— System emergency stop status / ‘ ‘ /

osition monit... i W e
? Run status J4-/RZ- ‘ ‘ J4+/RZ+ ‘

Cartesian speed
monitoring R
threshold (ms) ———
Safety low speed J6-/RX- | | J6+/RX+ |
monitoring Relay response 100 =R L e T
| |

time(ms) |
@ |

J5/RY- || J5+/RY+

Functional safety

Refresh

After the above parameters are configured and saved, the safety I/0 signals take effectimmediately.
5.2.5 Configuring Safety Stop Parameters

As shown in the figure below, the safety stop parameters include:
e Maximum brake delay for Category 0 stop, in ms.

e« Maximum brake delay for Category 1 stop, in ms.

You can configure the safety stop parameter as needed.

o Dl external emergency stop methods are classified into Category 0 emergency stop and Category 1

emergency stop.

« DI external protective stop methods are classified into Category 0 emergency stop and Category 1
emergency stop.

-113-



Commissioning and Operation

InoRobotTP

< Functional
safety Maximum brake delay for Category 0 stop 0.000

Safety stop mode —_—
setting Maximum brake delay for Category 1 stop 0.000 J1-/X- ‘ ‘ J1+/X+ ‘

Brake detection

[ : Category ...V J2+ Y+
e DI external emergency stop: stop mode = Category ‘ ‘

Functional safety DI external protective stop: stop mode = Category...
tool mode

Functional Safety
expansion care...

Refresh

After the above parameters are configured and saved, the safety stop parameters take effect immediately.

(i) NOTE

The maximum brake delay for Category 0 or 1 stop affects the application of the brake after a Category 0 or

1 emergency stop is triggered. Be cautious when setting the maximum brake delay. A too large delay may
result in that the robot fails to apply the brake after an abnormality occurs, which may cause safety
accidents.

5.2.6 Configuring Safety Low Speed Monitoring Parameters

You can configure the safety low speed monitoring parameters as needed. See the figure below:

InoRobotTP

< Functional
safety Trigger mode  Inactive Vv
Joint position
monitoring Stop mode = Category...\/

Joint speed

- SHE Max speed 50.00 mm/s
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety
10

Refresh
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Name Value range Default Description

When "Inactive" is selected, the safety low
speed monitoring function is deactivated
Inactive and does not provide safety monitoring for
the Cartesian speed of the robot safety
tool.

When "Permanent trigger" is selected, the
) ) safety low speed monitoring is

Trigger method . Inactive . .
Permanent trigger permanently active and provides the real-
time safety monitoring for the Cartesian

speed of the robot safety tool.

When "I/0 trigger" is selected, the safety

) low speed monitoring function is activated
1/0 trigger .
or deactivated based on the status of the

bound /0.

Category 0 stop If the Cartesian speed of the robot safety

Stop mode Category 0 stop tool exceeds the user-configured range,

Category 1 stop the function triggers a Category 0 or 1
emergency stop.

In manual mode, the Cartesian speed of
the safety tool is monitored; once it

Value Not user-configurable 250 mm/s exceeds 250 mm/s, the corresponding
operation is triggered.

After the parameters are configured and saved, the safety low speed monitoring function takes effect
immediately.

5.2.7 Configuring Joint Position Monitoring Parameters

You can configure the joint position monitoring parameters as needed. See the figure below:

-115-



Commissioning and Operation

InoRobotTP

< Functional
safety

Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety
10

Stop mode

Group 1

Category ...V

Activate

Normal mode - Forward

J1 0.000 ° J2 0.000

J3 0.000 ° J4 0.000

J5 0.000 ° J6 0.000

Inactive
J1-/X-
J2-/Y-

J3-/Z-

J4-/RZ-

v

Refresh

Name Value range Default Description
When "Inactive" is selected, the joint
) position monitoring function is deactivated
Inactive . o
and does not provide safety monitoring for
the robot axis positions.
When "Permanent trigger" is selected, the
) ) ) joint position monitoring is permanently
Trigger method Permanent trigger Inactive ) ] )
active and provides the real-time safety
monitoring for the robot axis positions.
When "I/0 trigger" is selected, the joint
) position monitoring function is activated or
1/0 trigger .
deactivated based on the status of the
bound I/0.
The range is model-
) o dependent and must You can set the positive and negative
AXxis position . .
not exceed the 0 safety ranges for the monitored robot axis
safety range ] o o
maximum axis limit of positions.
the robot.
Category 0 stop If the position of any robot axis exceeds
Stop mode Category 0 stop |the user-configured range, the function
Category 1 stop triggers a Category 0 or 1 emergency stop.
Deactivate Indicates the activation of the current axis
o ) position group. If not activated, this set of
Activation Deactivate ) o
. parameters will not be used for joint
Activate

position monitoring.
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5.2.8 Configuring Joint Speed Monitoring Parameters

You can configure the joint speed monitoring parameters as needed. See the figure below:

InoRobotTP

< Functional
safety

Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Group 1

Stop mode = Category...\/
Activate

Normal mode - Forward

Inactive
JL/X- || J14/x+ |
- || 24w

Bz || B3+/z+

JA-[RZ- | | J4+/RZ+ |

Cartesian speed J1 14.000 ° J2 14.000 —V
monitoring J5-/RY- H J5+/RY+ ‘
J3 1.000 °  J4 0.000 ———— ———
Safety low speed J6-/RX- | | J6+/RX+
monitoring J51.000 ° J6 1.000 B
Functional safety v ‘ ‘ M ‘ | iG] ’
10 — —
(7)) =
Refresh ’l|
‘ Q_!:wmr a|J1:7.030 ‘i‘ ‘ ‘
Name Value range Default Description
When "Inactive" is selected, the joint speed
) monitoring function is deactivated and
Inactive ) o
does provide safety monitoring for the
robot axis speed.
When "Permanent trigger" is selected, the
) . ) joint speed monitoring is permanently
Trigger method Permanent trigger Inactive . ) .
active and provides the real-time safety
monitoring for the robot axis speed.
When "I/0 trigger" is selected, the joint
) speed monitoring function is activated or
170 trigger .
deactivated based on the status of the
bound I/0.
The range is model-
) dependent and must
Axis speed safety . You can set the safety ranges for the
not exceed the joint 0 ) )
range monitored robot axis speed.
speed range of the
robot.
Category 0 stop If the speed of any robot axis exceeds the
Stop mode Category 0 stop |user-configured range, the function

Category 1 stop

triggers a Category 0 or 1 emergency stop.
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Name Value range Default Description
Deactivate Indicates the activation of the current axis
o ) speed group. If not activated, this set of
Activation Deactivate ) o
. parameters will not be used for joint speed
Activate

monitoring.

(i) NOTE

The joint speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the joint speed monitoring function takes effect immediately.

5.2.9 Configuring Cartesian Position Monitoring Parameters

The following figure shows the setting interface of the Cartesian position monitoring function.

InoRobotTP

< Functional
safety
Joint position
monitoring

Joint speed
monitoring

Cartesian
position monit...

Cartesian speed
monitoring

Safety low speed
monitoring

Functional safety
10

Interference zone overview

Activate

No.

0

‘ 9 Joint & J1:7.030

End monitoring object overview

Remarks

Permanent trig... v

Details
Edit
Edit
Edit
Edit
Edit

Edit

J1-/X-
J2-/Y-

J3-/Z-

J4-/RZ-

You can activate or deactivate the 16 interference zones and 16 monitoring objects, and view the description

of the interference zones and monitoring objects.

activated.

A CAUTIONV

Multiple interference zones can be activated simultaneously, but only one end monitoring object can be

1. Select an interference zone and click the "Edit" button to enter the parameter setting interface.
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InoRobotTP

Emergency stop triggered =@

Interference zonelSettings

Remarks

Inside and outside  Inside
Trigger Level Category 1 stop

Safety distance 0.000 |w‘ ‘W‘
ENES

® (=]

[2](5]

(& Login successful

Parameter Description

Remarks Descriptive information of the current interference zone.

Inside and outside |Specifies the inside or outside of the interference zone as the interference zone.

Parameter Description

Category 0 stop, Category 1 stop. When the Cartesian position of the robot's end
Stop mode monitoring object exceeds the safety zone set by the user, it triggers a Category 0 or 1

emergency stop.

Increases or decreases the interference zone as a whole according to the "Inside and

Safety distance ) ) ) ] )
outside" option. The range of safety distance is [0, 10000], in mm.

2. Select an interference zone and click the "Edit" button to enter the parameter setting interface.

3. Click "Next" in the lower right corner.

InoRobotTP

Interference zonelSettings

Wobj[0] Setting method | Diagonal point v/

P1(mm) Get current point

X 1 0.000 Z 0.000

P2(mm) Get current point

X  1.000 Z 1.000

Note: The spatial area is a cuboid in the workobject frame.

A& Login successful
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Parameter description:

e Setting method: Sets the interference zone by diagonal point, or by datum point + offset. The points are

taken in the current workobject frame.

e You can enter the point manually or click the "Get current point" button to acquire the current point
automatically. The range of the point value is [-10000, 10000], in mm. The range of the offset value is
[-10000, 0), (0,10000], in mm.

o After getting the points or configuring the points of the interference zone, you can view the frame

parameters in the lower part of the interface.

A CAUTION

e The value of the safety distance cannot be less than 0.

e The position of the interference zone is relative to the active workobject frame.

¢ You cannot get the points of the interference zone in a workobject frame where the workobject is not
held by the robot.

e You cannot get the points of the interference zone in a workobject frame where the user frame is not
fixed.

o If the points cannot form a cuboid, the settings cannot be saved.

e The robot decelerates to stop from the time the end monitoring object enters the interference zone.
Therefore, the actual stop position of the robot is inside the interference zone, or the robot passes
through the interference zone when the interference zone is small. Note that the greater the robot
speed, the greater the distance the robot enters the interference zone. Therefore, set the interference

zone as large as possible.

4. Click the "Done" button to save the interference zone parameters and return to the interference zone

overview interface.

InoRobotTP

< Functional
safety Interference zone overview || End monitoring object overview Permanent trig... v

Joint position —
monitoring Activate  No. Remarks Details JL/X-

Joint speed 0 Edit J2-/Y-

monitoring
Edit J3-/Z-
Cartesian S b

position monit... Edit J4-/RZ- H J4+/RZ+ ‘

Cartesian speed . _—
monitoring Edit J5-/RY- H J5+/RY+ ‘

Safety low speed Edit J6-/RX- H J6+/RX+ ‘
monitoring _
Edit

Functional safety
10

(4 Editor, Admin orManufacturerauth....| @ Joint & J1:7.030

5. Select an end monitoring object and click the "Edit" button to open the parameter setting interface.
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InoRobotTP

End monitoring object1Settings

Remarks

J2+/Y+
End monitoring object = TCP ‘ ‘7

|| J3+/z+

(& Login successful

Parameter description:
e Remarks: Descriptive information of the current monitoring object.

e Monitoring object type: Includes TCP, MTCP, sphere, and cuboid bounding box. TCP by default.
o TCP: When the robot grips the tool, the current TCP is used for monitoring. When the robot grips the
workobject, the flange center is used for monitoring.

InoRobotTP

End monitoring object1Settings X Close

Remarks J1-/X- H J1+/X+

- || s2ey+
End monitoring object = TCP

B3-z- || 33+/z+

A Login successful

o MTCP: Supports up to four tools at the same time. You must select a reference point for the tool. The
current TCP of the robot is not used for monitoring any more. You can view the parameters of the tool
frame in the lower part of the software interface.
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InoRobotTP

T0

100% & o8wo | =
0 100 £0@L"U =

End monitoring object1Settings X Close

Remarks

Note: The current 1

End monitoring object = MTCP the system isno lol =
detected.

Use Name Tools B(°) c()
Additional refer...  Tool0 v . 0.000 0.000
Additional refer... ~ Tool0 v L ! I 0.000 0.000
Additional refer...  Tool0 v . 0.000

Additional refer... ~ Tool0 Vv y b : 4 0.000

Done

A |ogin successful

o Sphere: The spherical center is offset from the Z direction of the flange frame, the spherical center
range is [-10000, 10000] and the radius range is (0, 10000], in mm. The eccentric sphere is not
supported.

InoRobotTP

End monitoring object6Settings
Remarks
End monitoring object = Sphere

Spherical centerZ | 0.000

Radius R 0.001

A& Login successful

o Cuboid bounding box: There are three methods to acquire the points, namely, diagonal point, datum
point + offset, and get point.
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InoRobotTP

End monitoring object6Settings
Remarks

End monitoring object = Cuboid bounding box

Type Diagonal point

Pointl X  0.000 mm Y 0.000

Point2 X  0.000 mm Y 0.000

A Login successful

Emergency stop triggered =@

X Close

Note: The cuboid
bounding boxisa
cuboid in the flange
frame.

When the point acquisition method is set to "Diagonal point", you can enter the point manually or click the

"Get current point" button to acquire the current point automatically. Note that the "Get current point" button

is active only when the robot is in ECP mode. The points are taken in the flange frame. The range of the point

value is [-10000, 10000], in mm.

InoRobotTP

End monitoring object6Settings
Remarks
End monitoring object = Cuboid bounding box

Type Datum point + offset

batum 4 000 mm Y  0.000
point

Offset Lx 0.000 mm Ly 0.000

A Login successful

Note: The cuboid
bounding box isa
cuboid in the flange
frame.

Getdatum point

JL/X- | | J14/x+
- || s2ey+

33-z- || B3+/z+

When the point acquisition method is set to "Datum point + offset", you can enter the datum point and the

offset manually, or click the "Get datum point" button to get the point automatically and then manually enter

the offset. Note that the "Get datum point" button is active only when the robot is in ECP mode. The point and

offset are taken in the flange frame. The range of the point value is [-10000,10000], and the range of the

offset is [-10000, 0), (0, 10000], in mm.
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InoRobotTP

End monitoring object6Settings X Close

Remarks H /X
Note: The cuboid —_— =
bounding boxisa = ﬂ‘ ‘ﬂ
cuboid in the flang

End monitoring object = Cuboid bounding box
frame. J3-/Z- ‘ ‘ J3+/Z+

Type Get point :
JA-[RZ- || J4+/RZ+

_/RY-
Pointl X  0.000 J5-/RY- || J5+/RY

J6-/RX-

Point2 X  0.000

Point3 X  0.000

‘ A |ogin successful

When the point acquisition method is set to "Get point", you can enter the point manually, or click the "Get
current point" button to get the point automatically. Note that the "Get current point" button is active only
when the robot is in ECP mode. The points are taken in the flange frame. Note that the points 1-4 are the four
points on the bottom face of the cuboid. The height is the distance in the Z direction under the flange frame.
The range of the point value is [-10000, 10000] and the range of height is [0, 10000], in mm, as shown in the
figure below.

Flange frame Y)'

——x—>!
1)
z s
\4 5 — Height
p1 x ............... ‘.)?- - ‘
p2 Mo

A CAUTION'

Notes of the cuboid bounding box:

e The orientation of the cuboid bounding box is the same as that of the flange frame. That is, a tilted
cuboid bounding box cannot be defined under the flange frame.

« Before getting a point, you must calibrate an external tool and then move the robot to the point on the
external tool.

¢ Regarding the setting of the four points + height, for the 6-axis robots, you need to rotate the )5 axis so
that the Z axis of the flange frame points downwards before setting the points and height; for the
SCARA robots, just set the points and height normally.
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6. Select an end monitoring object and click the "Edit" button to open the parameter setting interface.

InoRobotTP

¢ Functional :
safety Interference zone overview | End monitoring object overview Permanent trig... v

Joint position
monitoring Activate  No. Remarks Details

Joint speed 0
monitoring

Cartesian Edit
position monit...

Edit

Edit
Cartesian speed
monitoring Edit

Safety low speed Edit
monitoring

Functional safety Edit

10

Editor, Admin o rerauth...| @ Joint a[J1

End monitoring object6Settings X Close

Remarks J1-/X- H J1+/X+

Note: The cuboid
bounding box s a ‘ ‘ J2+ ¥+

End monitoring object | Cuboid bounding box cuboid in the flange

Type Diagonal point ,
[sarz | [ sae Rz

Pointl X  0.000 mm Y 0.000

o]
20
E23
|
B
Point2 X  0.000 mm Y 0.000 ‘

Tl

8. Check the interference zone and monitoring object to be used.

InoRobotTP

< Functional
safety Interference zone overview = End monitoring object overview Permanent trig...

Joint position sESE RS
monitoring Activate  No. Remarks Details |1/ H JLH/X+

Joint speed 0 Edit ‘ J2- Y- H J24 N+

monitoring

- B Edit
Cartesian 9 : ‘ J3-/Z- H J3+/Z+
position monit... Edit

Cartesian speed :
monitoring Edit /RY- H J5+/RY+

Safety low speed Edit
monitoring

|
X
3342+ |
| J4-/Rz- HJ4 RZ+ |
J5+/RY+ |
J6+/Rx+ |

Edit

Functional safety
10

(4 Editor, Admin orManufacturerauth...| @ Joint 4 [ J1:7.03

After the parameters are configured and saved, the Cartesian position monitoring function takes effect
immediately.
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A CAUTION

When using the Cartesian position monitoring function, the following precautions/restrictions need to be

taken.

e Once determined, the position of the interference zone under the world frame will not change even if
the corresponding tool/workobject parameters are modified. If you need to modify the position of the
interference zone, you need to modify the points of the interference zone and save the changes.

« After the monitoring object at the end of robot enters the interference zone, you need to disable the

interference zone function to clear the alarm and continue motion.

¢ The larger the robot speed, the greater the distance the robot enters the interference zone. Therefore,
you need to set the interference zone and safety distance as large as possible according to the actual

working conditions.

« When the robot grips the workobject, if you set the monitoring object type to "TCP", the flange center is
used for detection, which may result in collision between the workobject and external devices or
obstacles. In this case, it is recommended to set the monitoring object type to sphere or cuboid

bounding box.
« When the interference zone is activated, it is detected in any motion mode.

« When the cuboid bounding box is defined by the four points + height,for the 6-axis robots, you need to
rotate the J5 axis so that the Z axis of the flange frame points downwards before setting the points and
height. Otherwise, the cuboid cannot be formed properly.

5.2.10 Configuring Cartesian Speed Monitoring Parameters

You can configure the Cartesian speed monitoring parameters as needed. See the figure below:

InoRobotTP

¢ Functional
safety Group 1 Inactive

Joint position
monitoring
Stop mode = Category...\/ —

Joint speed J2-/Y-
monitoring Activate —_—

. J3-/Z-
Cartesian S
Max speed

position monit... 14/RZ- ‘ ‘ Ja+/RZ+ ‘
Cartesian speed Normal mode | 444.000 — U
monitoring J5-/RY- H J5+/RY+ ‘

Safety low speed J6-/RX- H J6+/RX+ ‘
monitoring S

Functional safety
10

Refresh

‘ A Please switch to the programming p l Q Joint & | J1:7.030
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Name

Value range

Default

Description

Trigger method

Inactive

Permanent trigger

I/0 trigger

Inactive

When "Inactive" is
selected, the Cartesian
speed monitoring
function is deactivated
and does not provide
safety monitoring for the
Cartesian speed of the
robot.

When "Permanent
trigger" is selected, the
Cartesian speed
monitoring is
permanently active and
provides the real-time
safety monitoring for the
Cartesian speed of the
robot.

When "I/0 trigger" is
selected, the Cartesian
speed monitoring
function is activated or
deactivated based on the
status of the bound 1/0.

Cartesian speed safety

range

0-10000 mm/s

You can set the safety
ranges for the monitored
robot Cartesian speed.

Stop mode

Category 0 stop

Category 1 stop

Category 0 stop

If any robot Cartesian
speed exceeds the user-
configured range, the
function triggers a
Category O or 1
emergency stop.

Activation

Deactivate

Activate

Deactivate

Indicates the activation of
the current Cartesian
speed. If not activated,
this set of parameters will
not be used for Cartesian

speed monitoring.
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& CAUTION

The Cartesian speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the Cartesian speed monitoring function takes effect

immediately.

5.3 Configuration on InoRobotLab

The following table describes the safety function configuration steps.

No. Operation

1 Configure basic parameters

2 Configure system access

3 Configure safety tool

4 Configure safety 1/0 signal

5 Configure safety stop parameters

6 Configure safety low speed monitoring parameters
7 Configure joint position monitoring parameters

8 Configure joint speed monitoring parameters

9 Configure Cartesian position monitoring parameters
10 Configure Cartesian speed monitoring parameters

5.3.1 Configuring Basic Parameters

Before using the safety functions after flashing or upgrade of the robot system, complete the following

operations.

1. Configure and save the tool parameters required by the robot.
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N

Robot settings
Zero settings
Installation parameters
Tools
Workobject
Load
Arm load
Environmental parameters
Auto warm-up parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
System settings
Debug

Edit object |Toold

& Controller parameter configuration

Tools

v Caliration

Reset Import Export Copy

Robot holds tool (RobHold)
RobHold True

Tool frame (TFrame)

x: [0.000 mm 0.000 | mm [0.000

A: [0.000 ° 0.000 | o [0.000

Tool load (TLoad)

Mass (kg)

Centroid position X:

Centroid orientation A: 0.

Load inertia x: |0:000

2. Configure and save the workobject parameters required by the robot.

N

Robot settings

Zero settings

Installation parameters
Tools

Workobject

Load

Arm load

Environmental parameters

Auto warm-up parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
System settings
Debug

& Controller parameter configuration

Workobject

Edit object | Wobj0 [v

H Calibration ‘ Reset

‘ Import H Export

Copy

Robot holds workobject (Robl

Is fixed user frame (UFFix)

Mechanical unit (UFMec)

Robtold | 7] False UFFix |True [~ UFMec |
User frame (UFrame)

X: [0.000 ] mm mm
A: [0.000 | - °
Workobject frame (OFrame)

X: [0.000 | mm [0:000 mm [0.000 mm
A: [0.000 |- [0.000 o [0:000 N

5.3.2 Configuring System Access

Only authorized operators (editor, administrator and manufacturer) are allowed to modify the safety

function parameters. Safety function password is required.
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5.3.3 Configuring Safety Tool

The safety tool has three modes: follow system tool, fixed safety tool, and manual tool switch. You can
configure the safety tool as needed.

See the following instructions for setting up the three modes:

1. When the mode is set to "Follow system tool", it occupies five standard I/0 points. The OUT number is
specified by the user, and other functions cannot use these five OUT numbers. During wiring, connect the
DI (3-7) on the safety module in the order corresponding to the specified OUT numbers. The controller
must be configured to trigger the corresponding standard OUT when switching tools.

& Controller parameter configuration - o IEl

Robot settings

Zero settings Functional safety tool mode setting Refresh -
Installation parameters

Peripheral configuration

Motion parameters

Control parameters

Functional safety settings Note: Please carefully set the security tool I/O to avoid confiicts with 1/O of other functions, in order to prevent security risks.

A v v v~

Functional safety expansion card info Functional safety tool mode |Follow system tool v
Functional safety I/O

Functional safety stop mode Tool Mode Out[0] N
Safety low speed monitoring Tool number Bit outfo] >
Joint position monitoring
Joint speed monitoring Tool number Bit1 Out[0] v
Cartesian position monitoring

Tool number Bit2 outf0] v

Cartesian speed monitoring

Functional safety tool mode setting Tool number Bit3 out[0] v

System settings

Debug

2. When the mode is set to "Fixed safety tool", you need to specify a tool (TCP) or workobject (ECP) as the
safety tool/workobject, and it cannot be switched via safety I/0 or standard 1/0. When a workobject is
selected, its "RobHold" parameter must be set to "True".
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& Controller parameter configuration

Robot settings

Zero settings

Installation parameters

Peripheral configuration

Motion parameters

Control parameters

Functional safety settings
Functional safety expansion card info Functional safety tool mode
Functional safety I/O
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian position monitoring

Functional safety tool mode setting

[N ——

Specify the tool Toold v

Cartesian speed monitoring

Functional safety tool mode setting

» System settings
» Debug

3. When the mode is set to "Manual tool switch", you need to connect the external I/0 to the 1/0 (3-7) on the
safety module, allowing the tool switching by the operator or an external device.

& Controller parameter configuration - o IEH

Robot settings
Zero settings Functional safety tool mode setting Refresh -
Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
Functional safety expansion card info Functional safety tool mode
Functional safety I/O
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian position monitoring

[N ——

Cartesian speed monitoring

Functional safety tool mode setting

» System settings
» Debug

After the parameters are configured and saved, the safety tool set takes effect immediately.

-131-



Commissioning and Operation

A CAUTION

e Itisimportant to set the safety tool for the safety function. Be cautious when setting the safety tool to

avoid safety accidents caused by a mismatch between the Cartesian speed monitored by the safety

function and the actual Cartesian speed.

« When selecting the mode as "Follow system tool" or "Manual tool switch", configure the safety DI3 to DI7

and make physical connections according to the tool number required for switching.

e Inthe V4R24C2 version, the default values will be restored after the controller is restarted, and

reconfiguration is required after restarting. For other versions, this parameter is retained upon power-

off. After restarting, the last set value is retained.

Example:

When the safety tool mode is configured to follow system tool, the standard DOs configured on the interface
are D023, D034, D056, DO67 and DO78.

Safety tool Safety
mode configuration Connection/Status Description
configuration terminal
Robot standard D023 to safety i
DI3 DI3 Configure the TCP/ECP mode.
When switching of up to 16 tool/
Robot standard D034 to safety ) ) ) i
Dl4 - workobjects is required, configure the
safety D14 as the tool number Bit0.
Follow system ]
tool DI Robot standard D056 to safety | Configure the safety DI5 as the tool
(o]o]
DI5 number Bit1.
DI6 Robot standard D067 to safety | Configure the safety DI6 as the tool
DI6 number Bit2.
DI7 Robot standard DO78 to safety | Configure the safety DI7 as the tool
DI7 number Bit3.
Manual tool Configure the safety DI3 as TCP/ECP
) The user controls the status of o
switch DI3 mode for the switching between TCP/
safety DI3.
ECP modes.
When switching of up to 16 tool/
The user controls the status of ) ) ) )
DI4 workobjects is required, configure the
safety DI4. )
safety D14 as the tool number Bit0.
DI The user controls the status of | Configure the safety DI5 as the tool
safety DI5. number Bit1.
DI6 The user controls the status of | Configure the safety DI6 as the tool

safety DI6.

number Bit2.
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Safety tool Safety
mode configuration Connection/Status Description
configuration terminal
DI7 The user controls the status of | Configure the safety DI7 as the tool
safety DI7. number Bit3.

Set the status of DI4 to DI7 according to the desired tool/workobject number to be switched:
e To switch the safety tool to tool number 7, set DI4, DI5, and DI6 to low level.

e To switch the safety tool to tool number 11, set DI4, DI5, and DI7 to low level, and DI6 to high level.

A CAUTION

It is not always necessary to configure safety DI4-DI7.

« If the range of tool/workobject number to be switched is less than 8, only D14 to DI6 need to be
configured.

« If the range of tool/workobject number to be switched is less than 4, only D14 to DI5 need to be
configured.

« If the range of tool/workobject number to be switched is less than 2, only DI4 needs to be configured.

5.3.4 Configuring Safety I/0 Signal

1. The safety DI can be configured for external emergency stop, external protective stop, emergency stop,
additional emergency stop, activation of each safety function, and safety tool mode and number. After
configuration, you can view the DI status via the status indicator. See the figure below:

¢ Controller parameter configuration - o IEd
Robot settings 3
) Zero settings Functional safety 1/0 Refresh -
» Installation parameters
» Peripheral configuration
» Motion parameters
DIO |NULL v| status[] DOO |NULL v| status [
» Control parameters L =
4 Functional safety settings pry |External emergency stop trigger ] oot [noL V] stats [
Functional safety expansion card info External protective stop trigger
Functional safety I/O Joint position monitoring trigger
Functional safety stop mode DI2 | Joint speed monitoring trigger j DO 2 |NULL v status D
Safety low speed monitoring Cartesian position monitoring trigger
. | Cartesian speed monitoring trigger v .
Joint position monitoring DI3 |roes swwas| | DO3 |NULL V| status [T
Joint speed monitoring
Cartesian position monitoring DI4 |NULL v| stas [] D04 |NUL v| status [
Cartesian speed monitoring
Functional safety tool mode setting DI5 |NULL v| status []
» System settings
» Debug DI6 |NULL v status D

DI7 |NULL V| status []

DI Trigger threshold(ms) |0

Relay response time (ms) |0
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(i) NOTE

o The TCP/ECP mode option is added to safety DI3.

o The tool number Bit0 option is added to safety DI4.
o The tool number Bit1 option is added to safety DI5.
o The tool number Bit2 option is added to safety DI6.

o The tool number Bit3 option is added to safety DI7.

2. The safety DO can be configured for system emergency stop status, emergency stop status, additional

5.3.5 Configuring Safety Stop Parameters

emergency stop status, operation status, stop status, and the status of each safety function. After

configuration, you can view the DO status via the status indicator. See the figure below:

& Controller parameter configuration

Robot settings

Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters

A v v v~

Functional safety settings
Functional safety expansion card info
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian position monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

Functional safety 1I/0

DIO |NULL
DI1 |NULL
DI2 |NULL
DI3 |NULL
DI4 |NULL
DIS |NULL
DI6 | NULL

DI7 |NULL

DI Trigger threshold(ms) |4

Relay response time (ms) | 100

status ]
status ]
status ]
status ]
status ]
status [
status [
status [

NULL
NULL

v| status [0

A

Teach pendant/Controller E-stop status :‘
System emergency stop status

Run status
Stop status

0

Joint position monitoring status

Joint speed monitoring status

v
s ||
V| status [0

- o EE

|

As shown in the figure below, the safety stop parameters include:

Maximum brake delay for Category 0 stop, in ms.

Maximum brake delay for Category 1 stop, in ms.

You can configure the safety stop parameter as needed.

DI external emergency stop methods are classified into Category 0 emergency stop and Category 1

emergency stop.

DI external protective stop methods are classified into Category 0 emergency stop and Category 1

emergency stop.
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& Controller parameter configuration

Robot settings
Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
Functional safety expansion card info
Functional safety 1/O
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian position monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

A v v v v

Functional safety stop mode

Maximum brake delay for Category 0 stop (ms)
Maximum brake delay for Category 1 stop (ms)
DI external emergency stop: stop mode

DI external protective stop: stop mode

1000

1000

Category 1stop

Category 1stop

v

v

After the above parameters are configured and saved, the safety stop parameters take effect immediately.

A CAUTION

accidents.

The maximum brake delay for Category 0 or 1 stop affects the application of the brake after a Category 0 or
1 emergency stop is triggered. Be cautious when setting the maximum brake delay. A too large delay may
result in that the robot fails to apply the brake after an abnormality occurs, which may cause safety

5.3.6 Configuring Safety Low Speed Monitoring Parameters

You can configure the safety low speed monitoring parameters as needed, as shown in the figure below:
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& Controller parameter configuration

A v v v v

Robot settings

Zero settings

Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings

Functional safety expansion card info

Functional safety I/O
Functional safety stop mode

Safety low speed monitoring

Trigger method | Permanent trigger |V

Stop mode

Category 1stop |V

I/0 trigger

Numerical value mm/s
Joint position monitoring
Joint speed monitoring
Cartesian position monitoring
Cartesian speed monitoring
Functional safety tool mode setting
» System settings
» Debug
Name Value range Default Description
e« When "Inactive" is selected, the safety low
speed monitoring function is deactivated and
does not provide safety monitoring for the
Cartesian speed of the robot safety tool.
« When "Permanent trigger" is selected, the
Inactive S
safety low speed monitoring is permanently
Trigger method | Permanent trigger Inactive active and provides the real-time safety

monitoring for the Cartesian speed of the
robot safety tool.

e« When "I/0 trigger" is selected, the safety low
speed monitoring function is activated or
deactivated based on the status of the bound
1/0.

Stop mode

Category 0 stop

Category 1 stop

Category 0 stop

If the Cartesian speed of the robot safety tool
exceeds the user-configured range, the function
triggers a Category 0 or 1 emergency stop.

Value

Not user-configurable

250 mm/s

In manual mode, the Cartesian speed of the
safety tool is monitored; once it exceeds 250

mm/s, the corresponding operation is triggered.

After the parameters are configured and saved, the safety low speed monitoring function takes effect

immediately.
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5.3.7 Configuring Joint Position Monitoring Parameters

You can configure the joint position monitoring parameters as needed, as shown in the figure below:

Robot settings

Zero settings

Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings

A v v v

Functional safety 1/0

Functional safety expansion card info

8 Controller parameter configuration

Joint position monitoring

Trigger method
Inactve v

Parameter name
Group 1

Value

4 1- Upper Limit

- - EX

=

Range

safety range

maximum axis limit
of the robot.

Group 2 | J1(%) 170.000 [-170.000, 170.000]
Functional safety stop mode
X 32(?) 78.000 [-145.000, 78.000]
atvloeecjwmg Group 3 | 33(%) 173.000 [-71.000, 173.000]
 Joint positon monitoing | ; :
Jt ed mm 14(°) 200.000 [-200.000, 200.000]
Cartesian position monitoring Grow 4 35(%) 120.000 [-120.000, 120.000]
Cartesian speed monitoring Group 5 16(°) 360.000 [-360.000, 360.000]
Functional safety tool mode setting 4 2 - Lower Limit
» System settings Group 6 | J1(%) -170.000 [-170.000, 170.000]
» Debug 32(%) -145.000 [-145.000, 78.000]
Group 7 | 33(°) -71.000 [-71.000, 173.000]
34(%) -200.000 [-200.000, 200.000]
Group 8 | 35(c) -120.000 [-120.000, 120.000]
16(°) -360.000 [-360.000, 360.000]
4 3 - Stop mode
Stop mode Category 1stop {Category 0 stop.Category 1
4 4 - Activation
Name Value range Default Description

« When "Inactive" is selected, the joint position
monitoring function is deactivated and does
not provide safety monitoring for the robot
axis positions.

) « When "Permanent trigger" is selected, the
Inactive . . o
) ) ) joint position monitoring is permanently
Trigger method | Permanent trigger Inactive . . )
) active and provides the real-time safety
1/0 trigger o . .
monitoring for the robot axis positions.

« When "I/0 trigger" is selected, the joint
position monitoring function is activated or
deactivated based on the status of the bound
1/0.

The range is model-
) . dependent and must o )
AXis position You can set the positive and negative safety
not exceed the 0

ranges for the monitored robot axis positions.

Stop mode

Category 0 stop
Category 1 stop

Category 0 stop

If the position of any robot axis exceeds the user-
configured range, the function triggers a
Category 0 or 1 emergency stop.
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5.3.8

Name Value range Default Description

Indicates the activation of the current axis

o Deactivate ) position group. If not activated, this set of
Activation ) Deactivate ) o o
Activate parameters will not be used for joint position
monitoring.

(i) NOTE

The joint position monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the joint position monitoring function takes effect
immediately.

Configuring Joint Speed Monitoring Parameters

You can configure the joint speed monitoring parameters as needed, as shown in the figure below:

& Controller parameter configuration - oI EE
Robot settings R o
) Zero settings Joint speed monitoring Refresh -
» Installation parameters
» Peripheral configuration Trigger method
» Motion parameters B I
» Control parameters 5 2
4 Functional safety settings Group 1 Parameter name Value Range
Functional safety expansion card info 4 1- Joint speed monitoring
Functional safety 1/O
ty 1 Group 2 | 31(%fs) 441170 [0.000, 441.170]
Functional safety stop mode =
12(°fs) 420,000 [0.000, 420.000]
Safety low speed monitoring & 3 .
roup 3 | 33(2/s) 507.900 [0.000, 507.900]
Joint position monitoring
o pm p
Pk pee i o 14(%fs) 600.750 [0.000, 600.750]
Cartesian position monitoring 56 720.000 [0.000, 720.000]
Cartesian speed monitoring Group 5 3(°fs) 960.000 [0.000, 960.000]
Functional safety tool mode setting 4 2 - Stop mode
» System settings Group 6 | Stop mode Category 1stop {Category 0 stop.Category 1st..
» Debug 4 3 - Activation
Group 7 Activation Activate {Deactivate.Activate.}
Group 8
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Name Value range Default Description

« When "Inactive" is selected, the joint speed
monitoring function is deactivated and does
provide safety monitoring for the robot axis

speed.
) « When "Permanent trigger" is selected, the
Inactive . . .
) ) ) joint speed monitoring is permanently active
Trigger method Permanent trigger Inactive ) . o
) and provides the real-time safety monitoring
I/0 trigger

for the robot axis speed.

« When "I/0 trigger" is selected, the joint speed
monitoring function is activated or

deactivated based on the status of the bound

1/0.
The range is model-
) dependent and must )
Axis speed . You can set the safety ranges for the monitored
not exceed the joint 0 )
safety range robot axis speed.
speed range of the
robot.
Name Value range Default Description

If the speed of any robot axis exceeds the user-
Category 0 stop ] . .
Stop mode Category 0 stop | configured range, the function triggers a
Category 1 stop
Category 0 or 1 emergency stop.

) Indicates the activation of the current axis speed
. Deactivate . . .
Activation Activat Deactivate group. If not activated, this set of parameters

ctivate
will not be used for joint speed monitoring.

(i) NOTE

The joint speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the joint speed monitoring function takes effect
immediately.

5.3.9 Configuring Cartesian Position Monitoring Parameters

The following figure shows the setting interface of the Cartesian position monitoring function.
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& Controller parameter configuration - oI El
Robot settings
) Zero settings Cartesian position monitoring Refresh -
» Installation parameters
» Peripheral configuration Trigger method
» Motion parameters
Inactive v
) Control parameters
4 Functional safety settings - Interference zone overview
Functional safety expansion card info Activate | No. Desaription
Functional safety 1/0 1 A
Functional safety stop mode 2
Safety low speed monitoring 3
Joint position monitoring 4
Joint speed monitoring
[Cortesn poston montorng ——— :
Cartesian speed monitoring s
Functional safety tool mode setting 7 v
» System settings - End monitoring object overview
» Debug
Activate | No. Description
v o1 A
2
3
4
5
6
7
. v
Note: The Cartesian position monitoring is based on the robot base frame. If the base moves, potential safety risks
may arise. Please confiqure safety parameters appropriately.

You can activate or deactivate the 16 interference zones and 16 monitoring objects, and view the description
of the interference zones and monitoring objects.

Z{?ES (JALJT1()h{

Multiple interference zones can be activated simultaneously, but only one end monitoring object can be

activated.

1. Select an interference zone and double-click it to open the parameter setting interface.

S Controller parameter configuration - oI E8

Robot settings . . o

Zero settings Cartesian position monitoring

Installation parameters

Peripheral configuration

Motion parameters Interference zone 1 setting Back Next

Control parameters

Functional safety settings Remarks
Functional safety expansion card info
Functional safety 1/0

N

Inside and outside Inside v
Functional safety stop mode d
Safety low speed monitorin
ty ) - < Safety distance (mm) 0.000
Joint position monitoring
Joint speed monitoring

Cartesian position monitoring Stop mode Category 1... |V

Cartesian speed monitoring
Functional safety tool mode setting

) System settings
» Debug
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Parameter description:

Remarks: Descriptive information of the current interference zone
e Inside and outside: Specifies the inside or outside of the interference zone as the interference zone.

e Stop mode: Category 0 stop, Category 1 stop.
When the Cartesian position of the robot's end monitoring object exceeds the safety zone set by the user,
it triggers a Category 0 or 1T emergency stop.

o Safety distance: Increases or decreases the interference zone as a whole according to the "Inside and
outside" option. The range of safety distance is [0, 10000], in mm.

2. Click "Next" in the upper-right corner.

& Controller parameter configuration - oI E3

Robot settings o
Zero settings Cartesian position monitoring

Installation parameters

Peripheral configuration

Interference zone 1 setting Previous | |7inish and save:
Motion parameters

Control parameters

A v v v

Functional safety settings

Functional safety expansion card info Workobject Wobj[0] Setting method | Diagonal point v
Functional safety I/O

Functional safety stop mode Getpoint 1] X [0.000 mm ¥ [0.000 mm 2z [0.000 mm
Safety low speed monitoring

Joint position monitoring Getpoint 2| X [1.000 mm ¥ |1.000 mm  Z [1.000 mm
Joint speed monitoring
Note: The spatial area is a cuboid in the workobject frame.

Cartesian speed monitoring

Functional safety tool mode setting Point acquisition parameter: User frame (UFrame)

System settings
Debug X |0.00 mm ¥ |0.0 mm  Z 0.0 mm

A - B - C
Point parameter: Workobject frame (OFrame)

X mm Y mm Z mm

A @ B @ C

Parameter description:

e Setting method: Sets the interference zone by diagonal point, or by datum point + offset. The points are
taken in the current workobject frame.

e You can enter the point manually or click the "Get point" button to acquire the current point automatically.
The range of the point value is [-10000,10000], in mm. The range of the offset value is [-10000, 0), (0,
10000], in mm.

o After getting the points or configuring the points of the interference zone, you can view the frame
parameters in the lower part of the interface.
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& CAUTION

¢ The value of the safety distance cannot be less than 0.
« The position of the interference zone is relative to the active workobject frame.

e You cannot get the points of the interference zone in a workobject frame where the workobject is not
held by the robot.

e You cannot get the points of the interference zone in a workobject frame where the user frame is not
fixed.

e If the points cannot form a cuboid, the settings cannot be saved.

e The robot decelerates to stop from the time the end monitoring object enters the interference zone.
Therefore, the actual stop position of the robot is inside the interference zone, or the robot passes
through the interference zone when the interference zone is small. Note that the greater the robot
speed, the greater the distance the robot enters the interference zone. Therefore, set the interference
zone as large as possible.

3. Click the "Finish and save" button to save the interference zone parameters and return to the interference
zone overview interface.

& Controller parameter configuration - o I Ed

Robot settings . N .
Zero settings Cartesian position monitoring Refresh -

Installation parameters

Peripheral configuration Trigger method

Motion parameters

Control parameters

Functional safety settings - Interference zone overview

Inactive v

A v v v v~

Functional safety expansion card info Activate | No. Description

Functional safety 1/0 o A
Functional safety stop mode i
Safety low speed monitoring

Joint position monitoring

Joint speed monitoring

Cartesian speed monitoring

Vo s W N e

Functional safety tool mode setting )
System settings -
Debug

- End monitoring object overview

Activate | No. Description
v 1 A
2
3
4
5
6
7

Note: The Cartesian position monitoring is based on the robot base frame. If the base moves, potential safety risks
may arise. Please confiqure safety parameters appropriately.

4. Select an end monitoring object and double-click it to open the parameter setting interface.
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& Controller parameter configuration

Robot settings

Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters

A v v v v~

Functional safety settings
Functional safety expansion card info
Functional safety 1/0
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

Cartesian position monitoring

End monitoring object 1 setting

Remarks

Monitoring object type | TCP v

Back <inish and save

Parameter description:

e Remarks: Descriptive information of the current monitoring object.

e Monitoring object type: Includes TCP, MTCP, sphere, and cuboid bounding box. TCP by default.

o TCP: When the robot grips the tool, the current TCP is used for monitoring. When the robot grips the

workobject, the flange center is used for monitoring.

o MTCP: Supports up to four tools at the same time. You must select a reference point for the tool. The

current TCP of the robot is not used for monitoring any more. You can view the parameters of the tool

frame in the lower part of the software interface.

& Controler parameter configuration

Robot settings
Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
Functional safety expansion card info
Functional safety 1/0
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

A v v v

Cartesian position monitoring

End monitoring object 1 setting

Remarks

Use Name
Additional reference point1
Additional reference point2
Additional reference point3
Additional reference point4

Tool frame: Additional reference point 1

X 0 mm Y mm

A [0.000 ° B |0.000

Back <inish and save

Tools

Tool[0]
Tool[0]
Tool[0]
Tool[0]

r4 mm
C [0.000

Note: The current TCP in the system is no longer detected.

o Sphere: The spherical center is offset from the Z direction of the flange frame, the spherical center

range is [-10000, 10000] and the radius range is (0, 10000], in mm. The eccentric sphere is not

supported.
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& controler parameter configuration

Robot settings
Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
Functional safety expansion card info
Functional safety I/0
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

A v v v

Cartesian position monitoring

End monitoring object 1 setting Back

Remarks

Monitoring object type [Sph

Sphere centre Z |0.000 —

Radius R |0.000 mm

<inish and save

- cER

o Cuboid bounding box: There are three methods to acquire the points, namely, diagonal point, datum

point + offset, and get point.

& Controller parameter configuration

Robot settings
Zero settings
Installation parameters
Peripheral configuration
Motion parameters
Control parameters
Functional safety settings
Functional safety expansion card info
Functional safety I/0
Functional safety stop mode
Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian speed monitoring
Functional safety tool mode setting
System settings
Debug

A v v v

Cartesian position monitoring

End monitoring object 1 setting Back

Remarks

Monitoring object type [C0bad Boudng - |

<inish and save

Point acquisition | Diagonal point v Note: Cuboid bounding box s a cuboid in flange frame.
Get point X |0.000 mm Y |0.000 mm Z |0.000 mm
Get point X |0.000 mm Y 10.000 mm Z |0.000 mm

When the point acquisition method is set to "Diagonal point", you can enter the point manually or click the

"Get current point" button to acquire the current point automatically. Note that the "Get point" button is

active only when the robot is in ECP mode. The points are taken in the flange frame. The range of the point

value is [-10000, 10000], in mm.
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& Controler parameter configuration

Robot settings

Zero settings
Installation parameters
Peripheral configuration

N

Functional safety expansion card info
Functional safety 1/0
Functional safety stop mode

Cartesian position monitoring

Monitoring object type | Cuboid bounding ... v

Motion parameters End monitoring object 1 setting Back =inish and save
Control parameters
Functional safety setti

unctional safety settings Remarks

Safety low speed monitoring
Joint position monitoring
Joint speed monitoring
Cartesian speed monitoring Base po X |0.000 mm Y |0.000 mm z |0.000 mm
Functional safety tool mode setting
System settings Offse! Lx |0.000 mm Ly |0.000 mm Lz |0.000 mm
Debug

Point acquisition | Base point + offset | v|  Note: Cuboid bounding box is a cuboid in flange frame.

When the point acquisition method is set to "Datum point + offset", you can enter the datum point and the
offset manually, or click the "Datum point" button to get the point automatically and then manually enter the
offset. Note that the "Datum point" button is active only when the robot is in ECP mode. The point and offset
are taken in the flange frame. The range of the point value is [-10000, 10000], and the range of the offset is
[-10000, 0), (0, 10000], in mm.

8§ Controller parameter configuration - o IEl

Robot settings

Zero settings
Installation parameters
Peripheral configuration

Cartesian position monitoring

A v v v~

Motion parameters End monitoring object 1 setting Back e
Control parameters
F |

unctional safety settings nemarke

Functional safety expansion card info
Functional safety 1/O

Functional safety stop mode

Safety low speed monitoring

Joint position monitoring

Monitoring object type | Cuboid bounding ... v

Joint speed monitoring Pointacquision  [Getpaint | v| Note: Cuboid bounding box is a cuboid in flange frame.
Cartesian position monitoring
Cartesian speed monitoring € X |0.000 mm Y |0.000 mm Z |0.000 mm
Functional safety tool mode setting
» System settings Get point X |0.000 mm Y |0.000 mm Z |0.000 mm
» Debug
X |0.000 mm Y |0.000 mm Z |0.000 mm
X |0.000 mm Y |0.000 mm Z |0.000 mm

Height(mm) [0.000

When the point acquisition method is set to "Get point", you can enter the point manually, or click the "Get
point" button to get the point automatically. Note that the "Get point" button is active only when the robot is

in ECP mode. The points are taken in the flange frame.

Note that the points 1-4 are the four points on the bottom face of the cuboid. The height is the distance in
the Z direction under the flange frame. The range of the point value is [-10000, 10000] and the range of
height is [0, 10000], in mm. See the figure below:
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Flange frame )'

I
!

- Height

A CAUTION

Notes of the cuboid bounding box:

e The orientation of the cuboid bounding box is the same as that of the flange frame. That is, a tilted

cuboid bounding box cannot be defined under the flange frame.

« Before getting a point, you must calibrate an external tool and then move the robot to the point on the

external tool.

e Regarding the setting of the four points + height, for the 6-axis robots, you need to rotate the J5 axis so
that the Z axis of the flange frame points downwards before setting the points and height; for the
SCARA robots, just set the points and height normally.

5. After configuring the monitoring object, click the "Finish and save" button.

& Controller parameter configuration - o IE3

Robot settings . N o
Zero settings Cartesian position monitoring Refresh -

Installation parameters

Peripheral configuration Trigger method

Motion parameters

Inactive v

Control parameters

Functional safety settings - Interference zone overview
Functional safety expansion card info Actvate |No. Description
Functional safety 1/0
Functional safety stop mode
Safety low speed monitoring

A v v v

Joint position monitoring

Joint speed monitoring

Cartesian speed monitoring

Functional safety tool mode setting
System settings

b o s won e

- End monitoring object overview

Debug
Activate | No. Description

4

NG s W e

v

Note: The Cartesian position monitoring is based on the robot base frame. If the base moves, potential safety risks
may arise. Please confiqure safety parameters appropriately.

6. Check the interference zone and monitoring object to be used.
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§ Controller parameter configuration - o IEd
Robot settings i . o
) Zero settings Cartesian position monitoring Refresh -
» Installation parameters
» Peripheral configuration Trigger method
» Motion parameters
Inactive v
» Control parameters
4 Functional safety settings - Interference zone overview
Functional safety expansion card info Activate | No. Description
Functional safety /0 v 7y
Functional safety stop mode >
Safety low speed monitoring 3
Joint position monitoring B
Joint speed monitoring T
Cartesian position monitoring [ -
6
Cartesian speed monitoring
Functional safety tool mode setting 7 v
System setti -
! oystemsetings - End monitoring object overview
» Debug
Activate | No. Description
Y IE A
2
4
5
6
7
v
Note: The Cartesian position monitoring is based on the robot base frame. If the base moves, potential safety risks
may arise. Please confiqure safety parameters appropriately.

After the parameters are configured and saved, the Cartesian position monitoring function takes effect

immediately.

A CAUTION

When using the Cartesian position monitoring function, the following precautions/restrictions need to be

taken.

e Once determined, the position of the interference zone under the world frame will not change even if
the corresponding tool/workobject parameters are modified. If you need to modify the position of the
interference zone, you need to modify the points of the interference zone and save the changes.

o After the monitoring object at the end of robot enters the interference zone, you need to disable the

interference zone function to clear the alarm and continue motion.

« The larger the robot speed, the greater the distance the robot enters the interference zone. Therefore,
you need to set the interference zone and safety distance as large as possible according to the actual

working conditions.

« When the robot grips the workobject, if you set the monitoring object type to "TCP", the flange center is
used for detection, which may result in collision between the workobject and external devices or
obstacles. In this case, it is recommended to set the monitoring object type to sphere or cuboid

bounding box.
« When the interference zone is activated, it is detected in any motion mode.

« When the cuboid bounding box is defined by the four points + height,for the 6-axis robots, you need to
rotate the J5 axis so that the Z axis of the flange frame points downwards before setting the points and
height. Otherwise, the cuboid cannot be formed properly.
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5.3.10 Configuring Cartesian Speed Monitoring Parameters

You can configure the Cartesian speed monitoring parameters as needed, as shown in the figure below:

& Controller parameter configuration - o IE3
R ;:{b;::;t:;g g Cartesian speed monitoring Refresh -
» Installation parameters
» Peripheral configuration Trigger method
» Motion parameters

Inactive v
» Control parameters
4 Functional safety settings o 1 Parameter name Value Range
Functional safety expansion card info T ———
:::E:z::: z::z i‘iﬁp rode Group 2 | Max allowable position speed (.. | 4710.000 [50.000, 4710.000]
Safety low speed monitoring Grows 3 4 2-Stop mode
Joint position monitoring P> stop mode Category 1stop {Category 0 stop.Category 1st
Joint speed monitoring Group 4| 4 3 - Activation
Cartesian position monitoring Activation Deactivate {Deactivate. Activate.}
Group 5
Functional safety tool mode setting
» System settings Group 6
» Debug
Group 7
Group 8
Name Value range Default Description
Inactive « When "Inactive" is selected, the Cartesian
speed monitoring function is deactivated and
Permanent trigger does not provide safety monitoring for the
Cartesian speed of the robot.

« When "Permanent trigger" is selected, the
Cartesian speed monitoring is permanently

Trigger method Inactive active and provides the real-time safety

monitoring for the Cartesian speed of the
I/0 trigger robot.

« When "lI/0 trigger" is selected, the Cartesian
speed monitoring function is activated or
deactivated based on the status of the bound
1/0.

Cartesian speed You can set the safety ranges for the monitored

0-10000 mm/s 0 .
safety range robot Cartesian speed.
Category 0 stop c 0 If any robot Cartesian speed exceeds the user-
ategory ) . .
Stop mode configured range, the function triggers a
stop
Category 1 stop Category 0 or 1 emergency stop.
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Name Value range Default Description
Deactivate Indicates the activation of the current Cartesian
Activation Deactivate |speed. If not activated, this set of parameters will
Activate not be used for Cartesian speed monitoring.

(i) NOTE

immediately.

The Cartesian speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the Cartesian speed monitoring function takes effect

5.4 Configuration on InoTeachPad

Robot teach pendant models: IRTP80-L5 and IRTP80-L5-INT

The following table describes the safety function configuration steps.

No. Operation

1 Configure basic parameters

2 Configure system access

3 Configure safety tool

4 Configure safety 1/0 signal

5 Configure safety stop parameters

6 Configure safety low speed monitoring parameters
7 Configure joint speed monitoring parameters

8 Configure joint position monitoring parameters

9 Configure Cartesian position monitoring parameters
10 Configure Cartesian speed monitoring parameters

5.4.1 Configuring Basic Parameters

Before using the safety functions after flashing or upgrade of the robot system, complete the following

operations.

1. Configure and save the tool parameters required by the robot.

-149-




Commissioning and Operation

INOVANCE [/, Edit [©] Mon

Robot BasePos Installation Motion
Tool Wobj Load Arm Load E:m;nt Install
cursie
RobHold (RobHold) -
X 0.000 mm Y 0.000 mm Z 0.000 mm
Crd Tool  (TFrame)
Alp.oo0 ° B p.0o00 ° Clo.000 |°
Mass (Mass) 0.000 |ke
Centroid (Cog) X oo mm Y 0000 mm Z 0000 mm
Tool (TLoad) Position
Load Centroid (Orient A 0000 ° B p.000 |° Clo.000 |°
Attitude
Load  (mertia) X[g o0 |kem’ IYpooo |kem' 1Zppooo | kem’
mertia
Total:0 Jomt J1 0.000 J2 0.000 J3 0.000 J4 0.000 J5 0.000 J6 0.000 [ﬂﬁ

Robot BasePos Installation Motion External System Function
Tool Wobj Load Arm Load Eoxssscn Install
parameter
o e
RobHold (RobHold) -
Fixed Crd User (UFFix) - Associated (UFMec)
MechUnit Name
X 0.000 mm Y 0.000 mm Z 0.000 mm
Crd User  (UFrame)
Alg.000 ° B p.000 ° Clo.000 °
_ X 0.000 mm Y 0.000 mm Z 0.000 mm
Crd Wobj (OFrame)
Alp.0o00 ° B p.0o00 ° € 0.000 [°
Total:0 Jomt J10.000 J2 0.000 J3 0.000 J4 0.000 J5 0.000 J6 0.000 M
REBEIHLEEMD: false ~
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5.4.2 Configuring System Access

Only authorized operators (editor, administrator and manufacturer) are allowed to modify the safety
function parameters. Safety function password is required.

5.4.3 Configuring Safety Tool

The safety tool has three modes: follow system tool, fixed safety tool, and manual tool switch. You can
configure the safety tool as needed.

See the following instructions for setting up the three modes:

1. When the mode is set to "Follow System Tool", it occupies five standard I/0 points. The OUT number is
specified by the user, and other functions cannot use these five OUT numbers. During wiring, connect the DI
(3-7) on the safety module in the order corresponding to the specified OUT numbers. The controller must be
configured to trigger the corresponding standard OUT when switching tools.

INOVANCE [, Man [©] Mon

Robot BasePos Installation Motion External System Function  Function Safe | [ Sync

I'urcaoridal .
- Function Safe

Safety Tool Module Info << >>
Functional Safety Tool Mode ’Follow System Tool <
Note: Please carefully set the security tool IO to avoid conflicts with IO of other functions, in
order to prevent security risks.
Tool Mode NULL v
ToolBit0 NULL v
ToolBit1 NULL v
ToolBit2 NULL v
ToolBit3 NULL M

Total:0 J17.030 J2 5.549 J333.325 J429.297 [ﬁé‘

2. When the mode is set to "Fixed Safety Tool", you need to specify a tool (TCP) or workobject (ECP) as the

safety tool/workobject, and it cannot be switched via safety 1/0 or standard I/0. When a workobject is
selected, its "RobHold" parameter must be set to "True".
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INOVANCE (#, Man [S] Mon [Zs}

Robot BasePos Installation Motion External System
[ I'UIncuonar 0
- Function Safe
Safety Tool Module Info << >>
Functional Safety Tool Mode |Fixed Safety Tool < |
Fixed Safety Tool [Tool0 |
Total:0 J17.030 J2 5.549 J333.325 J4 29297 hﬁ

3. When the mode is set to "Set Manually", you need to connect the external I/0 to the I/0 (3-7) on the safety
module, allowing the tool switching by the operator or an external device.

Robot BasePos Installation Motion External System Function
I'ircaornal .
A Function Safe
Safety Tool Module Info << >>
Functional Safety Tool Mode |Set Manually v
Total:0 J17.030 J2 5.549 J3 33325 J429.297 M

After the parameters are configured and saved, the safety tool set takes effect immediately.
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& CAUTION

e Itisimportant to set the safety tool for the safety function. Be cautious when setting the safety tool to
avoid safety accidents caused by a mismatch between the Cartesian position/speed monitored by the
safety function and the actual Cartesian position/speed.

« When selecting the mode as "Follow system tool" or "Manual tool switch", configure the safety DI3 to DI7
and make physical connections according to the tool number required for switching.

¢ Inthe Cartesian position monitoring function, when the end monitoring object type is not TCP, the actual
settings prevail and are not affected by the safety tool mode settings.

e Inthe V4R24C2 version, the default values will be restored after the controller is restarted, and
reconfiguration is required after restarting. For other versions, this parameter is retained upon power-
off. After restarting, the last set value is retained.

Example:

When the safety tool mode is configured to follow system tool, the standard DOs configured on the interface
are D023, D034, D056, DO67 and DO78.

Safety tool mode | Safety configuration . o
. . . Connection/Status Description
configuration terminal
Robot standard DO23 to )
DI3 Configure the TCP/ECP mode.
safety DI3
When switching of up to 16 tool/
Robot standard D034 to ) ] ) )
Dl14 workobjects is required, configure the
safety DI4 )
safety D14 as the tool number Bit0.
Follow System Tool DIS Robot standard DO56 to | Configure the safety DI5 as the tool
safety DI5 number Bit1.
DI6 Robot standard DO67 to | Configure the safety DI6 as the tool
safety DI6 number Bit2.
Di7 Robot standard DO78 to | Configure the safety DI7 as the tool
safety DI7 number Bit3.
Set Manually Configure the safety DI3 as TCP/ECP
The user controls the o
DI3 mode for the switching between TCP
status of safety DI3.
/ECP modes.
When switching of up to 16 tool/
The user controls the . . . .
Dl4 workobjects is required, configure the
status of safety DI4. .
safety D14 as the tool number Bit0.
DIs The user controls the Configure the safety DI5 as the tool
status of safety DI5. number Bit1.
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Safety tool mode | Safety configuration : _
. . . Connection/Status Description
configuration terminal
DI The user controls the Configure the safety DI6 as the tool
status of safety DI6. number Bit2.
bI7 The user controls the Configure the safety DI7 as the tool
status of safety DI7. number Bit3.

Set the status of DI4 to DI7 according to the desired tool/workobject number to be switched:

e To switch the safety tool to tool number 7, set DI4, DI5, and DI6 to low level.

e To switch the safety tool to tool number 11, set D14,

DI5, and DI7 to low level, and DI6 to high level.

’A CAUTION'

It is not always necessary to configure safety DI4-DI7.

configured.

[
configured.

If the range of tool/workobject number to be switched is less than 8, only DI4 to DI6 need to be

If the range of tool/workobject number to be switched is less than 4, only DI4 to DI5 need to be

If the range of tool/workobject number to be switched is less than 2, only DI4 needs to be configured.

5.4.4 Configuring Safety I/0 Signal

1. The safety DI can be configured for external emergency stop, external protective stop, emergency stop,

additional emergency stop, activation of each safety function, and safety tool mode and number. After

configuration, you can view the DI status via the status indicator. See the figure below:

o Yy — To
INOVANCE | #, Man Mon f wo
powce ;v 211 A R
Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian °'”S°lye‘;1°“ Function Safe | Function Safe | __ .
Monitoring Position Monitoring Speed pe ro Stop Mode
DIO Eyternal Emergency Stop Trigger = | @ Doo ’NULL = |
NULL
DIl DO1
External Emergency Stop Trigger ’NULL M |
D12 |External Protective Stop Trigger DO?2 ’NULL = |
Joint Position Monitoring Trigger
D13 |Joint Speed Monitoring Trigger DO 3 ’NULL v | )
Cartesian Position Monitoring Trigger
DI4 |Cartesian Speed Monitoring Trigger DO 4 ’NULL v |
Safety Low Speed Monitoring Trigger
DIS |Relay Status Monitoring DI Trigger Threshold (ms)
Teach Pendant/Controller E-stop Trigger
Di¢ [mes v l Relay Response Time (ms) 100 ‘
DI7 |NULL | @
Total:0 | J17.030 J2 5549 J333.325 J4 29297 [< é
4 servo alarm ~ v (1<) (»)(m)(»
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(i) NOTE

DI3 is added with TCP/ECP mode option, DI4 is added with Bit0 option, DI5 is added with Bit1 option, DI6 is
added with Bit2 option, and DI7 is added with Bit3 option.

2. The safety DO can be configured for system emergency stop status, emergency stop status, additional

emergency stop status, operation status, stop status, and the status of each safety function. After

configuration, you can view the DO status via the status indicator. See the figure below:

INOVANCE (4, Man [&] Mon [7e}]

=

= TO

wo
N L1

Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian aarsetyel.&w Function Safe | Function Safe = s
Monitoring Position Monitoring Speed pe o Stop Mode
DIO NuLL | @ DOO [Ny
DIl DO1
|NULL M | . Teach Pendant/Controller E-stop status
DI2 INULL — I @ po:2 System Emergency Stop Status
Run Status
DI3 |NULL - I @ Do3 [Stop Status
Joint Position Monitoring Status
DI4 |NULL v I @ DO 4 |Joint Speed Monitoring Status
Cartesian Position Monitoring Status
DIS |NULL v I ® D Trigg Cartesian Speed Monitoring Status
| | Safety Low Speed Monitoring Status
DI6 |NULL - _o|Safety Status
@ Relay R Yy ki T
DI7 [NULL K )
Total:0 | J17.030 J2 5549 J333.325 J429.297 [< é
alarm A 1< Ji{ » »l

After the above parameters are configured and saved, the safety I/0 signals take effect immediately.

5.4.5 Configuring Safety Stop Parameters

As shown in the figure below, the safety stop parameters include:

e Max Brake Delay for Category 0 Stop (ms)

e Max Brake Delay for Category 0 Stop (ms)

You can configure the safety stop parameter as needed.

e DI emergency stop methods are classified into Category 0 emergency stop and Category 1 emergency

stop.

e DI protective stop methods are classified into Category 0 emergency stop and Category 1 emergency

stop.
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INOVANCE (4, Man [©] Mon @ ;

Robot BasePos Installation Motion External System
Joint I.’osftion Can?f,ian ‘ Joint.Spt_aed Cartesian “IS?zeL&UW ’ Function Safe | Function Safe . s
Monitoring Position Monitoring Speed o) Stop Mode
Max Brake Delay for Category 0 Stop (ms) | 1000 ‘
Max Brake Delay for Category 1 Stop (ms) | 1000 ‘
DI External E-Stop: Stop Mode |Category 0 stop - |
DI External Protective Stop: Stop Mode |C ategory 0 stop v |

Total:0 | J17.030 J25.549 J3 33.325 J429.297

Error{0x2213]: Warning: Axle 4 servoalarm 2 )

After the above parameters are configured and saved, the safety stop parameters take effect immediately.

’ A CAUTION

The maximum brake delay for Category 0 or 1 stop affects the application of the brake after a Category 0 or

1 emergency stop is triggered. Be cautious when setting the maximum brake delay. A too large delay may
result in that the robot fails to apply the brake after an abnormality occurs, which may cause safety
accidents.

5.4.6 Configuring Safety Low Speed Monitoring Parameters

You can configure the safety low speed monitoring parameters as needed. See the figure below:
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=\ TO
SICE,
L1
Robot BasePos Installation Motion External System Function  Function Safe | [ Sync
Joint Position | Cartesian Joint Speed Cartesian SEEE LW Function Safe | Function Safe
" 3 Ryt Speed << >>
Monitoring Position Monitoring Speed ro Stop Mode
Trigger Method  [Inactive v |
Stop Mode ’Categow 1 stop > |
Max Speed 250.000 mm’s
J17.030 J2 5.549 J3 33.325 1429297

Total0 |

(0

Error[0x2213]: Warning: Axle 4 servo 2

Name

Value range

Default

Description

Trigger method

Inactive

Permanent trigger

I/0 trigger

Inactive

When "Inactive" is selected, the safety low speed
monitoring function is deactivated and does not
provide safety monitoring for the Cartesian
speed of the robot safety tool.

When "Permanent trigger" is selected, the safety
low speed monitoring is permanently active and
provides the real-time safety monitoring for the

Cartesian speed of the robot safety tool.

When "1/0 trigger" is selected, the safety low
speed monitoring function is activated or
deactivated based on the status of the bound I/
0.

Stop mode

Category 0 stop

Category 1 stop

Category 0
stop

If the Cartesian speed of the robot safety tool
exceeds the user-configured range, the function
triggers a Category 0 or 1 emergency stop.

Value

Not user-configurable

250 mm/s

In manual mode, the Cartesian speed of the
safety tool is monitored; once it exceeds 250
mm/s, the corresponding operation is triggered.

After the parameters are configured and saved, the safety low speed monitoring function takes effect

immediately.
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5.4.7 Configuring Joint Position Monitoring Parameters

You can configure the joint position monitoring parameters as needed. See the figure below:

e . TO
INOVANCE | #, Man Mon ) wo
Robot BasePos Installation Motion External System Function  Function Safe | [ Sync
Joint Position | Cartesian Joint Speed Cartesian DEISEIY;&W Function Safe | Function Safe = .
Monitoring Position Monitoring Speed pe e} Stop Mode
Trigger Method | Inactive - |
Group |Group1 v | No. Negative Positive
a1 -150.000 ° 150.000 ¢
Stop Mode ICategory 0 stop v | | |
2 [-70.000 |* [70.000 °
Activat o o
e B [-65.000 = [65.000 °
1 ]-175.000 |° [175.000 °
Total:0 | J17.030 J25.549 J333.325 J429.297 [( é

Error[0x2213]: Warning: Axle 4 ser 2

(1< )( » )( = ) »

Name Value range Default Description
When "Inactive" is selected, the joint position
) monitoring function is deactivated and does not
Inactive . Y .
provide safety monitoring for the robot axis
positions.
When "Permanent trigger" is selected, the joint
Trigger method ) Inactive position monitoring is permanently active and
Permanent trigger . . o
provides the real-time safety monitoring for the
robot axis positions.
When "I/0 trigger" is selected, the joint position
I/0 trigger monitoring function is activated or deactivated
based on the status of the bound 1/0.
The range is model-
) . dependent and must . )
AXxis position You can set the positive and negative safety
not exceed the 0 . . .
safety range ) o ranges for the monitored robot axis positions.
maximum axis limit of
the robot.
Category 0 stop If the position of any robot axis exceeds the user-
Category 0 . . .
Stop mode ) configured range, the function triggers a
sto
Category 1 stop P Category 0 or 1 emergency stop.
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Name Value range Default Description
Indicates the activation of the current axis
o Deactivate ) position group. If not activated, this set of
Activation Deactivate ] o .
Activate parameters will not be used for joint position

monitoring.

(i) NOTE

immediately.

The joint position monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the joint position monitoring function takes effect

5.4.8

Configuring Joint Speed Monitoring Parameters

You can configure the joint speed monitoring parameters as needed. See the figure below:

INOVANCE (7, M: @ v
A ¢ an f wo
[] D=
Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian Mlsmye‘;lu“ Function Safe | Function Safe =2 .
Monitoring Position Monitoring Speed pe o) Stop Mode
Trigger Method Ilnactive 7 |
Group |Group1 v | No. Max Speed unit
! 0.000 °fs
Stop Mode ICategory 1 stop v |
n 0.000 °ls
Activat N
e 13 0.000 /s
14 0.000 °fs
Total:0 | 71 7.030 125.549 1333325 1429297 [< §
: Warning: Axle 4 servo alarm A " (1< | 2 i | »l
Name Value range Default Description
Trigger method Inactive When "Inactive" is selected, the joint speed
. monitoring function is deactivated and does
Inactive

Permanent trigger

provide safety monitoring for the robot axis

speed.

When "Permanent trigger" is selected, the joint
speed monitoring is permanently active and
provides the real-time safety monitoring for the
robot axis speed.
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Name Value range Default Description
When "1/0 trigger" is selected, the joint speed
1/0 trigger monitoring function is activated or deactivated
based on the status of the bound I/0.
The range is model-
) dependent and must )
Axis speed . You can set the safety ranges for the monitored
not exceed the joint 0 )
safety range robot axis speed.
speed range of the
robot.
Category 0 stop If the speed of any robot axis exceeds the user-
Category O ) . .
Stop mode ‘ configured range, the function triggers a
sto
Category 1 stop P Category 0 or 1 emergency stop.
Deactivate Indicates the activation of the current axis speed
Activation Deactivate | group. If not activated, this set of parameters
Activate

will not be used for joint speed monitoring.

(i) NOTE

immediately.

The joint speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the joint speed monitoring function takes effect

5.4.9 Configuring Cartesian Position Monitoring Parameters

The following figure shows the setting interface of the Cartesian position monitoring function.

[-]

= TO

{ wo
3 L1

Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian DaISﬂy;‘iW Function Safe | Function Safe 22 S5
Monitoring Position Monitoring Speed pe o] Stop Mode
Trigger Method Note: The monitoring of Cartesian position is based on the robot

|[nactive

2

InterferZone Overview

O | O
1 1

2
3

InterferTool Overview

base coordinate system. If the base moves, there may be
security risks. Please set security parameters reasonably.

2 |

3
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You can activate or deactivate the 16 interference zones and 16 monitoring objects, and view the description
of the interference zones and monitoring objects.

\& CAUTION'

Multiple interference zones can be activated simultaneously, but only one end monitoring object can be

activated.

1. Select an interference zone and double-click it to open the parameter setting interface.

—— = TO
INOVANCE |/, Man |[<©] Mon 6d) wo
(4 -] D7,
Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian SAEW LOW | Function Safe | Function Safe
L. . i Speed << >>
Monitoring Position Monitoring Speed o] Stop Mode
Interference region 1 Set | Return | ’ NextPage |
Remarks | ‘
Safety Distance 0.000
‘Total'o | 717.030 125549 1333325 1429297 e

arning: Axle 4 servo alarm

Parameter Description

Remarks Descriptive information of the current interference zone.

Inside and

Outsid Specifies the inside or outside of the interference zone as the interference zone.
utside

Category 0 stop, Category 1 stop. When the Cartesian position of the robot's end
Stop Mode | monitoring object exceeds the safety zone set by the user, it triggers a Category 0 or 1

emergency stop.

Safety Increases or decreases the interference zone as a whole according to the "Inside and
Distance Outside" option. The range of safety distance is [0, 10000], in mm.

2. Select an interference zone and double-click it to open the parameter setting interface.

3. Click "NextPage" in the upper-right corner.
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= TO

INOVANCE (4, Man [©] Mon ] D wo

Robot BasePos Installation Motion External System Function  Function Safe | [ Sync

Function Safe
Stop Mode

Function Safe
ro

Joint Position | Cartesian Joint Speed Cartesian
Monitoring Position Monitoring Speed

Attetion:InterferZone is a cuboid in Wobj Space

Speed

SAICTYy LOW }

<< H >> }

‘When GetPoint: Wobj[ 0] Z vy

X {0000 ] ¥ [6000 ] Z 5006 ] P1
X [Lovo |mm ¥ [1000 ] 2 [1000 |

‘Wobj Para
Crd User (UFrame)

X0.000 mm Y 0000 mm Z 0000 m™m A Q000 ° B|0.000 ° €0.000 °
Crd Wobj (OFrame)

X 0.000 mm Y oo mmZgpo0 mmAQ000 ° Boooo ° € 0000 °

Total:0 | J17.030 J25.549 J3 33.325 J429.297 (< é

(o Error[0x2213]: Warning: Axle 4 servo alarm 2 ‘@ u\°;\ﬁ' {@;" @

Parameter description:

Setting mode: Sets the interference zone by diagonal point, or by datum point + offset. The points are
taken in the current workobject frame.

You can enter the point manually or click the "GetCurPos" button to acquire the current point
automatically. The range of the point value is [-10000,10000], in mm. The range of the offset value is
[-10000, 0), (0, 10000], in mm.

After getting the points or configuring the points of the interference zone, you can view the frame
parameters in the lower part of the interface.

\& CAUTION'

The value of the safety distance cannot be less than 0.
The position of the interference zone is relative to the active workobject frame.

You cannot get the points of the interference zone in a workobject frame where the workobject is not
held by the robot.

You cannot get the points of the interference zone in a workobject frame where the user frame is not
fixed.

If the points cannot form a cuboid, the settings cannot be saved.

The robot decelerates to stop from the time the end monitoring object enters the interference zone.
Therefore, the actual stop position of the robot is inside the interference zone, or the robot passes
through the interference zone when the interference zone is small. Note that the greater the robot
speed, the greater the distance the robot enters the interference zone. Therefore, set the interference

zone as large as possible.

4. Click the "Save" button to save the interference zone parameters and return to the interference zone

overview interface.
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INOVANCE [, Man [©] Mon

Robot BasePos  Installation Motion External System Function  Function Safe | B} Sync
Joint Position | Cartesian Joint Speed Cartesian “lsmy;l"w Function Safe | Function Safe | __ so
Monitoring Position Monitoring Speed pe o) Stop Mode
Trigger Method | EEi - | Note: The monitoring of Cartesian position is based on the robot

InterferZone Overview

E

base coordinate system. If the base moves, there may be
security risks. Please set security parameters reasonably.

InterferTool Overview

o |
m g

u 13
2 2
- -
[ 3 m 3
O 4 O 4
L] 5 n 5
O 6 1 6
‘Totam | 71 7.030 125549 1333325 1429297 [ﬁhél
ning: Axle 4 servo alarm A 3133

5. Select an end monitoring object and double-click it to open the parameter setting interface.

50 }

INOVANCE [/, Man Mon

-.LLLL

Robot BasePos Installation Motion External System Function  Function Safe | [ Sync
Joint Position | Cartesian Joint Speed Cartesian S LOW | Function Safe | Function Safe
it . s Speed << >
Monitoring Position Monitoring Speed o) Stop Mode
Remarks | |
End monitor Tcp -
Total:0 | J17.030 J2 5549 J3 33.325 J429.297

Parameter description:

Remarks: Descriptive information of the current monitoring object.

e Monitoring object type: Includes TCP, MTCP, sphere, and cuboid bounding box. TCP by default.
o TCP: When the robot grips the tool, the current TCP is used for monitoring. When the robot grips the

workobject, the flange center is used for monitoring.

o MTCP: Supports up to four tools at the same time. You must select a reference point for the tool. The
current TCP of the robot is not used for monitoring any more. You can view the parameters of the tool
frame in the lower part of the software interface.
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INOVANCE (#, Man [©] Mon e}

Robot BasePos Installation Motion External System Function  Function Safe
Joint Position | Cartesian Joint Speed Cartesian “I;IY;'&UW Function Safe | Function Safe =2 se
Monitoring Position Monitoring Speed pe o) Stop Mode
End monitor object1Set | Return l l Save l
Remarks | |
Endmonitor | m7cp -
IsUse Name Tool Crd Tool(TFrame) : Refer Point1
[71 | Refer Pointl |Tool[0] - | X0.000 mmY goop mmZ (000 mm
[71 | Refer Point2 -
[Toolo) || Ajooo0|° 30000 ° C[0000 °
[1 | Refer Point3 ITooI[O] - |
[] | Refer Point4 lTooI[O] - |
Attention: At MTCP. Robot Flange is Detected
Total:0 J17.030 J2 5549 J3 33.325 1429297

T

s

P Error[0x2213]: Warning: Axle 4 servo 2

o BALL: The spherical center is offset from the Z direction of the flange frame, the spherical center range

is [-10000, 10000] and the radius range is [0, 10000], in mm. The eccentric sphere is not supported.

INOVANCE [#, Man [©] Mon e}

=
.

Robot BasePos Installation Motion External System Function  Function Safe

Joint Position | Cartesian Joint Speed Cartesian Mlsui e"&uw Function Safe | Function Safe | __ S5
Monitoring Position Monitoring Speed P o) Stop Mode

End monitor object1Set | Return l l Save |

Remarks
End monitor
Center of Ball

Radius

| |
2[0.00 mm
R[0.000

Total:0

J17.030

J25.549 J3 33.325 J429.297

o TOOLBOX: There are three methods to acquire the points, namely, diagonal point, base point + offset,

and get point.
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INOVANCE (4, Man Mon

Robot BasePos Installation

—. TO

&\wo
L1

Motion External System Function  Function Safe | [ Sync
Joint Position | Cartesian Joint Speed Cartesian BEISG[Y;'&UW Function Safe | Function Safe . se
Monitoring Position Monitoring Speed pe o) Stop Mode
End monitor object1Set | Return l l Save |
Remarks | |
Endmonitor 1001 80X -
Type Attention: Toolbox is defined by Crd Flange
x(0.000 |mm v[0.000 | mm z[0.000 | mm
x(0.000 | mm v[0.000 | mm z[0.000 | mm
J17.030 J2 5549 J3 33.325 1429297

s i i e S

When the point acquisition method is set to "Diagonal”, you can enter the point manually or click the

"GetCurPos" button to acquire the current point automatically. Note that the "GetCurPos" button is active only
when the robot is in ECP mode. The points are taken in the flange frame. The range of the point value is

[-10000, 10000], in mm.

INOVANCE [, Man [©] Mon

Robot BasePos

=, T0

d)\xo
L1

Installation Motion External System Function  Function Safe | B} Sync
Joint Position | Cartesian Joint Speed Cartesian “lsmye‘&"w Function Safe | Function Safe | __ .
Monitoring Position Monitoring Speed pe o) Stop Mode
End monitor object1Set ’ Return | | Save |
Remarks | |
Endmonitor 1001 80OX -
Type Base+Offset - Attention: Toolbox is defined by Crd Flange
x/0.000 | mm v 0.000 |mm z[0.000 | mm
L% 0.000 | mm 1/0.000 | mm 170.000 | mm
Total:0 | J17.030 J2 5549 J333.325 J4 29297 [ﬁé
3] WammgAxle 4 servo alatm oA (333

When the point acquisition method is set to "Base + offset", you can enter the datum point and the offset

manually, or click the "BasePos" button to get the point automatically and then manually enter the offset.
Note that the "BasePos" button is active only when the robot is in ECP mode. The point and offset are taken
in the flange frame. The range of the point value is [-10000, 10000], and the range of the offset is [-10000, 0)

(0, 10000], in mm.
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g TO
INOVANCE [/, Man Mon 5 wo
(4 [5] Mon ey [ @
Robot BasePos  Installation Motion External System Function  Function Safe | [ Sync
Joint Position | Cartesian Joint Speed Cartesian “lsmye‘:i"w Function Safe | Function Safe | __ so
Monitoring Position Monitoring Speed pe o) Stop Mode
End monitor object1Set ’ Return | | Save |
Remarks | |
Ead o
Type Attention: Toolbox is defined by Crd Flange
x/0.000 | mm ¥|0.000 |mm z[0.000 | mm
x[0.000 | mm v[0.000 | mm z[0.000 | mm
x/0.000 | mm v |0.000 |mm z[0.000 | mm
x[0.000 | mm v[0.000 |mm z[0.000 | mm
High 10,000 mm
Total:0 | J17.030 J25.549 J3 33.325 J429.297 [ﬁé]
2 Axle 4 servo alarm ™ 3133

When the point acquisition method is set to "GetPoint", you can enter the point manually, or click the "Get
point" button to get the point automatically. Note that the "Get point" button is active only when the robot is
in ECP mode. The points are taken in the flange frame.

Note that the points 1-4 are the four points on the bottom face of the cuboid. The height is the distance in
the Z direction under the flange frame. The range of the point value is [-10000, 10000] and the range of
height is [0, 10000], in mm.

The diagram is shown below:

Flange frame Yﬁ

' )
4 |
\ 4 5 — Height
p1 K; --------------- e?"‘
p2 P4 9
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’A CAUTION.

Notes of the cuboid bounding box:

The orientation of the cuboid bounding box is the same as that of the flange frame. That is, a tilted
cuboid bounding box cannot be defined under the flange frame.

Before getting a point, you must calibrate an external tool and then move the robot to the point on the

external tool.

Regarding the setting of the four points + height, for the 6-axis robots, you need to rotate the J5 axis so
that the Z axis of the flange frame points downwards before setting the points and height; for the
SCARA robots, just set the points and height normally.

6. Select an end monitoring object and double-click it to open the parameter setting interface.

7. After configuring the monitoring object, click the "Save" button.

INOVANCE (#, Man [©] Mon

-l
Robot BasePos  Installation Motion External System Function  Function Safe | [B) Sync
Joint Position | Cartesian Joint Speed Cartesian S LOW | Function Safe | Function Safe
.. .. il Speed << >
Monitoring Position Monitoring Speed o] Stop Mode
Trigger Method | Inactive — l Note: The monitoring of Cartesian position is based on the robot

base coordinate system. If the base moves, there may be
security risks. Please set security parameters reasonably.

InterferZone Overview InterferTool Overview

J17.030 J25.549 J3 33.325 J4 29297

‘Warning:

cesesilioie

8. Check the interference zone and monitoring object to be used.
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INOVANCE (7, Man [&] Mon

Robot BasePos Installation Motion External System Function  Function Safe | B Sync
Joint Position | Cartesian Joint Speed Cartesian Mlsmyel"'iow Function Safe | Function Safe =2 .
Monitoring Position Monitoring Speed pe jife] Stop Mode
Trigger Method | Permanent trigger - | Note: The monitoring of Cartesian position is based on the robot

base coordinate system. If the base moves, there may be
security risks. Please set security parameters reasonably.

InterferZone Overview InterferTool Overview

O
1 1
!
2

] 2

- -

L] 3 L] 3

DI o

L] 5 L] 5

[ 6 [ 6

Total:0 J17.030 J2 5549 J3 33.325 J4 29297 [a%.
x2213]: Warning: Axle 4 servo alarm A | > 1

After the parameters are configured and saved, the Cartesian position monitoring function takes effect
immediately.

’A CAUTION

When using the position monitoring function, the following precautions/restrictions need to be taken:

e« Once determined, the position of the interference zone under the world frame will not change even if
the corresponding tool/workobject parameters are modified. If you need to modify the position of the
interference zone, you need to modify the points of the interference zone and save the changes.

o After the monitoring object at the end of robot enters the interference zone, you need to disable the
interference zone function to clear the alarm and continue motion.

e The larger the robot speed, the greater the distance the robot enters the interference zone. Therefore,
you need to set the interference zone and safety distance as large as possible according to the actual
working conditions.

« When the robot grips the workobject, if you set the monitoring object type to "TCP", the flange center is
used for detection, which may result in collision between the workobject and external devices or
obstacles. In this case, it is recommended to set the monitoring object type to sphere or cuboid
bounding box.

« When the interference zone is activated, it is detected in any motion mode.

« When the cuboid bounding box is defined by the four points + height,for the 6-axis robots, you need to
rotate the J5 axis so that the Z axis of the flange frame points downwards before setting the points and
height. Otherwise, the cuboid cannot be formed properly.
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5.4.10 Configuring Cartesian Speed Monitoring Parameters

You can configure the Cartesian speed monitoring parameters as needed, as shown in the figure below:

Limsricidn s —_ TO
INOVANCE | #, Man Mon ) wo
Robot BasePos  Installation Motion External System Function  Function Safe ' B Sync |
Joint Position | Cartesian Joint Speed | Cartesian S LOW | Function Safe | Function Safe
Monitoring ‘ Position Monitoring | Speed Specd o Stop Mode << >
Trigger Method |]nactive K2 |
Group |Group1 = |
Stop Mode |Category 1 stop v |
Max Speed 50.000 mm/s
Activate
Note: The monitoring of Cartesian speed is based on the robot base coordinate system. If the base
moves, there may be safety risks. Please set safety parameters reasonably.
Total:0 | 717.030 125549 1333325 14 29.297 \'< 5
rror[0x2213] : Warning: Axle 4 servo alarm 2\ = (1< ) ( » 1 | [ >l q
Name Value range Default Description
When "Inactive" is selected, the Cartesian speed
) monitoring function is deactivated and does not
Inactive . o .
provide safety monitoring for the Cartesian speed
of the robot.
When "Permanent trigger" is selected, the
Trigger Method ) Inactive Cartesian speed monitoring is permanently active
Permanent trigger . . o
and provides the real-time safety monitoring for
the Cartesian speed of the robot.
When "I/0 trigger" is selected, the Cartesian speed
I/0 trigger monitoring function is activated or deactivated
based on the status of the bound 1/0.
Cartesian speed You can set the safety ranges for the monitored
0-10000 mm/s 0 .
safety range robot Cartesian speed.
Category 0 stop If any robot Cartesian speed exceeds the user-
Category 0 | configured range, the function triggers a Category
Stop mode stop 0 or 1T emergency stop.
Category 1 stop
Deactivate Indicates the activation of the current Cartesian
Activation Deactivate |speed. If not activated, this set of parameters will
Activate not be used for Cartesian speed monitoring.
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& CAUTION

The Cartesian speed monitoring supports up to eight groups of parameters.

After the parameters are configured and saved, the Cartesian speed monitoring function takes effect
immediately.

5.5 Verification and Validation

(i) NOTE

e The system must not be considered safe until all safety functions are validated.

« Validation tests must be performed for each safety function.

Basic Requirements

Technical staff must be trained to understand the requirements and principles of designing and operating
safety-related systems.

e Operation and maintenance personnel must be trained on the requirements and principles of designing
and operating safety-related systems.

e Operators must be trained to understand the requirements and principles of designing and operating
safety-related systems.

o If safety-related circuits on the control board do not function properly, replace the control board or the
entire equipment.
PL level verification
Verification of the functional safety system demonstrates and ensures that the implemented safety system
meets the requirements specified for the system in the safety requirements specification phase.
The most convenient way to verify the required PL level reached with the implemented system is to use a
specific safety calculator software.

Validation test

IEC 61508, EN IEC 62061, and EN ISO 13849 standards require that the equipment be validated for
acceptance of safety functions. The test program and report must be documented and signed by this
person. Signed reports must be maintained in the device log. Any new validation tests that are performed
due to changes or maintenance shall be recorded.

Validation test shall be carried out:

e Atinitial start-up of the safety function

o After any changes related to the safety function (wiring, components, settings, etc.)
o After any maintenance work related to safety functions are done.

Checklist
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Follow the checklist below to perform the validation test.

Procedure Test

1 Ensure that the robot can run and stop freely during the test.

Set the safety low speed monitoring function to be permanent trigger and the stop category to
2 Category 0 or 1 stop. Run the robot program in manual mode and check that the robot operates

normally.

Set the safety low speed monitoring function to be permanent trigger and the stop category to
3 Category 0 or 1. Run the robot program in automatic mode and check that the robot operates

normally.

1. Set the joint position monitoring function to be permanent trigger. Set the upper limit of
each joint in Group 1 to 10°, lower limit to -10°, and the stop category to Category 1. Operate
the robot joints to exceed the limit, and check that Category 1 stop is triggered. A Category 1
stop alarm occurs and the alarm cannot be cleared.

2. To clear the alarm, set the monitoring function to be inactive. Then you can clear the alarm
and the robot restores normal operation.

3. Set the joint position monitoring function to be permanent trigger. Set the upper limit of
each jointin Group 1 to 10°, lower limit to -10°, and the stop category to Category 0. Operate
the robot joints to exceed the limit, and check that Category 0 stop is triggered. A Category 0
stop alarm occurs and the alarm cannot be cleared.

4. To clear the alarm, set the monitoring function to be inactive. Then you can clear the alarm
and the robot restores normal operation.

1. Set the joint speed monitoring function to be permanent trigger. Set the limit of each joint in
Group 1to 10°/s, and the stop category to Category 1. Operate the robot joints to exceed the
limit, and check that Category 1 stop is triggered. A Category 1 stop alarm occurs. You can
clear the alarm and the robot restores normal operation.

2. Set the monitoring function to be inactive. Operate the robot joints to exceed the limit that
Category 1 stop is triggered. No alarm occurs and the robot operates normally.

3. Set the joint position monitoring function to be permanent trigger. Set the limit of each joint
in Group 1to 10°/s, and the stop category to Category 0. Operate the robot joints to exceed
the limit, and check that Category 0 stop is triggered. A Category 0 stop alarm occurs. You
can clear the alarm and the robot restores normal operation.

4. Set the monitoring function to be inactive. Operate the robot joints to exceed the limit that
Category 0 stop is triggered. No alarm occurs and the robot operates normally.
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Procedure Test

1. Set the Cartesian position monitoring function to be permanent trigger. Configure an
interference zone and set the stop category to Category 1. Operate the robot to exceed the
interference zone, and check that Category 1 stop is triggered. A Category 1 stop alarm
occurs and the alarm cannot be cleared.

2. To clear the alarm, set the monitoring function to be inactive. Then you can clear the alarm

and the robot restores normal operation.

3. Set the Cartesian position monitoring function to be permanent trigger. Configure an
interference zone and set the stop category to Category 0. Operate the robot to exceed the
interference zone, and check that Category 0 stop is triggered. A Category 0 stop alarm
occurs and the alarm cannot be cleared.

4. To clear the alarm, set the monitoring function to be inactive. Then you can clear the alarm

and the robot restores normal operation.

1. Set the Cartesian speed monitoring function to be permanent trigger. Configure a speed
limit and set the stop category to Category 1. Operate the TCP speed to exceed the limit, and
check that Category 1 stop is triggered. A Category 1 stop alarm occurs. You can clear the
alarm and the robot restores normal operation.

2. Set the monitoring function to be inactive. Operate the TCP speed to exceed the limit that

Category 1 stop is triggered. No alarm occurs and the robot operates normally.

3. Set the Cartesian speed monitoring function to be permanent trigger. Configure a speed
limit and set the stop category to Category 0. Operate the TCP speed to exceed the limit, and
check that Category 0 stop is triggered. A Category 0 stop alarm occurs. You can clear the
alarm and the robot restores normal operation.

4. Set the monitoring function to be inactive. Operate the TCP speed to exceed the limit that

Category 0 stop is triggered. No alarm occurs and the robot operates normally.

Test Report

The report shall contain the following:

e The description of the safety application (including a figure)

e The description and revisions of safety components that are used in the safety application
o Alist of all safety functions that are used in the safety application

e Alist of all safety related parameters and their values (the drive has no safety-related parameters, but

listing the non-safety related parameter and its setting is recommended)

e The test results for each safety function, checks, date of the tests and signature by the test personnel
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6

6.1

Inspection and Maintenance

Maintenance Precautions

Before maintenance, be sure to read this guide and other related guides carefully to fully understand the

safety maintenance procedures.

Maintenance work on the robot system must be performed by personnel who have been properly trained

and qualified in safety.

Safety-trained and qualified personnel refer to those who have completed and passed safety training that
complies with the applicable national laws and regulations, and is intended for workers engaged in
industrial robot-related tasks. This training typically covers knowledge of industrial robots, operation and

teaching methods, inspection and maintenance procedures, and relevant safety regulations.

& DANGER

e Maintenance work must be performed by personnel who have been properly trained and qualified in
safety. Before maintenance, be sure to read and understand the "Safety Precautions" in the guide.
Operating without understanding the safety precautions may result in severe personal injury.

« Do not remove or work on any parts not covered in this guide. Follow the maintenance procedure strictly
as described in this guide. Improper operation may not only cause improper function of the robot

system but also serious safety problems.

o Itis strictly prohibited to enter the robot's motion area while the power is ON. Even if the robot appears

stationary, it may suddenly move and cause severe injury.

e Check the motion of the robot after components replacement outside the safety fence. Failure to comply

may cause severe injury due to unexpected movement of the robot.

« Before operating the robot system, make sure that both the emergency stop switch and safeqguard
switch function properly. If the safety switches fail, protective functions will not activate in emergencies,

which may result in severe injury.

e Only local control modes that have passed safety assessment are allowed. All other control modes and

remote control access channels are prohibited.
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6.2

&WARNING

¢ Open the cover of the controller only when maintenance is needed. High-voltage live parts are present
inside the controller, and there is a risk of electric shock even when the power is off.

« Before performing maintenance, turn off the power to the controller and related equipment, and unplug
the power plug. Failure to comply may result in electric shock or equipment malfunction.

¢ Do notinstall or remove the motor connector while the power is on. Failure to comply may cause
abnormal action of the robot and serious danger.

e Ensure the power is locked by unplugging the power plug. Always connect the AC power cable to the
power plug. Do not connect it directly to the factory power supply.

e Fortasks such as inspection and maintenance that must be performed with the power on, two persons
are required to work together. One person must be positioned where the emergency stop button can be
pressed at any time. The other person must work within the robot's motion range, remain highly alert,
and complete the work quickly. The safe evacuation path must be confirmed in advance before starting
the work.

« Maintenance personnel must keep the robot key properly. Unauthorized personnel are strictly prohibited
from accessing the robot software system in manual mode, and from viewing or modifying programs

and parameters.

& CAUTION

If the robot has been stored for more than six months without use, a gradual power-up is required before
re-energizing to reactivate the electrolytic capacitors. Otherwise, there is a risk of equipment damage.

Routine Inspection

The ambient temperature, humidity, dust, and vibration will age the equipment and thereby reduces its
service life. Therefore, it is necessary to carry out routine and regular maintenance. More frequent

inspections are required if the drive is used in environments subject to the following conditions:
B High ambient temperature

B Frequent start/stop

B AC power supply or load fluctuation

M Strong vibration or impact

B Dust and hydrochloric acid

Check the following items daily to ensure a proper operation of the device. It is recommended to make a
copy of this checklist and sign the "Checked" column after each inspection.
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Inspection item Content Solution Checked

Check the mounting

bracket for vibration.
Check that the controller

Installation environment ; O
and cables are normal. Check whether terminals

become loose or get
corroded.

Check that the input
voltage is within the

Input power supply permissible range.
Input voltage O

voltage Check whether a heavy
load is being started
around the equipment.

Check that the screws on

z Controller connection both sides of the input, -
0.

terminals output, and SAFETY

terminals are tight.

6.3 Regular Inspection

Regularly inspect the areas that are difficult to check during operation. Always keep the controller clean.
Effectively remove dust, especially metal dust, from the product surface to prevent it from entering the
product.

Inspection item Content Solution 1-Month inspection

Check power cables and

connections for Replace the cracked
discoloration. cable.

Cable O
Check whether the Replace the damaged

insulation layer is aged | terminals.
or cracked.

Check whether the air
duct and heatsink are Clean the air duct.

Air duct blocked. Replace the damaged O
Check whether the fanis |fan.

damaged.

6.4 File Backup and Recovery

The robot system provides file backup and loading functions. The file includes configuration files and
program files, both of which are backed up and loaded through a USB drive (recommended to use branded
USB drives).
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Configuration file backup and loading

e Configuration file backup

Function:

It allows you to save all robot-related parameters into a file and store the file in local disk.
Procedure:

1. Click the "Configuration file backup" button, select the save path and enter the file name.

2. After the backup is complete, you can find the backup file in the specified path.

(i) NOTE

The backup file is named "robotcfg.cfg.bk" by default and covers the following:

1. PLC program [plcfiles]
2. Network configuration, operation logs [systemConf]
3. Robot model and controller model information [initConf]

4. Robot settings, peripheral configuration, motion parameters, zero point settings, etc. in controller
parameter configuration [RobotParams, RobotParamsDefault]

5. Process data files (vision calibration and conveyor tracking process)
6. Mechanical unit configuration parameters
7. Tool, work object, and load parameters

8. BRD variables

e Configuration file loading

You can load the configuration from the USB drive into the memory card of the robot controller. Do as
follows:

1. Insert the USB drive into the controller and check the USB connection status in the monitoring interface.
Keep the USB drive in good communication during operation.

2. Click the load button and confirm. The system loads the file automatically and exits when the loading is
complete. After this, restart the controller.

& CAUTION

Do not load configuration files of different robot models to avoid calibration parameter errors, which may

affect robot positioning accuracy.

Program backup and loading

The program backup function allows you to back up the control program in the memory card of the
controller into a USB drive, while the program loading functions allows you to load the control program from
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the USB drive into the controller. The backup and loading directories for version 14 and earlier are different
from those for version 15 and later, as shown in the table below:

Type Version 14 and Earlier Version 15 and Later

1. TeachProgram
1. TeachProgram
Program backup 2. Palletinfo
2. Palletinfo
3. TecParameter

1. TeachProgram
1. TeachProgram
Program loading 2. Palletinfo
2. Palletinfo
3. TecParameter

The functions of each folder are as follows:
TeachProgram: Program file folder containing all .pro program files

Palletinfo: Pallet file folder containing information about the stacking and pallet. It needs to be used when
pallet variables are used.

TecParameter: Process folder containing information about the screw driving and dispensing processes. It
needs to be used when the screw driving, dispensing processes are used.

e Program backup
The program backup procedure is as follows:

1. Insert the USB drive into the controller and check connection status between the USB drive and the
memory card. If the monitored communication status in the software displays "The USB controller has
been inserted into the device and successfully mounted" and "The memory card has been inserted and
successfully mounted", it indicates that the communication is normal. Otherwise, check the connection.
Keep the memory card and the USB drive in good communication during operation.

= T0

wo Il |
v Vo Hgaalil =

Global 10 Connection Servo Cond-Monitor Log

Craft-Monitor
Connection Bus ‘
Name Status
EtherNetl Network cable not connected
EtherNet2 Static IP: 192.168.23.25
Controller USB Device connected

SD Card Connect and load success
EtherCAT1 Conmunicate OK

IR-link1 Device not configured

‘Tota]:O | J17.030 J25.549 J3 33325 J429.297

2. Click the backup button and confirm. The system backs up the program automatically and exits when the
loading is complete.
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3. After the backup is complete, several new folders will appear in the root directory of the USB drive.
e Program loading
The program loading procedure is as follows:

1. Insert the USB drive into the controller and check connection status between the USB drive and the
memory card. If the monitored communication status in the software displays "The USB controller has
been inserted into the device and successfully mounted" and "The memory card has been inserted and
successfully mounted", it indicates that the communication is normal. Otherwise, check the connection.

Keep the memory card and the USB drive in good communication during operation.
2. Click the load button and confirm. The system loads the program automatically.

3. Go to the programming interface and click the refresh button in the upper-left corner. The loaded

program appears in the program list.

Set
Pew Projectnewproject ‘ @‘ IE & i !
@!;!J @JELE —_— !J%L} _J Jgglldﬁgéﬂ L J
Program No. |File name
Location point file 001 main.pro
JointPoint file
Label *
User Alarm
Config
Total:0 J17.030 J25.549 J333.325 J429.297 [ﬁﬁ.
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7

Safety Function Troubleshooting

& CAUTION

Faults and warnings of safety functions are classified according to severity. They can be classified into three

categories:

e Category 1 (or No.1) Non-resettable fault

o Category 2 (or No.2) Resettable fault

e Category 3 (or No.3) Resettable warning

For troubleshooting of faults related to safety functions, see the table below.

Fault code Fault name Fault level Reset mode Fault cause Solution
J1 exceeds J1 exceeds
No.2 Resettable
0x9016 Group 1 speed fault Reset manually |Group 1speed |Clear the alarm.
au
limit limit
J2 exceeds ]2 exceeds
No.2 Resettable
0x9017 Group 1 speed fault Reset manually |Group 1 speed |Clear the alarm.
au
limit limit
J3 exceeds J3 exceeds
No.2 Resettable
0x9018 Group 1 speed fault Reset manually |Group 1 speed |Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x9019 Group 1 speed fault Reset manually |Group 1 speed |Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x901A Group 1 speed fault Reset manually |Group 1 speed |Clear the alarm.
au
limit limit
J6 exceeds J6 exceeds
No.2 Resettable
0x901B Group 1 speed fault Reset manually |Group 1 speed |Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x901C Group 2 speed fault Reset manually | Group 2 speed |Clear the alarm.
au
limit limit
J2 exceeds J2 exceeds
No.2 Resettable
0x901D Group 2 speed Reset manually |Group 2 speed | Clear the alarm.

limit

fault

limit
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Fault code Fault name Fault level Reset mode Fault cause Solution
J3 exceeds J3 exceeds
No.2 Resettable
0x901E Group 2 speed fault Reset manually |Group 2 speed | Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x901F Group 2 speed Eault Reset manually |Group 2 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x9020 Group 2 speed fault Reset manually | Group 2 speed | Clear the alarm.
au
limit limit
J6 exceeds ]6 exceeds
No.2 Resettable
0x9021 Group 2 speed fault Reset manually |Group 2 speed | Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x9022 Group 3 speed fault Reset manually |Group 3 speed |Clear the alarm.
au
limit limit
J2 exceeds J2 exceeds
No.2 Resettable
0x9023 Group 3 speed tault Reset manually | Group 3 speed |Clear the alarm.
au
limit limit
J3 exceeds J3 exceeds
No.2 Resettable
0x9024 Group 3 speed fault Reset manually | Group 3 speed |Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x9025 Group 3 speed fault Reset manually |Group 3 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x9026 Group 3 speed Eault Reset manually |Group 3 speed | Clear the alarm.
au
limit limit
J6 exceeds J6 exceeds
No.2 Resettable
0x9027 Group 3 speed fault Reset manually | Group 3 speed |Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x9028 Group 4 speed fault Reset manually |Group 4 speed | Clear the alarm.
au
limit limit
J2 exceeds ]2 exceeds
No.2 Resettable
0x9029 Group 4 speed Reset manually |Group 4 speed | Clear the alarm.

limit

fault

limit
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Fault code Fault name Fault level Reset mode Fault cause Solution
J3 exceeds J3 exceeds
No.2 Resettable
0x902A Group 4 speed fault Reset manually |Group 4 speed | Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x902B Group 4 speed Eault Reset manually |Group 4 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x902C Group 4 speed fault Reset manually | Group 4 speed Clear the alarm.
au
limit limit
J6 exceeds ]6 exceeds
No.2 Resettable
0x902D Group 4 speed fault Reset manually |Group 4 speed Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x902E Group 5 speed fault Reset manually | Group 5 speed Clear the alarm.
au
limit limit
J2 exceeds J2 exceeds
No.2 Resettable
0x902F Group 5 speed tault Reset manually |Group 5 speed Clear the alarm.
au
limit limit
J3 exceeds J3 exceeds
No.2 Resettable
0x9030 Group 5 speed fault Reset manually | Group 5 speed |Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x9031 Group 5 speed fault Reset manually |Group 5 speed Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x9032 Group 5 speed Eault Reset manually |Group 5 speed | Clear the alarm.
au
limit limit
J6 exceeds J6 exceeds
No.2 Resettable
0x9033 Group 5 speed fault Reset manually | Group 5 speed | Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x9034 Group 6 speed fault Reset manually |Group 6 speed | Clear the alarm.
au
limit limit
J2 exceeds ]2 exceeds
No.2 Resettable
0x9035 Group 6 speed fault Reset manually |Group 6 speed | Clear the alarm.
au
limit limit
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Fault code Fault name Fault level Reset mode Fault cause Solution
J3 exceeds J3 exceeds
No.2 Resettable
0x9036 Group 6 speed fault Reset manually |Group 6 speed | Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x9037 Group 6 speed Eault Reset manually |Group 6 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x9038 Group 6 speed fault Reset manually | Group 6 speed | Clear the alarm.
au
limit limit
J6 exceeds ]6 exceeds
No.2 Resettable
0x9039 Group 6 speed fault Reset manually |Group 6 speed | Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x903A Group 7 speed fault Reset manually |Group 7 speed | Clear the alarm.
au
limit limit
J2 exceeds J2 exceeds
No.2 Resettable
0x903B Group 7 speed tault Reset manually |Group 7 speed | Clear the alarm.
au
limit limit
J3 exceeds J3 exceeds
No.2 Resettable
0x903C Group 7 speed fault Reset manually |Group 7 speed | Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x903D Group 7 speed fault Reset manually |Group 7 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x903E Group 7 speed Eault Reset manually |Group 7 speed | Clear the alarm.
au
limit limit
J6 exceeds J6 exceeds
No.2 Resettable
0x903F Group 7 speed fault Reset manually | Group 7 speed | Clear the alarm.
au
limit limit
J1 exceeds J1 exceeds
No.2 Resettable
0x9040 Group 8 speed fault Reset manually |Group 8 speed | Clear the alarm.
au
limit limit
J2 exceeds ]2 exceeds
No.2 Resettable
0x9041 Group 8 speed Reset manually |Group 8 speed | Clear the alarm.

limit

fault

limit
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Fault code Fault name Fault level Reset mode Fault cause Solution
J3 exceeds J3 exceeds
No.2 Resettable
0x9042 Group 8 speed fault Reset manually |Group 8 speed | Clear the alarm.
au
limit limit
J4 exceeds J4 exceeds
No.2 Resettable
0x9043 Group 8 speed Eault Reset manually |Group 8 speed | Clear the alarm.
au
limit limit
J5 exceeds J5 exceeds
No.2 Resettable
0x9044 Group 8 speed fault Reset manually | Group 8 speed | Clear the alarm.
au
limit limit
J6 exceeds ]6 exceeds
No.2 Resettable
0x9045 Group 8 speed fault Reset manually |Group 8 speed | Clear the alarm.
au
limit limit
Disable the joint
position
monitoring
J1 exceeds J1 exceeds function or
o No.2 Resettable o )
0x9046 Group 1 position fault Reset manually | Group 1 position | deactivate
au
limit limit Group 1, and
move the robot
to a safe
position.
Disable the joint
position
monitoring
J2 exceeds ]2 exceeds function or
o No.2 Resettable o )
0x9047 Group 1 position fault Reset manually | Group 1 position | deactivate
au
limit limit Group 1, and
move the robot
to a safe
position.
Disable the joint
position
monitoring
J3 exceeds J3 exceeds function or
o No.2 Resettable o )
0x9048 Group 1 position fault Reset manually | Group 1 position | deactivate
au
limit limit Group 1, and
move the robot
to a safe
position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9049

J4 exceeds
Group 1 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 1 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 1, and
move the robot
to a safe
position.

0x904A

J5 exceeds
Group 1 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 1 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 1, and
move the robot
to a safe

position.

0x904B

J6 exceeds
Group 1 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 1 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 1, and
move the robot
to a safe

position.

0x904C

J1 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x904D

J2 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

J2 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe
position.

0x904E

J3 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe

position.

0x904F

J4 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe

position.

0x9050

J5 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9051

J6 exceeds
Group 2 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 2 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 2, and
move the robot
to a safe
position.

0x9052

J1 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe

position.

0x9053

J2 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

]2 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe

position.

0x9054

J3 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9055

J4 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe
position.

0x9056

J5 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe

position.

0x9057

J6 exceeds
Group 3 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 3 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 3, and
move the robot
to a safe

position.

0x9058

J1 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9059

J2 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

J2 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe
position.

0x905A

J3 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe

position.

0x905B

J4 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe

position.

0x905C

J5 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x905D

J6 exceeds
Group 4 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 4 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 4, and
move the robot
to a safe
position.

0x905E

J1 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe

position.

0x905F

J2 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

]2 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe

position.

0x9060

J3 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9061

J4 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe
position.

0x9062

J5 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe

position.

0x9063

J6 exceeds
Group 5 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 5 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 5, and
move the robot
to a safe

position.

0x9064

J1 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9065

J2 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

J2 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe
position.

0x9066

J3 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe

position.

0x9067

J4 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe

position.

0x9068

J5 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9069

J6 exceeds
Group 6 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 6 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 6, and
move the robot
to a safe
position.

0x906A

J1 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.

0x906B

J2 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

]2 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.

0x906C

J3 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x906D

J4 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe
position.

0x906E

J5 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.

0x906F

J6 exceeds
Group 7 position

limit

No.2 Resettable
fault

Reset manually

]6 exceeds
Group 7 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.

0x9070

J1 exceeds
Group 8 position

limit

No.2 Resettable
fault

Reset manually

J1 exceeds
Group 8 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 8, and
move the robot
to a safe

position.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9071

J2 exceeds
Group 8 position

limit

No.2 Resettable
fault

Reset manually

J2 exceeds
Group 8 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 8, and
move the robot
to a safe
position.

0x9072

J3 exceeds
Group 8 position

limit

No.2 Resettable
fault

Reset manually

J3 exceeds
Group 8 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 7, and
move the robot
to a safe

position.

0x9073

J4 exceeds
Group 8 position

limit

No.2 Resettable
fault

Reset manually

J4 exceeds
Group 8 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 8, and
move the robot
to a safe

position.

0x9074

J5 exceeds
Group 8 position

limit

No.2 Resettable
fault

Reset manually

J5 exceeds
Group 8 position

limit

Disable the joint
position
monitoring
function or
deactivate
Group 8, and
move the robot
to a safe

position.
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Fault code Fault name Fault level Reset mode Fault cause Solution
Disable the joint
position
monitoring

J6 exceeds J6 exceeds function or
o No.2 Resettable o )
0x9075 Group 8 position fault Reset manually | Group 8 position | deactivate
au
limit limit Group 8, and
move the robot
to a safe
position.
The Cartesian
) speed of the
Overspeed in No.2 Resettable )
0x9077 Reset manually |robotin manual |Clear the alarm.
manual mode fault
mode exceeds
250 mm/s.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x9078 exceeds Group 1 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 1
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x9079 exceeds Group 2 tault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 2
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907A exceeds Group 3 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 3
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907B exceeds Group 4 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 4
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907C exceeds Group 5 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 5
limit.
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Fault code Fault name Fault level Reset mode Fault cause Solution
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907D exceeds Group 6 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 6
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907E exceeds Group 7 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 7
limit.
The Cartesian
Cartesian speed speed of the
No.2 Resettable
0x907F exceeds Group 8 fault Reset manually |robot exceeds Clear the alarm.
au
limit the Group 8
limit.
Disable the
Cartesian
position
Robot enters The robot enters o
) No.2 Resettable ) monitoring
0x9080 interference Reset manually |the interference )
fault function or
zone 1 zone 1. .
deactivate the
interference
zone 1.
Disable the
Cartesian
position
Robot enters The robot enters o
) No.2 Resettable ) monitoring
0x9081 interference Reset manually |the interference .
fault function or
zone 2 zone 2. .
deactivate the
interference
zone 2.
Disable the
Cartesian
position
Robot entered The robot enters o
. No.2 Resettable ) monitoring
0x9082 interference Reset manually |the interference )
fault function or
zone 3 zone 3.

deactivate the
interference

zone 3.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9083

Robot entered
interference
zone 4

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 4.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 4.

0x9084

Robot entered
interference
zone 5

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 5.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 5.

0x9085

Robot entered
interference
zone 6

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 6.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 6.

0x9086

Robot entered
interference
zone 7

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 7.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference
zone 7.

0x9087

Robot entered
interference

zone 8

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 8.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference
zone 8.

-197-




Safety Function Troubleshooting

Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x9088

Robot entered
interference
zone 9

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 9.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 9.

0x9089

Robot entered
interference
zone 10

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 10.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 10.

0x908A

Robot entered
interference
zone 11

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 11.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 11.

0x908B

Robot entered
interference
zone 12

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 12.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference
zone 12.

0x908C

Robot entered
interference

zone 13

No.2 Resettable
fault

Reset manually

The robot enters
the interference
zone 13.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference
zone 13.
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Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x908D

Robot entered
interference
zone 14

No.2 Resettable
fault

Reset manually

The robot enters
the interference

zone 14.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 14.

0x908E

Robot entered
interference
zone 15

No.2 Resettable
fault

Reset manually

The robot enters
the interference

zone 15.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 15.

0x908F

Robot entered
interference
zone 16

No.2 Resettable
fault

Reset manually

The robot enters
the interference

zone 16.

Disable the
Cartesian
position
monitoring
function or
deactivate the
interference

zone 16.

0x909C

Category 1
emergency stop
time too long

No.2 Resettable
fault

Reset manually

The Category 1
emergency stop
exceeds the
limit.

¢ Setthedelay
for Category
1 emergency
stoptoa
larger value

e Contactthe
manufactur
er.

0x909D

STO stop time
too long

No.2 Resettable
fault

Reset manually

The STO stop
time exceeds the
limit.

e Setthedelay
for Category
0 emergency
stoptoa
larger value

e Contactthe
manufactur

er.

-199-




Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
J1 CRC failed for
01000 master chip No.1 Non- Reset | - 1 CFiC fa;fd for Contact the
X eset impossible | master chi
data frame resettable fault P data f g manufacturer.
ata frame
J2 CRC failed for
X900 master chip No.1 Non- Reset i - )2 CFiC falhl?d for Contact the
X eset impossible | master chi
data frame resettable fault P data f P manufacturer.
ata frame
J3 CRC failed for
03000 master chip No.1 Non- Reset i ol )3 Cic falhl?d for Contact the
X eset impossible | master chi
data frame resettable fault P data f P manufacturer.
ata frame
J4 CRC failed for
0x00AT master chip No.1 Non- Reset i ol Ja CFiC falr:_Ed for Contact the
X eset impossible | master chi
data frame resettable fault P data f g manufacturer.
ata frame
J5 CRC failed for
0300 master chip No.1 Non- Reset i ol 15 CR;C fa:.ed for Contact the
X eset impossible | master chi
data frame resettable fault P data f g manufacturer.
ata frame
J6 CRC failed for
030083 master chip No.1 Non- Reset i ol Je CR;C fa;:ed for Contact the
X eset impossible | master chi
data frame resettable fault P data f g manufacturer.
ata frame
J1 CRC failed for
slave chip data | No1 Non- | . J1 CRC félled for Contact the
0x90AA f Reset impossible | slave chip data
rame resettable fault ; manufacturer.
rame
J2 CRC failed for
slave chip data | No1 Non- | . J2 CRC félled for Contact the
0x90AB f Reset impossible | slave chip data
rame resettable fault ; manufacturer.
rame
J3 CRC failed for
slave chip data | No1 Non- | ' J3 CRC fa'|led for Contact the
0x90AC f Reset impossible | slave chip data
rame resettable fault manufacturer.

frame
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Fault code Fault name Fault level Reset mode Fault cause Solution
J4 CRC failed for
. 4 CRC failed for
slave chip data | No1 Non- , _ J _ Contact the
0x90AD f Reset impossible | slave chip data
rame resettable fault manufacturer.
frame
J5 CRC failed for
. J5 CRC failed for
slave chip data | No.1 Non- . ' ' Contact the
0x90AE f Reset impossible | slave chip data
rame resettable fault manufacturer.
frame
J6 CRC failed for
. J6 CRC failed for
slave chipdata | No1 Non- , ' ' Contact the
0x90AF f Reset impossible | slave chip data
rame resettable fault manufacturer.
frame
J1 SN code J1 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90B6 ) Reset impossible )
master chip resettable fault master chip manufacturer.
data frame data frame
J2 SN code J2 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90B7 ) Reset impossible )
master chip resettable fault master chip manufacturer.
data frame data frame
J3 SN code J3 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90B8 ) Reset impossible )
master chip resettable fault master chip manufacturer.
data frame data frame
J4 SN code J4 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90B9 ) Reset impossible i
master chip resettable fault master chip manufacturer.
data frame data frame
J5 SN code J5 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90BA ) Reset impossible )
master chip resettable fault master chip manufacturer.
data frame data frame
J6 SN code J6 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90BB ) Reset impossible )
master chip resettable fault master chip manufacturer.
data frame data frame
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Fault code Fault name Fault level Reset mode Fault cause Solution
J1 SN code J1 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90C2 ] Reset impossible ]
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J2 SN code J2 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90C3 ) Reset impossible .
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J3 SN code J3 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90C4 . Reset impossible .
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J4 SN code J4 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90C5 ) Reset impossible )
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J5 SN code J5 SN code
fluctuates in No.1 Non- . ) fluctuates in Contact the
0x90C6 ] Reset impossible ]
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J6 SN code J6 SN code
fluctuates in No.1 Non- ) ) fluctuates in Contact the
0x90C7 ) Reset impossible .
slave chip data |resettable fault slave chip data | manufacturer.
frame frame
J1 multi-turn J1 multi-turn
) No.1 Non- i ) i Contact the
0x90CE value in master Reset impossible | value in master
) resettable fault ) manufacturer.
chip overflows chip overflows
J2 multi-turn J2 multi-turn
) No.1 Non- ) ) ) Contact the
0x90CF value in master Reset impossible | value in master
) resettable fault ) manufacturer.
chip overflows chip overflows
J3 multi-turn J3 multi-turn
) No.1 Non- ) ) ) Contact the
0x90D0 value in master Reset impossible | value in master
] resettable fault ] manufacturer.
chip overflows chip overflows
J4 multi-turn J4 multi-turn
) No.1 Non- . . . Contact the
0x90D1 value in master Reset impossible | value in master
. resettable fault . manufacturer.
chip overflows chip overflows
J5 multi-turn J5 multi-turn
) No.1 Non- . ) ) Contact the
0x90D2 value in master Reset impossible | value in master
resettable fault manufacturer.

chip overflows

chip overflows

-202-




Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
J6 multi-turn J6 multi-turn
) No.1 Non- ) ) ) Contact the
0x90D3 value in master Reset impossible | value in master
] resettable fault ] manufacturer.
chip overflows chip overflows
J1 multi-turn J1 multi-turn
) No.1 Non- . ) . Contact the
0x90DA value in slave Reset impossible | value in slave
. resettable fault . manufacturer.
chip overflows chip overflows
J2 multi-turn J2 multi-turn
) No.1 Non- . ) . Contact the
0x90DB value in slave Reset impossible | value in slave
) resettable fault ) manufacturer.
chip overflows chip overflows
J3 multi-turn J3 multi-turn
) No.1 Non- ) ) ) Contact the
0x90DC value in slave Reset impossible | value in slave
] resettable fault ) manufacturer.
chip overflows chip overflows
J4 multi-turn J4 multi-turn
. No.1 Non- . . . Contact the
0x90DD value in slave Reset impossible | value in slave
] resettable fault ] manufacturer.
chip overflows chip overflows
J5 multi-turn J5 multi-turn
) No.1 Non- . ) ) Contact the
0x90DE value in slave Reset impossible | value in slave
) resettable fault ) manufacturer.
chip overflows chip overflows
J6 multi-turn J6 multi-turn
) No.1 Non- ) ) ) Contact the
0x90DF value in slave Reset impossible | value in slave
) resettable fault ) manufacturer.
chip overflows chip overflows
The joint
position state is
Joint position No.1 Non- . ) checked Contact the
0x90E6 Reset impossible | )
state abnormal |resettable fault inconsistent manufacturer.
between master
and slave chips.
The joint speed
) state is checked
Joint speed state | No.1 Non- ) ) ] ) Contact the
0x90E7 Reset impossible | inconsistent
abnormal resettable fault manufacturer.
between master
and slave chips.
The Cartesian
speed status is
Cartesian speed |No.1 Non- ) ) checked Contact the
0x90E8 Reset impossible | .
status abnormal | resettable fault inconsistent manufacturer.
between master
and slave chips.
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Fault code Fault name Fault level Reset mode Fault cause Solution
The low-speed
Low-speed state is checked
) No.1 Non- ) ) ] ) Contact the
0x90E9 safety function Reset impossible | inconsistent
resettable fault manufacturer.
state abnormal between master
and slave chips.
) The Cartesian
Cartesian . .
. position status is
position
o No.1 Non- ) ) checked Contact the
0x90EA monitoring Reset impossible | .
] resettable fault inconsistent manufacturer.
function status
between master
abnormal ]
and slave chips.
The emergency
stop state is
Category 1
No.1 Non- ) ) checked Contact the
0x90EB emergency stop Reset impossible | .
resettable fault inconsistent manufacturer.
state abnormal
between master
and slave chips.
The running
) state is checked
Running state No.1 Non- . . ) . Contact the
0x90EC Reset impossible | inconsistent
abnormal resettable fault manufacturer.
between master
and slave chips.
System System
R No.1 Non- ) ) o Contact the
0x90ED initialization Reset impossible | initialization
) resettable fault ) manufacturer.
failed failed
AbnormalJ1in Abnormal]J1in
) No.1 Non- ) ) } Contact the
0x90EE master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
AbnormalJ2 in AbnormalJ2in
} No.1 Non- . ) : Contact the
0x90EF master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
AbnormalJ3in AbnormalJ3in
) No.1 Non- . ) ) Contact the
0x90F0 master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
Abnormal 4 in Abnormal 4 in
) No.1 Non- ) ) ) Contact the
0x90F1 master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
Abnormal J5in AbnormalJ5in
: No.1 Non- . ) . Contact the
0x90F2 master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
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Fault code Fault name Fault level Reset mode Fault cause Solution
Abnormal J6 in Abnormal J6 in
) No.1 Non- ) ) } Contact the
0x90F3 master chip Reset impossible | master chip
resettable fault manufacturer.
data frame data frame
Abnormal]1in Abnormal]1in
) No.1 Non- . ) ) Contact the
0x90F4 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
AbnormalJ2in AbnormalJ2in
] No.1 Non- . ) ] Contact the
0x90F5 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
Abnormal)J3in Abnormalj3in
] No.1 Non- ) ) ] Contact the
0x90F6 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
Abnormal J4 in Abnormal 4 in
. No.1 Non- . . . Contact the
0x90F7 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
Abnormal 5 in AbnormalJ5in
. No.1 Non- i . . Contact the
0x90F8 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
Abnormal 6 in Abnormal 6 in
] No.1 Non- ) ) ] Contact the
0x90F9 slave chip data Reset impossible | slave chip data
resettable fault manufacturer.
frame frame
Master chip Master chip
) No.2 Resettable )
0x9106 triggers fault Reset manually |triggers Clear the alarm.
au
Category 0 stop Category 0 stop
Slave chip Slave chip
. No.2 Resettable i
0x9107 triggers Eault Reset manually |triggers Clear the alarm.
au
Category 0 stop Category 0 stop
MCU MCU
configuration No.1 Non- ) ) configuration Contact the
0x20FD . ) Reset impossible | ]
information resettable fault information manufacturer.
check error check error
Communication
MCUA failedto | No.1 Non- . . error between Contact the
0x9301 Reset impossible |
read EEPROM resettable fault chip and manufacturer.
EEPROM
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Fault code Fault name Fault level Reset mode Fault cause Solution
Communication
MCUB failedto |No.1 Non- . ) error between Contact the
0x9302 Reset impossible |
read EEPROM resettable fault chip and manufacturer.
EEPROM
Communication
MCUA failed to  |No.1 Non- ) ) error between Contact the
0x9303 . Reset impossible |
write EEPROM resettable fault chip and manufacturer.
EEPROM
Communication
MCUB failedto |No.1 Non- ) ) error between Contact the
0x9304 ) Reset impossible |
write EEPROM resettable fault chip and manufacturer.
EEPROM
MCUA has a Communication
DMA No.1 Non- . ) error between Contact the
0x9305 o Reset impossible |
transmission resettable fault chip and manufacturer.
error EEPROM
MCUB has a Communication
DMA No.1 Non- . ) error between Contact the
0x9306 o Reset impossible |
transmission resettable fault chip and manufacturer.
error EEPROM
MCUB discharge Discharge
No.1 Non- . ) Contact the
0x9307 voltage Reset impossible | voltage
. . resettable fault manufacturer.
collection failed abnormal
The power
supply voltage | Check the
MCUA 3.3V No.2 Resettable
0x9308 Reset manually | of the safety power supply
abnormal fault .
controller is voltage.
abnormal.
The power
supply voltage | Check the
MCUB 3.3V No.2 Resettable
0x9309 Reset manually |of the safety power supply
abnormal fault )
controller is voltage.
abnormal.
The board
MCUA board Check the
No.2 Resettable voltage of safety
0x930A voltage Reset manually ) power supply
fault controller is
abnormal voltage.

abnormal.
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Fault code Fault name Fault level Reset mode Fault cause Solution
The board
MCUAB board Check the
No.2 Resettable voltage of safety
0x930B voltage Reset manually ) power supply
fault controller is
abnormal voltage.
abnormal.
_ EEPROM
CRC check failed .
) No.1 Non- ) ) parameter in Contact the
0x930C during MCUA Reset impossible i
T resettable fault MCUA is manufacturer.
initialization
abnormal.
_ EEPROM
CRC check failed )
) No.1 Non- ) ) parameter in Contact the
0x930D during MCUB Reset impossible )
ST resettable fault MCUB is manufacturer.
initialization
abnormal.
. EEPROM
CRC check failed )
) No.1 Non- ] ) parameter in Contact the
0x930E during MCUA Reset impossible )
resettable fault MCUA is manufacturer.
mutual check
abnormal.
) EEPROM
CRC check failed )
i No.1 Non- ] ] parameter in Contact the
0x930F during MCUB Reset impossible )
resettable fault MCUB is manufacturer.
mutual check
abnormal.
MCUA chip self- |No.1 Non- ) ) The chip is Contact the
0x9310 . Reset impossible
test failed resettable fault damaged. manufacturer.
MCUB chip self- |No.1 Non- ) ) The chip is Contact the
0x9311 ) Reset impossible
test failed resettable fault damaged. manufacturer.
MCUA failed to
parse mailbox |No.1 Non- . ) Communication |Contactthe
0x9312 Reset impossible
data of the host |resettable fault error manufacturer.
controller
MCUA failed to
process mailbox |No.1 Non- . ) Communication |Contactthe
0x9313 Reset impossible
data of the host |resettable fault error manufacturer.
controller
MCUA failed to o
No.1 Non- . . Communication |Contact the
0x9314 parse MCUB Reset impossible
) resettable fault error manufacturer.
mailbox data
MCUA failed to o
No.1 Non- . . Communication |Contactthe
0x9315 process MCUB Reset impossible
) resettable fault error manufacturer.
mailbox data
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Fault code Fault name Fault level Reset mode Fault cause Solution
MCUB failed to o
No.1 Non- ) ) Communication |Contact the
0x9316 parse MCUA Reset impossible
] resettable fault error manufacturer.
mailbox data
MCUB failed to o
No.1 Non- . . Communication |Contact the
0x9317 process MCUA Reset impossible
. resettable fault error manufacturer.
mailbox data
MCUA detects o
) . No.1 Non- . . Communication |Contactthe
0x9318 disconnection Reset impossible
resettable fault error manufacturer.
from MCUB
MCUA detects o
) . No.1 Non- ) ) Communication |Contactthe
0x9319 disconnection Reset impossible
resettable fault error manufacturer.
from FPGA
MCUA failed to | No.2 Resettable
0x931A Reset manually | DI abnormal Check the DI
compare Dls fault
MCUB failedto | No.2 Resettable
0x931B Reset manually | DI abnormal Check the DI
compare Dls fault
MCUA timed out
while waiting for | No.1 Non- . . Communication |Contact the
0x931C Reset impossible
a message from | resettable fault error manufacturer.
MCUB
MCUA interrupt o
) No.1 Non- ) ) Communication |Contact the
0x931D execution Reset impossible
) resettable fault error manufacturer.
timeout
MCUB interrupt o
. No.1 Non- . . Communication |Contact the
0x931E execution Reset impossible
. resettable fault error manufacturer.
timeout
MCUA timing No.1 Non- ) ) Contact the
0x931F Reset impossible | Hardware fault
abnormal resettable fault manufacturer.
MCUB timing No.1 Non- . ) Contact the
0x9320 Reset impossible | Hardware fault
abnormal resettable fault manufacturer.
Check the
) ) external 24 V
MCUA failed to | No.2 Resettable The DO is
0x9321 Reset manually power supply of
compare DOs fault abnormal.

the safety
module.
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
Check the
. . external 24 V
MCUB failedto | No.2 Resettable The DO is
0x9322 Reset manually power supply of
compare DOs fault abnormal.
the safety
module.
MCUA
parameter No.1 Non- ) ) Parameter Contact the
0x9323 o Reset impossible .
initialization resettable fault saving error manufacturer.
failed
MCUB parameter
o No.1 Non- . ) Parameter Contact the
0x9324 initialization Reset impossible )
. resettable fault saving error manufacturer.
failed
MCUA failedto | No.1 Non- . . Parameter Contact the
0x9325 Reset impossible )
save parameters | resettable fault saving error manufacturer.
MCUB failedto |No.1 Non- ) ) Parameter Contact the
0x9326 Reset impossible )
save parameters | resettable fault saving error manufacturer.
Check the
MCUA output pin | No.2 Resettable Pin read-back external 24 V
0x9327 ) Reset manually
read-back failed |fault error power supply of
the DI terminal.
Check the
MCUB output pin | No.2 Resettable Pin read-back external 24 V
0x9328 ] Reset manually
read-back failed |fault error power supply of
the DI terminal.
. The teach
DI comparison
. No.1 Non- . ) pendant enable | Contactthe
0x9329 failed for three- Reset impossible | )
o resettable fault signalis manufacturer.
position enable
abnormal.
Clock self-test | No.1 Non- . . . . Contact the
0x932A . Reset impossible | Chip exception
failed resettable fault manufacturer.
CPU self-test No.1 Non- ) ) ) ) Contact the
0x932B . Reset impossible | Chip exception
failed resettable fault manufacturer.
RAM self-test No.1 Non- . ) ) . Contact the
0x932C ) Reset impossible | Chip exception
failed resettable fault manufacturer.
Flash self-test | No.1 Non- . ) . . Contact the
0x932D i Reset impossible | Chip exception
failed resettable fault manufacturer.
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
External
protective stop
properties have Change the DI
MCUA triggers b )
Ox932E X l No.2 Resettable Reset ! een properties or
X externa eset manua )
. fault Y | configured, but | check the DI
protective stop there is no DI input
input
The emergency
stop properties |Change the DI
MCUA triggers P prop E .
No.2 Resettable have been properties or
0x932F an emergency Reset manually )
‘ fault configured, but | check the DI
sto
P there is no DI input
input
External
protective stop
properties have Change the DI
MCUB triggers b .
0x9330 . l No.2 Resettable Reset ! een properties or
X externa eset manua )
_ fault Y| configured, but | check the DI
protective stop there is no DI input
input
The emergency
stop properties | Change the DI
MCUB triggers P prop 9 )
No.2 Resettable have been properties or
0x9331 an emergency Reset manually )
‘ fault configured, but | check the DI
sto
P there is no DI input
input
MCUA Safety
No.1 Non- ) ) Contact the
0x9332 parameter read- Reset impossible | parameter
) resettable fault ) manufacturer.
back failed saving error
Safety
MCUB parameter | No.1 Non- ) ) Contact the
0x9333 ) Reset impossible | parameter
read-back failed | resettable fault ] manufacturer.
saving error
System restart The safety
required after controller
arameters
reset of safety | No.3 Resettable P Manually restart
0x9334 M ) Reset manually | have been
controller warning i lived and the controller
parameters initialized an

take effect after
reboot.
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
Main chip of the Software update
safety module caused a safety |Initialized the
) No.2 Resettable
0x9345 failed to read fault Reset manually | parameter safety
au
the parameter compatibility parameters.
version number issue
Slave chip of the Software update
safety module caused a safety |Initialized the
No.2 Resettable
0x9346 failed to read fault Reset manually | parameter safety
au
the parameter compatibility parameters.
version number issue
Main chip of the Software update
safety module caused a safety |Initialized the
. No.2 Resettable
0x9347 failed to read fault Reset manually | parameter safety
au
the parameter compatibility parameters.
length issue
Slave chip of the Software update
safety module caused a safety |Initialized the
) No.2 Resettable
0x9348 failed to read fault Reset manually | parameter safety
au
the parameter compatibility parameters.
length issue
CRC write error Software update
on the main chip caused a safety |Initialized the
No.2 Resettable
0x9349 of the safety fault Reset manually | parameter safety
au
module during compatibility parameters.
software update issue
CRC write error
Software update
on the slave o
. caused a safety |Initialized the
chip of the No.2 Resettable
0x934A Reset manually | parameter safety
safety module |fault o
) compatibility parameters.
during software )
issue
update
Length check
Software update
error on the o
. . caused a safety |Initialized the
main chip of the | No.2 Resettable
0x934B Reset manually |parameter safety
safety module |fault o
) compatibility parameters.
during program )
issue
update
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
Length check
Software update
error on the o
] ) caused a safety |Initialized the
main chip of the | No.2 Resettable
0x934C Reset manually | parameter safety
safety module |fault o
) compatibility parameters.
during program )
issue
update
Parameter
version number Software update
write error on caused a safety |Initialized the
) ) No.2 Resettable
0x934D the main chip of fault Reset manually | parameter safety
au
the safety compatibility parameters.
module during issue
software update
Parameter
version number Software update
write error on caused a safety |Initialized the
. No.2 Resettable
0x934E the slave chip of fault Reset manually | parameter safety
au
the safety compatibility parameters.
module during issue
software update
Length info
) Software update
write error on o
. . caused a safety |Initialized the
the main chip of | No.2 Resettable
0x934F Reset manually | parameter safety
the safety fault o
. compatibility parameters.
module during )
issue
software update
Length info
) Software update
write error on o
) caused a safety |Initialized the
the slave chip of | No.2 Resettable
0x9350 Reset manually | parameter safety
the safety fault o
. compatibility parameters.
module during ]
issue
software update
Parameter error Software update
on the main chip caused a safety |Initialized the
No.2 Resettable
0x9351 of the safety fault Reset manually | parameter safety
au
module during compatibility parameters.

software update

issue
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
Parameter error
Software update
on the slave o
) caused a safety |Initialized the
chip of the No.2 Resettable
0x9352 Reset manually | parameter safety
safety module |fault o
) compatibility parameters.
during software )
issue
update
Parameter write
Software update
error on the o
) . caused a safety |Initialized the
main chip of the | No.2 Resettable
0x9353 Reset manually |parameter safety
safety module |fault o
) compatibility parameters.
during software )
issue
update
Parameter write
Software update
error on the o
. caused a safety |Initialized the
slave chip of the | No.2 Resettable
0x9354 Reset manually | parameter safety
safety module |fault o
. compatibility parameters.
during software )
issue
update
Incompatible
) Software update
version o
caused a safety |Initialized the
parameters No.2 Resettable
0x9355 ) Reset manually | parameter safety
detected in the |fault o
) . compatibility parameters.
main chip of the ]
issue
safety module
Incompatible
) Software update
version o
caused a safety |Initialized the
parameters No.2 Resettable
0x9356 ) Reset manually | parameter safety
detected in the |fault o
) compatibility parameters.
slave chip of the )
issue
safety module
CRC error
detected while Software update
writing safety caused a safety |Initialized the
No.2 Resettable
0x9361 parameters to fault Reset manually | parameter safety
au
the main chip of compatibility parameters.
the safety issue
module
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
CRC error
detected while Software update
writing safety caused a safety |Initialized the
No.2 Resettable
0x9362 parameters to fault Reset manually | parameter safety
au
the slave chip of compatibility parameters.
the safety issue
module
Error writing
safety
Software update
parameters o
] caused a safety |Initialized the
during the No.2 Resettable
0x9363 T Reset manually |parameter safety
initialization fault o
compatibility parameters.
phase of the )
issue
main chip of the
safety module
Error writing
safety
Software update
parameters -
. caused a safety |Initialized the
during the No.2 Resettable
0x9364 o Reset manually | parameter safety
initialization fault o
compatibility parameters.
phase of the )
issue
slave chip of the
safety module
Error writing
) ; Software update
flag bit during o
] caused a safety |Initialized the
the initialization |No.2 Resettable
0x9365 Reset manually | parameter safety
phase of the fault o
. . compatibility parameters.
main chip of the )
issue
safety module
Error writing
) ) Software update
flag bit during o
] caused a safety |Initialized the
the initialization | No.2 Resettable
0x9366 Reset manually | parameter safety
phase of the fault o
. compatibility parameters.
slave chip of the ]
issue
safety module
Abnormal relay
state detected The input of
) _ | No.2 Resettable | Checkthe
0x9369 by the main chip Reset manually |safety Dl portis | =
fault circuit.

of the safety
module

abnormal.
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Safety Function Troubleshooting

Fault code

Fault name

Fault level

Reset mode

Fault cause

Solution

0x936A

Abnormal relay
state detected
by the slave chip
of the safety
module

No.2 Resettable
fault

Reset manually

The input of
safety DI port is

abnormal.

Check the

circuit.

0x936B

Emergency stop
triggered by the
main chip of the
safety module
on the DI-
configurable
teach pendant/

controller

No.2 Resettable
fault

Reset manually

The input of
safety DI port is
abnormal.

Check the
circuit.

0x936C

Emergency stop
triggered by the
slave chip of the
safety module
on the DI-
configurable
teach pendant/
controller

No.2 Resettable
fault

Reset manually

The input of
safety DI port is
abnormal.

Check the
circuit.

0x936D

Abnormal relay
state detected
by the main chip
of the safety
module during
DI mutual-check
monitoring
process

No.2 Resettable
fault

Reset manually

The input of
safety DI port is
abnormal.

Check the
circuit.

0x936E

Abnormal relay
state detected
by the slave chip
of the safety
module during
DI mutual-check
monitoring
process

No.2 Resettable
fault

Reset manually

The input of
safety DI port is

abnormal.

Check the
circuit.
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Safety Function Troubleshooting

Fault code Fault name Fault level Reset mode Fault cause Solution
Abnormal relay
state detected
by the slave
chip, leading to The input of
No.2 Resettable | Checkthe
0x936F an emergency Reset manually |safety Dl portis | =
fault circuit.
stop output from abnormal.
the main chip of
the safety
module
Abnormal relay
state detected
by the main
chip, leading to The input of
No.2 Resettable | Checkthe
0x9370 an emergency Reset manually |safety Dl portis | =
fault circuit.
stop output from abnormal.
the slave chip of
the safety
module
Configured DI The additional
Restore the
additional emergency stop .
additional
emergency stop | No.2 Resettable configured on
0x9390 ) Reset manually emergency stop
triggered by the |fault the safety
) ] DI on the safety
main chip of the module has
] module.
safety module been triggered.
Configured DI The additional
o Restore the
additional emergency stop .
) additional
emergency stop | No.2 Resettable configured on
0x9391 Reset manually emergency stop

triggered by
slave chip of the
safety module

fault

the safety
module has
been triggered.

DI on the safety
module.

&WARNING

Reset manually: Initializing safety controller parameters requires a power cycle to take effect. Manually

restart the control cabinet afterwards.
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Certification and Standard Compliance

8

Certification and Standard Compliance

Certification mark Certification Description Instruction

The product complies with the EN 60204-1:2018

CE LVD, MD, EMC, and RoHS « ENISO 10218-1:2011
directives and is labeled with
the CE mark. e ENISO 12100:2010

« EN61000-6-2:2019

« EN61000-6-4:2019

?E.\I FUNKTIONALE SCHERET SGS-TUV S This product is certified by SGS-
FUNCTIONAL SAFETY = a a r
| SARR 7o TUV Saar for functional safety. | 150 13849-1:2023

« ENISO 13849-1:2015

o UL 1740,4th Ed., Jan. 26,

) ) . 2018
This product is certified by SGS
SGS <GS North America of Nationally + NFPA79 2021 Edition,
cSGSus
E - Recognized Test Laboratory Dated Oct. 25, 2020
(NRTL). « CAN/CSA Z434-14
(R2019), Reaffirmed 2019
This product has passed the
Federal Communications
FCC -

Commission (FCC) EMC testing

and carries the FCC mark.

KC certification mark

The robot controller with the KC mark on the nameplate complies with the electromagnetic compatibility
standards of South Korea.

o] 717|= €FE8 A3 TXOE?|17|2M HOIA E=AMEAE O B
Fol5tAl7| Bi2HD, 7 elel X|GojA ARSI g SXHo= FC
For sellers or other users, please bear in mind that this device is an A-grade

electromagnetic wave device.

This device is intended to be used in areas other than at home.

Model Certification Compliance

IRCB501-4MD
CE Certification

IRCB501-6ND
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Certification and Standard Compliance

Model

Certification Compliance

IRCB501-4AD

IRCB501-4CD

IRCB501-4ED

IRCB501-6LD

IRCB501-6FD

CE certification, cSGSus certification and FCC certification

IRCB501-4AD-INT

IRCB501-4CD-INT

IRCB501-4ED-INT

IRCB501-4MD-INT

IRCB501-6LD-INT

IRCB501-6FD-INT

IRCB501-6ND-INT

CE Certification
cSGSus Certification

Functional safety certification (functional safety expansion
card required)

FCC certification

KC certification
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Service and Support

Should you encounter a safety accident during the use or operation of the product, or face challenges in
operating and maintaining the equipment, which remain unresolved after the relevant documentation is

consulted, we provide multiple channels to ensure prompt resolution:
e Channel #1: Contact service@inovance.com.

e Channel #2: Visit https://www.inovance.com/global to access document downloads, after-sales support,

spare parts ordering, repair applications, and authenticity verification services.

e Channel #3: Download My Inovance app (https://zshc-eu.inovance.com/download-pc/) where you can

access products info and documentation, and query product parameters.

We are committed to providing you with quick and professional technical support, and we look forward to

your satisfaction and trust.
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