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1. Preface

Introduction

About this
manual

Content
disclaimer

Online
manuals

Congratulations on the purchase of your new Universal Robots robot, that consists of the
robot arm (manipulator), Control Box and the Teach Pendant.

Originally designed to mimic the range of motion of a human arm, the robot arm is
composed of aluminium tubes, articulated by six joints, allowing for a high range of
flexibility in your automation installation.

The Universal Robots patented programming interface, PolyScope, allows you to create,
load and run your automation applications.

This manual contains safety information, guidelines for safe use, and instructions to mount
the robot arm, Control Box and Teach Pendant. You can also find instructions for how to
begin to install and how to start programming the robot.

Read and adhere to the intended uses. Perform a risk assessment. Install and use in
accordance with the electrical and mechanical specifications provided in this user manual.

Risk assessment requires an understanding of the hazards, risks and risk reduction
measures for the robot application. Robot integration can require a basic level of
mechanical and electrical training.

Universal Robots A/S continues to improve the reliability and performance of its products,
and as such reserves the right to upgrade products, and product documentation, without
prior warning. Universal Robots A/S takes every care to ensure the content of the User
Manual/s is precise and correct, but takes no responsibility for any errors or missing
information.

This manual does not contain warranty information.

Manuals, guides and handbooks can be read online. We have gathered a large number of
documents at https://www.universal-robots.com/manuals

* PolyScope Software Handbook with descriptions and instructions for the software

* The Service Handbook with instructions for troubleshooting, maintenance and
repair

* The Script Directory with scripting for in depth programming

UR16e
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UR+ The online showroom UR+www.universal-robots.com/plus provides cutting-edge products
to customize your UR robot application. You can find everything you need in one place —
from tools and accessories to software.

UR+ products connect to and work with UR robots to ensure simple set-up and an overall
smooth user experience. All UR+ products are tested by UR.

You can also access the UR+ Partner Program via our software platform plus.universal-
robots.com to design more user-friendly products for UR robots.

Academy The UR Academy site academy.universal-robots.com offers a variety of training
opportunities.

myUR The myUR portal allows you to register all your robots, keep track of service cases and
answer general support questions.

Sign into myur.universal-robots.com to access the portal.

In the myUR portal, your cases are handled either by your preferred distributor, or escalated
to Universal Robots Customer Service teams.
You can also subscribe to robot monitoring and manage additional user accounts in your

company.
Developer The UR Developer Suite universal-robots.com/products/ur-developer-suite is a collection
suite of all the tools needed to build an entire solution, including developing URCaps, adapting

end-effectors, and integrating hardware.

Support The support site www.universal-robots.com/support contains other language versions of this
manual
UR forums The UR Forum forum.universal-robots.com allows robot enthusiasts of all skill levels to

connect to UR and each other, to ask questions and to exchange information. While the UR
Forum was created by UR+ and our admins are UR employees, the majority of the content
is created by you, the UR Forum user.

Address Universal Robots A/S
Energivej 51
DK-5260 Odense Denmark
Tel.: +4589 93 89 89
Please see the official Universal Robots website for regional offices.
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2. Liability and Intended Use

2.1. Limitation of Liability

Description

Any information provided in this manual must not be construed as a warranty, by UR, that
the industrial robot will not cause injury or damage, even if the industrial robot complies
with all safety instructions and information for use.

2.2. Intended Use

Description

NOTICE

Universal Robots takes no responsibility and assumes no liability for
unapproved uses of its robots or uses for which its robots are not
intended and Universal Robots will provide no support for unintended
uses.

READ MANUAL
Failure to use the robot in accordance with the intended use can result in
hazardous situations.

* Read and follow the recommendations for intended use and the
specifications provided in the User Manual.

Universal Robots robots are intended for industrial use, to handle tools/end effectors and
fixtures, or to process or transfer components or products.

All UR robots are equipped with safety functions, which are purposely designed to enable
collaborative applications, where the robot application operates together with a human.
The safety function settings must be set to the appropriate values as determined by the
robot application risk assessment.

The robot and Control Box are intended for inside use where, normally, only non-
conductive pollution occurs i.e. Pollution degree 2 environments.

Collaborative applications are only intended for non-hazardous applications, where the
complete application, including tool/end effector, work piece, obstacles and other
machines, is low risk according to the risk assessment of the specific application.

UR16e
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A

A

WARNING

Using UR robots or UR products outside of the intended uses can result in
injuries, death and/or property damage. Do not use the UR robot or products for
any of the below unintended uses and applications:

* Medical use, i.e. uses relating to disease, injury or disability in humans
including the following purposes:

* Rehabilitation
* Assessment
* Compensation or alleviation
* Diagnostic
* Treatment
* Surgical
* Healthcare
* Prosthetics and other aids for the physically impaired
* Any use in proximity to patient/s
* Handling, lifting, or transporting people

* Any application requiring compliance with specific hygienic and/or
sanitation standards, such as proximity or direct contact with food,
beverage, pharmaceutical, and /or cosmetic products.

* URjoint grease leaks, and can also be released as vapor into the
air.

* URjoint grease is not “food grade”.

* UR robots do not meet any food, National Sanitization Foundation
(NSF), Food and Drug Administration (FDA), or hygienic design
standards.

Hygienic standards, for example ISO 14159 and EN 1672-2, require a
hygiene risk assessment be conducted.

* Any use, or any application, deviating from the intended use,
specifications, and certifications of UR robots or UR products.

* Misuse is prohibited as the result could be death, personal injury, and /or
property damage

UNIVERSAL ROBOTS EXPRESSLY DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY OF FITNESS FOR ANY PARTICULAR USE.

WARNING

Failure to consider the added risks due to the reach, payloads, operating torques
and speeds associated with robot application, can result in injury or death.

* Your application risk assessment shall include the risks associated with
the application's reach, motion, payload and speed of the robot, end
effector and workpiece.

User Manual
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2. Liability and Intended Use

A

WARNING

Do not modify or alter e-Series robots end caps. A modification can create
unforeseen hazards. All authorized disassembling and reassembling shall be
done at a UR service center, or can be done according to the newest version of
all relevant service manuals by skilled persons.

UR16e
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3. Your Robot

3.1. Technical Specifications UR16e

General Maximum payload 16 kg/35.21b
specification Reach 900 mm/35.4in
Degrees of freedom 6 rotating joints

PolyScope 5 GUI on 12" touchscreen
or PolyScope X GUI on 12" touchscreen

Power consumption (average) | 585 WApprox. 350 W using a typical program
0-50 °C. At ambient temperatures above 35°C, the

Programming

Ambient temperature range robot may operate at reduced speed and
performance.
. 21 configurable safety functions. PLd Category 3 in
Safety functions accordance with: EN 1SO 13849-1.
Performance Force Torque sensor accuracy | 5.5N
Movement Base and Shoulder joints: Max 120 °/s.
Speed All other joints: Max 180 °/s .
pee Maximum TCP speed: Approx. 3 m/s / Approx. 118.1
in/s.
Pose repeatability £ 0.05mm/+0.0019 in (1.9 mils)per ISO 9283
Joint ranges + 360 ° for all joints except Elbow + 160 °
Features IP classification IP54
Noise Robot Arm: Less than 65dB(A) Control Box: Less than
50dB(A)
Tool I/O ports 2 digital in, 2 digital out, 2 analog in
Tool I/O power supply & voltage | 2 A (Dual pin) 1 A (Single pin) & 12 V/24 V
Physical Footprint @190 mm/7.5in
Materials Aluminium, PC/ASA plastic
Robot arm weight 33.1kg/7291b

User Manual 18 UR16e
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Control Control Box power source 100-240 VAC, 47-440 Hz
Box Control Box size (W x H x D) 460 mm x 449 mm x 254 mm/18.2inx 17.6in x 10in
Control Box I/O ports 16 digital in, 16 digital out, 2 analog in, 2 analog out
Control Box I/O power supply 24V 2 A in Control Box
System update frequency 500 Hz
Short-Circuit Current Rating
(SCCR) 200A
Communication MODBUS TCP & Ethernet/IP adapter, PROFINET, USB
2.0,USB 3.0
Tool Communication RS-485
Robot TP cable: Teach Pendant to .
Cable Control Box 45m/177in

Standard (PVC) 1 m/39in x 12.1 mm.
Standard (PVC) 2 m/78.7 in x 12.1 mm.
Standard (PVC) 3 m/118inx 12.1 mm.
Standard (PVC) 6 m/236 in x 12.1 mm.
Standard (PVC) 12 m/472.4 in x 12.1 mm.
High flex (PUR) 6 m/236 in x 13.4 mm.
High flex (PUR) 12 m/472.4 in x 13.4 mm.
High flex (PUR) 6 m/236 in x 14.6 mm.
High flex (PUR) 12 m/472.4 in x 14.6 mm.

Robot Cable: Robot Arm to
Control Box (options)

(
(
(
(

3.2. WhatlsIn The Box

In the boxes * Robotarm
* Control Box
* Teach Pendant or a 3PE Teach Pendant
* Mounting bracket for the Control Box
* Mounting bracket for the 3PE Teach Pendant
* Key for opening the Control Box

* Cable for connecting the robot arm and the Control Box (multiple options available
depending on robot size)

* Mains cable or power cable compatible with your region
* Round sling or lifting sling (depending on robot size)
* Tool cable adapter (depending on robot version)

* This manual

UR16e 19 User Manual
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3.2.1. Robot Arm

About the The Joints, Base and Tool Flange are the main components of the robot arm. The controller
robot arm coordinates joint motion to move the robot arm.

Attaching an end effector (tool) to the Tool Flange at the end of the robot arm, allows the
robot to manipulate a workpiece. Some tools have a specific purpose beyond manipulating
a part, for example, QC inspection, applying adhesives and welding.

st 1 jaind

T
Wiish 7 joint

-

%Y

Shoulicar joind

Eloow joint

The main components of the robot arm.

* Base: where the robot arm is mounted.

* Shoulder and Elbow: make larger movements.

* Wrist 1 and Wrist 2: make finer movements.

* Wirist 3: where the tool is attached to the Tool Flange.

The robot is partly completed machinery, as such a Declaration of Incorporation is provided. A
risk assessment is required for each robot application.

3.2.2. Control Box

About the The Control Box houses the connection ports and Controller Inputs and Outputs (I/0O) used

Control Box in robot arm programs and installations. The connection ports are used for external
connections. The I/O are groups of electrical interfaces used for communication and
configuration.

User Manual 20 UR16e
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External connections ports.

Safety Remote Power Configurable Inputs| |Configurable Outputs Digital Inputs Digital Outputs
2 |24v 12V|H| PWR 24v(H||24v(H| | ov |H|| oV M| [24V/H||24V/H| [oV |H|| oV |H
Ué EIO GND|H| |GND! CIO|M|[{Cl4|H| [COO|M||cO4|/H| |DIO|M|(DI4|H| [DOO|H|[DO4|H
& |24V ON |H| |24V 24V|M||24v|H| | oV (H|{ oV |H| [24V|H||24V|H| oV (H|| oV (M
E Ell OFF|H| | OV Cl1|H||cI5|H| [cO1/M||co5/M| |DI1|H||DI5|H| |DO1{M||DO5|H
g[24v 24v|M||24v|H| | oV (H|| ov |H| [24v|HE||24V|H| oV [H|| oV |H
;;; SI10 STelalal=]= Cl2|H|[Cl6|H| [cO2|H|/co6/H| |DI2|H|(Di6 (M| [DO2|H|[DO6|H
2 [24v ala|o|a|d|2|[24v|/m|[24v|H]| [ov W|[ov [H| [24v|H]|[24v|H| [ov [H|[ ov|E
a|sin | H N NN C3/H|C7 N CO3M|cCOo7H||D3M D7 N DO3M|DO7H

Input and Output (I/0) groups.

For detailed descriptions of the Control Box connection ports and the Controller I/O, see the

Installation.

3.2.3. Teach Pendant with 3-Position Enabling Device

UR16e
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Description

Overview of
TP

Depending on the robot generation, your Teach Pendant can include a built-in 3PE
device. This is called a 3-Position Enabling Teach Pendant (3PE TP).
Higher payload robots can only use the 3PE TP.

If you are using a 3PE TP, the buttons are located on the underside of the Teach Pendant,
as illustrated below. You can use either button, according to your preference.

If the Teach Pendant is disconnected, you are required to connect and configure an
external 3PE device. The 3PE TP functionality extends to the PolyScope interface, where
there are additional functions in the Header.

NOTICE
* If you have bought a UR15, UR20 or UR30 robot, a Teach
Pendant without the 3PE device will not work.

* Using a UR15, UR20, or UR30 robot requires an external
enabling device or a 3PE Teach Pendant when programming, or
teaching, within the reach of the robot application. See ISO
10218-2.

* The 3PE Teach Pendant is not included with the purchase of the
OEM Control Box, so enabling device functionality is not
provided.

Power button

Emergency Stop button

USB port (comes with a dust cover)
3PE buttons

o Ddp =

User Manual
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Freedrive

A Freedrive robot symbol is located under each 3PE button, as illustrated below.

UR16e
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3PE Teach Pendant Button Functions

Description
NOTICE
The 3PE buttons are only active in Manual mode. In Automatic mode,

robot movement does not require 3PE button action.

The table below describes the functions of the 3PE buttons.

Position Description Action
. Robot movement is stopped in Manual
There is no pressure on .
. mode. Power is not removed from the
1 Release the 3PE button. Itis not .
robot arm and the brakes remain
pressed.
released.
Light- There is some pressure
2 press on the 3PE button. Itis | Allows your program to play when the
(Grip pressed to a middle robot is in Manual mode.
lightly) point.
Tight- There is full pressure on
3 press the 3PE button. ltis Robot movement is stopped in Manual
(Grip pressed all the way mode. Robot is in 3PE Stop.
tightly) down.

Button release Button press

User Manual 24 UR16e
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Using the 3PE Buttons
Using the To play a program
3PE 1. On PolyScope, ensure the robot is set to Manual mode, or switch to Manual mode.

2. Maintain a light-press on the 3PE button.
3. On PolyScope, tap Play to run the program.

The program runs if the robot arm is in the first position of the program.
If the robot is not in the first position of the program, the Move Robot into Position
screen appears.

To stop a program

1. Release the 3PE button or, on PolyScope, tap Stop.

To pause a program
1. Release the 3PE button, or, in PolyScope, tap Pause.

To continue the program execution, keep the 3PE button light pressed and tap
Resume in PolyScope.

Freedrive with 3PE Buttons

Description Freedrive allows the robot arm to be manually pulled into desired positions and/or poses.
Use the 3PE

button to Rapidly light-press, release, light-press again and keep holding the 3PE button in this
freedrive the position.

robot arm Now you can pull the robot arm into a desired position, while the light-press is maintained.

Using Move Robot into Position

Description Move Robot into Position allows the robot arm to move to that start position, after you
complete a program. The robot arm must be in the start position before you can run the
program.

UR16e 25 User Manual
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Move into To use the 3PE button to move the robot arm into position:
position 1. When your program is complete, press Play.
2. Select Play from beginning.

On PolyScope, the Move Robot into Position screen appears displaying robot arm
movement.

3. Light-press and hold the 3PE button.

Now, on PolyScope, press and hold Automove for the robot arm to move to the start
position.

The Play Program screen appears.
5. Maintain a light-press on the 3PE button to run your program.

Release the 3PE button to stop your program.

3.2.4. PolyScope Overview

Description PolyScope is the Graphical User Interface (GUI) on the Teach Pendant that operates the
robot arm via a touch screen. You create, load and execute programs for the robot in
PolyScope. The PolyScope interface is divided as shown in the following illustration:

* A: Header with icons/tabs that make interactive screens available to you.
* B: Footer with buttons that control your loaded program/s.

* C: Screen with fields and options to manage and monitor robot actions.

B

Using the L . . .

Touc% The touch sensitivity is designed to avoid false selections on PolyScope, and to prevent
unexpected motion of the robot.

Screen

User Manual 26 UR16e
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The Teach Pendant touch screen is optimized for use in industrial environments. Unlike
consumer electronics, Teach Pendant touch screen sensitivity is, by design, more resistant to
environmental factors such as:

* water droplets and/or machine coolant droplets
* radio wave emissions
* other conducted noise from the operating environment.
For best results, use the tip of your finger to make a selection on the screen.

In this manual, this is referred to as a "tap".
A commercially available stylus may be used to make selections on the screen if desired.

Icons/Tabs On PolyScope

Description

Header Icons /

Functions

The following section lists and defines the icons/tabs and buttons in the PolyScope
interface.

Run is a simple means of operating the robot using pre-written programs.

v

Program creates and/or modifies robot programs.

P4

e Installation configures robot arm settings and external equipment e.g.
mounting and safety.

Move controls and/or regulates robot movement.

N . . .
I/0 monitors and sets live Input/Output signals to and from robot control box.

D

Log indicates robot health as well as any warning or error messages.

Program and Installation Manager selects
and displays active program and installation. The Program and Installation Manager
includes: File Path, New, Open and Save.

[
New... creates a new Program or Installation.

Open... opens a previously created and saved Program or Installation.

Save... saves a Program, Installation or both at the same time.

UR16e
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Operational
modes

Remote
Control

Footer Icons /
Functions

e Automatic indicates the operational mode of the robot is set to Automatic. Tap it
to switch to the Manual operational mode.

el Manual indicates the operational mode of the robot is set to Manual. Tapiitto
switch to the Automatic operational mode.

The Local mode and Remote mode icons only become accessible if you enable Remote
Control.

Local indicates the robot can be controlled locally. Tap it to switch to Remote control.

Remote indicates the robot can be controlled from a remote location. Tap it to switch
to Local control.

CCCC
Safety Checksum displays the active safety configuration.

E Hamburger Menu accesses PolyScope Help, About and Settings.

E Initialize manages robot state. When RED, press it to make the robot operational.

Speed Slider shows in real time the relative speed at which the
robot arm moves, taking safety settings into account.

Simulation .
Simulation button toggles a program execution

between Simulation Mode and the Real Robot. When running in Simulation Mode, the
Robot Arm does not move. Therefore, the robot cannot damage itself or nearby equipment
in a collision. If you are unsure what the Robot Arm will do, use Simulation Mode to test
programs.

Play starts current loaded robot Program.
Step allows a Program to be run single-stepped.

Stop halts current loaded robot Program.
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High Speed The High Speed Manual hold-to-run function is only available in manual mode when a Three-

Manual Position Enabling Device is configured.
Pl ulER High Speed Manual Modeallows both tool speed and elbow speed to

temporarily exceed 250mm/s.
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4 Safety

Description Read the safety information here to understand key safety guidelines, important safety
messages and your responsibilities when working with the robot.
System design and installation are not covered here.
4.1. General
Description Read the general safety information and the instructions and guidance pertaining to risk

assessment and the intended use. Subsequent sections describe and define safety-
related functions particularly relevant for collaborative applications.

Read and understand the specific engineering data relevant to mounting and installation,
in order to understand the integration of UR robots before the robot is powered on for the
firsttime.

It is essential to observe and follow all assembly instructions in the following sections of
this manual.

@ NOTICE
Universal Robots disclaims any and all liability if the robot (arm Control
Box with or without Teach Pendant) is damaged, changed or modified in
any way. Universal Robots cannot be held responsible for any damages
caused to the robot or any other equipment due to programming errors,
unauthorized access to the UR robot and its contents, or malfunctioning
of the robot.
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4. Safety

4.2. Saftety Message Types

Description

Safety messages are used to emphasize important information. Read all the messages to
help ensure safety and to prevent injury to personnel and product damage.

- B> B B P

@ & 6

WARNING

Indicates a hazardous situation that, if not avoided, can result in death
or serious injury.

WARNING: ELECTRICITY

Indicates a hazardous electrical situation that, if not avoided, can result
in death or serious injury.

WARNING: HOT SURFACE

Indicates a hazardous hot surface where injury can result from contact
and non-contact proximity.

CAUTION
Indicates a hazardous situation that, if not avoided, can result in injury.

GROUND
Indicates grounding.

PROTECTIVE GROUND
Indicates protective grounding.

NOTICE

Indicates the risk of damage to equipment and/or information to be
noted.

READ MANUAL

Indicates more detailed information that should be consulted in the
manual.
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4 3. General Warnings and Cautions

Description The following warnings messages can be repeated, explained or detailed in subsequent

sections.

WARNING

Failure to adhere to the general safety practices, listed below, can resultin
injury or death.

Verify the robot arm and tool/end effector are properly and securely
bolted in place.

Verify the robot application has ample space to operate freely.

Verify the personnel are protected during the lifetime of the robot
application including transport, installation, commissioning,
programming/ teaching, operation and use, dismantling and disposing.

Verify robot safety configuration parameters are set to protect
personnel, including those who can be within reach of the robot
application.

Avoid using the robot if it is damaged.

Avoid wearing loose clothing or jewelry when working with the robot.
Tie back long hair.

Avoid placing any fingers behind the internal cover of the Control Box.

Inform users of any hazardous situations and the protection that is
provided, explain any limitations of the protection and the residual
risks.

Inform users of the location of the emergency stop button(s) and how
to activate the emergency stop in case of an emergency or an
abnormal situation.

Warn people to keep outside the reach of the robot, including when the
robot application is about to start-up.

Be aware of robot orientation to understand the direction of movement
when using the Teach Pendant.

Adhere to the requirements in ISO 10218-2.

WARNING
Handling tools/end effectors with sharp edges and/or pinch points can result in

injury.

* Make sure tools/end effectors have no sharp edges or pinch points.

* Protective gloves and/or protective eyeglasses could be required.
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WARNING: HOT SURFACE

Prolonged contact with the heat generated by the robot arm and the Control Box,
during operation, can lead to discomfort resulting in injury.

* Do not handle or touch the robot while in operation orimmediately after
operation.

* Check the temperature on the log screen before handling or touching the
robot.

* Allow the robot to cool down by powering it off and waiting one hour.

é CAUTION
Failure to perform a risk assessment prior to integration and operation can
increase risk of injury.

* Perform a risk assessment and reduce risks prior to operation.

* If determined by the risk assessment, do not enter the range of the robot
movement or touch the robot application during operation. Install
safeguarding.

* Read the risk assessment information.

é CAUTION
Using the robot with untested external machinery, or in an untested application,
can increase the risk of injury to personnel.

* Test all functions and the robot program separately.

* Read the commissioning information.

NOTICE
Very strong magnetic fields can damage the robot.

* Do not expose the robot to permanent magnetic fields.

READ MANUAL
Verify all mechanical and electrical equipment is installed according to relevant
specifications and warnings.
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4 4 Integration and Responsibility

Description

The information in this manual does not cover designing, installing, integrating and
operating a robot application, nor does it cover all peripheral equipment that can influence
the safety of the robot application. The robot application must be designed and installed in
accordance with the safety requirements set forth in the relevant standards and
regulations of the country where the robot is installed.

The person/s integrating the UR robot are responsible for ensuring that the applicable
regulations in the country concerned are observed and that any risks in the robot
application are adequately reduced. This includes, but is not limited to:

* Performing a risk assessment for the complete robot system

* Interfacing other machines and additional safeguarding if required by the risk
assessment

* Setting the correct safety settings in the software

* Ensuring safety measures are not modified

* Validating the robot application is designed, and installed and integrated
* Specifying instructions for use

* Marking the robot installation with relevant signs and contact information of the
integrator

* Retaining all documentation; including the application risk assessment, this
manual and additional relevant documentation.

4.5, Stop Categories

Description

Depending on the circumstances, the robot can initiate three types of stop categories
defined according to IEC 60204-1. These categories are defined in the following table.

2tacizgory Description

0 Stop the robot by immediate removal of power.

1 Stop the robot in an orderly, controlled manner. Power is removed once
the robot is stopped.

9 *Stop the robot with power available to the drives, while maintaining the
trajectory. Drive power is maintained after the robot is stopped.

*Universal Robots robots’ Category 2 stops are further described as SS1 or as SS2 type
stops according to IEC 61800-5-2.
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5. Litting and Handling

Description The robot arms come in different sizes and weights, so it is important to use the
appropriate lifting and handling techniques for each model. Here you can find information
on how to safely lift and handle the robot.

Proper lifting 1. Transport the robot to the site using a forklift.
and handling 2. Open the box as illustrated.

4 /

3. Securely strap the robot arm with the lifting sling.
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4. Lift the robot arm out of the box using the strap and hook.

c CAUTION
Use a lifting equipment when lifting heavier robot arm.

5. While the robot is lifted, support it to rotate and hang as illustrated.
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Mounting The robot arm can be mounted sideways, upside-down or in an angle (x45°).
the Robot
Arm

Sideways mounting Angular mounting (£45°)

Upside-down mounting
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1. Mount the robot arm. Tighten the screws and apply torque as specified in the relevant user
manual.

2. Remove the strap.

3. Power on the robot and reposition shoulder joint as intended.

NOTICE
For sideways mounting, no need to power on the robot.

4. Re-place the strap.

User Manual 38 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

R
UNIVERSAL ROBOTS 5. Lifting and Handling

é WARNING
Lifting or movement of heavy parts can cause injury.

* Lifting apparatus/aid to lift can be required.

* Unpack the robot arm in the desired workspace to minimize lifting and
movement of heavy parts.

é WARNING
Incorrect assembly of components and/or wiring can lead to injury.

* Personal protective gear (footwear, eyewear, gloves) can be required.

NOTICE
There may be specific regulations for assembly lifting in your region.

* Follow the local regulations and guidelines for lifting.

For detailed mounting descriptions, see Assembly section.

5.1. Robot Arm

Description

The robot arm, depending upon weight, can be carried by one or two people unless the
sling is provided. If the sling is provided, equipment for lifting and transport is required.

5.2. Control Box and Teach Pendant

Description

The Control Box and the Teach Pendant can each be carried by one person.
While in use, all cables are to be coiled and held to prevent tripping hazards.
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6. Assembly and Mounting

Description Install and power on the robot arm and Control Box to start using PolyScope.

Assemble the You have to assemble the robot arm, Control Box and Teach Pendant to be able to
robot continue.

Unpack the robot arm and the Control Box.
Mount the robot arm on a sturdy, vibration-free surface.
Place the Control Box on its Foot.

Connect the robot cable to the robot arm and the Control Box.

a bk e nhn =

Plug in the mains, or main power cable, of the Control Box.

WARNING

Failure to secure the robot arm to a sturdy surface can lead to injury
caused by the robot falling.

* Ensure the robot arm is secured to a sturdy surface
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6.1. Securing the Robot Arm

Description

Surface on which the robot is fitted

2x 5 +1

7] 0.05

/

4x P 8.4

S

®8 FG8 0:008 ¥ 8.5 min.

G170

8 FG8 0006 x 13 7' 8.5 min.

Dimensions and hole pattern for mounting the robot.

To power
down the A WARNING
robot arm Unexpected start-up and/or movement can lead to injury

* Power down the robot arm to prevent unexpected start-up during

mounting and dismounting.

1. Atthe left side of the footer, tap the Robot State icon to turn off the robot arm.

The icon color changes from green to white.

2. Press the power button on the Teach Pendant to turn off the Control Box.

3. If a Shutdown dialog box displays, tap Power Off.

At this point, you can continue to:

* Unplug the mains cable / power cord from the wall socket.

* Allow 30 seconds for the robot to discharge any stored energy.
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To secure 1. Place the robot arm on the surface on which it is to be mounted. The surface must be
the robot even and clean.

arm 2. Tighten the four 8.8 strength, M8 bolts to a torque of 20 Nm.

(Torque values have been updated SW 5.18. Earlier printed version will show different
values)

If accurate re-mounting of the robot is required, use the @8 mm. hole and @8x13 mm.
slot with corresponding ISO 2338 @8 h6 positioning pins in the mounting plate.
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©.2. Dimensioning the Stand

Description The structure (stand) on which the robot arm is mounted is a crucial part of the robot
installation. The stand must be sturdy and free of any vibrations from external sources.

Each robot joint produces a torque that moves and stops the robot arm. During normal
uninterrupted operation and during stopping motion, the joint torques are transferred to the
robot stand as:

* Mz: Torque around the base z axis.
* Fz: Forces along base z axis.
* Mxy: Tilting torque in any direction of the base xy plane.

* Fxy: Force in any direction in the base xy plane.

Force and moment at base flange definition.
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Dimensionin The magnitude of the loads depends on robot model, program and multiple other factors.
gthe Stand  Dimensioning of the stand shall account for the loads that the robot arm generates during
normal uninterrupted operation and during category 0, 1 and 2 stopping motion.

During stopping motion, the joints are allowed to exceed the maximum nominal operating
torque. The load during stopping motion is independent of the stop category type.

The values stated in the following tables are maximum nominal loads in worst-case
movements multiplied with a safety factor of 2.5. The actual loads will not exceed these

values.
Robot Model Mz [Nm] Fz[N] Mxy[Nm] Fxy [N]
UR16e 990 1870 1320 1330
Maximum joint torques during category 0, 1 and 2 stops.
Robot Model Mz [Nm] Fz[N] Mxy[Nm] Fxy [N]
UR16e 830 1570 820 870

Maximum joint torques during normal operation.

The normal operating loads can generally be reduced by lowering the acceleration limits of
the joints. Actual operating loads are dependent on the application and robot program. You
can use URSim to evaluate the expected loads in your specific application.

UR16e 45 User Manual



(R
6. Assembly and Mounting UNIVERSAL ROBOTS

Safety You can incorporate added safety margins, factoring in the following design considerations:
margin
S * Static stiffness: A stand that is not sufficiently stiff will deflect during robot motion, resulting

in the robot arm not hitting the intended waypoint or path. Lack of static stiffness can also
resultin a poor freedrive teaching experience or protective stops.

* Dynamic stiffness: If the frequency of the stand matches the movement frequency of the
robot arm, the entire system can resonate, creating the impression that the robot arm is
vibrating. Lack of dynamic stiffness can also result in protective stops. The stand should
have a minimum resonance frequency of 45 Hz.

* Fatigue: The stand shall be dimensioned to match the expected operating lifetime and load
cycles of the complete system.

WARNING
* Potential for tip-over Hazards.

* The robot arm's operational loads can cause movable platforms, such as
tables or mobile robots, to tip over, resulting in possible accidents.

* Prioritize safety by implementing adequate measures to prevent the
tipping of movable platforms at all times.

é CAUTION
* |f the robot is mounted on an external axis, the accelerations of this axis
must not be too high.

You can let the robot software compensate for the acceleration of external
axes by using script command:
set base acceleration ()

* High accelerations can cause the robot to make safety stops.
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6.3. Mounting Description

Description

Tool (Tool Uses four M6 thread holes for attaching a tool to the robot. The M6 bolts
shall be tightened with 8 Nm, strength class 8.8. For accurate tool

Flange) e . .
repositioning, use a pin in the @6 hole provided.

Control

Box The Control Box can be hung on a wall or placed on the ground.
The Teach Pendant is wall mounted or placed onto the Control Box. Verify

Teach _

Pendant the cable does not cause tripping hazard. You can buy extra brackets for
mounting the Control Box and Teach Pendant.

WARNING

Mounting and operating the robot in environments exceeding the recommended
IP rating can resultin injury.

* Mount the robot in an environment suited to the IP rating. The robot must
not be operated in environments that exceed those corresponding to the
IP ratings of the robot (IP54), Teach Pendant (IP54) and Control Box
(IP44)

é WARNING
Unstable mounting can result in injury.

* Always make sure the robot parts are properly and securely mounted and
bolted in place.
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6.3.1. Control Box Mounting

Tomount a
CB to a wall

Use the bracket, shown below, included with the robot to mount the Control Box.
Mount the bracket to a wall, then hang the Control Box on the bracket via the mounting

pegs.

289

410

s
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6.3.2. Control Box Clearance

Description The flow of hot air in the Control Box can result in equipment malfunction. The
recommended Control Box clearance is 200 mm on each side for sufficient cool airflow.

1 200 mm

WARNING
A wet Control Box can cause fatal injury.

* Make sure the Control Box and cables do not come into contact
with liquids.

* Place the Control Box (IP44) in an environment suited for the IP
rating.
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6.4. Workspace and Operating Space

Description The workspace is the range of the fully extended robot arm, horizontally and vertically.
The operating space is the location where the robot is expected to function.

NOTICE
Disregard for the robot workspace and operating space can result in the
damage to property.

Itis important to consider the cylindrical volume directly above and directly below the
robot base when choosing location to mount the robot. Moving the tool close to the
cylindrical volume should be avoided because it causes the joints to move fast even when
the tool is moving slowly. This can cause the robot to work inefficiently and can make it
difficult to conduct a risk assessment.

NOTICE
Moving the tool close to the cylindrical volume can cause the joints to
move too fast, leading to loss of functionality and damage to property.

* Do not move the tool close to the cylindrical volume, even when
the tool is moving slowly.

Workspace The cylindrical volume is both directly above and directly below the robot base. The robot
extends 900 mm from the base joint.

Front Tilted
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6.4.1. Singularity

Description A singularity is a pose that restricts the motion and the ability to position the robot. The
robot arm can stop moving or have very sudden and fast movements when approaching
and leaving singularity. During placement of robot in the workspace and definition of the
operating space, it is important to take into consideration the singularity position detailed
below.

WARNING

Make sure that robot motion near a singularity does not create hazards
to anyone within the range of the robot arm, end effector, and workpiece.

* Set safety limits for the speed and acceleration of the elbow joint.

The following causes singularity in the robot arm:
* Outer workspace limit
* Inner workspace limit

* Wrist alignment

Outer The singularity occurs because the robot cannot reach far enough or it reaches outside of
workspace the maximum working area.
limit

To avoid: Arrange the equipment around the robot to avoid it reaching outside of the
recommended workspace.
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Inner
workspace
limit

Wrist
alignment

The singularity occurs because the movements are directly above or directly below the
robot base. This causes many positions/orientations to be unreachable.

To avoid: Program the robot task in such a way that it is not necessary to work in or close to
the central cylinder. You can also consider mounting the robot base on a horizontal surface
to rotate the central cylinder from a vertical to horizontal orientation, potentially moving it
away from the critical areas of the task.

This singularity occurs because wrist joint 2 rotates on the same plane as the shoulder,
elbow and wrist joint 1. This limits the range of movement of the robot arm, regardless of
workspace.

To avoid:Layout the robot task in such a way that it is not necessary to align the robot wrist
joints in this manner. You can also offset the direction of the tool, so that the tool can point
horizontally without the problematic wrist alignment.

6.4.2. Fixed and Movable Installation

Description

Whether the robot arm is fixed (mounted to a stand, wall or floor) or in a movable
installation (linear axis, push cart, or mobile robot base), it must be installed securely to
ensure stability through all motions.

The design of the mounting must ensure stability when there are movements of:
* therobotarm
* the robot base

* both robot arm and robot base
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©.5. Robot Connections: Base Flange Cable

Description

Base Flange
Cable
connector

This subsection describes the connection for a robot arm configured with a Base Flange
Cable connector.

The Base Flange Cable establishes the robot connection to the robot arm to the Control
Box. The Robot Cable connects to the Base Flange Cable connector on one end, and to the
Control Box connector on the other end.

You can lock each connector when robot connection is established.

é CAUTION
Improper robot connection can result in loss of power to the robot arm.

* Do not use one Robot Cable to extend another Robot Cable.

NOTICE
Connecting the Base Flange Cable directly to any Control Box can result
in equipment or property damage.

* Do not connect the Base Flange Cable directly to the Control Box.
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0.6. Robot Connections: Robot Cable

Description This subsection describes the connection for a robot arm configured with a fixed 6 meter
Robot Cable.

Toconnect  You can turn the connector to the right to make it easier to lock after the cable is plugged in.

the arm and * Establish the robot connection by connecting the robot arm to the Control Box with the
Control box Robot Cable.

* Plug and lock the cable from the robot into the connector at the bottom of the Control
Box shown below.

* Twist the connector twice to ensure it is properly locked before turning on the robot
arm.

é CAUTION
Improper robot connection can result in loss of power to the robot arm.
* Do not disconnect the Robot Cable when the robot arm is turned on.

* Do not modify the original Robot Cable.
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©./. Mains Connections

Description The mains cable from the Control Box has a standard IEC plug at the end. Connect a
country specific mains plug, or cable, to the IEC plug.

NOTICE
* IEC 61000-6-4:Chapter 1 scope: “This part of IEC 61000 for
emission requirement applies to electrical and electronic
equipment intended for use within the environment of existing
at industrial (see 3.1.12) locations.”

* IEC 61000-6-4:Chapter 3.1.12 industrial location: “Locations
characterized by a separate power network, supplied from a
high- or medium-voltage transformer, dedicated for the supply
of the installation”

Mains To power the robot, the Control Box shall be connected to the mains via the supplied
connections power cord. The IEC C13 connecter on the power cord connects to the IEC C14 appliance
inlet at the bottom of the Control Box.

WARNING: ELECTRICITY
Failure to correctly place the mains connection can result in injury.

* The power plug for the mains connection shall be placed outside
the reach of the robot, such that power can be removed without
exposing personnel to potential hazards.

* If additional safeguarding is implemented, the power plug for the
mains connection shall also be placed outside the safeguarded
space such that power can be removed without exposure to any
potential hazards.

@ NOTICE
Always use a power cord with a country specific wall plug when
connecting to the Control Box.
For <200 Vac countries, use power cord with 15A ampacity.
For >200 Vac countries, use power cord with 10A ampacity.
Do not use an adapter.
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As a part of the electrical installation, provide the following:
* Connection to ground
* Main fuse
* Residual current device
* Alockable (in the OFF position) switch

A main switch shall be installed to power off all equipment in the robot application as an
easy means for lockout. The electrical specifications are shown in the table below.

Parameter Min Typ Max Unit
Input voltage 90 - 264 VAC
External mains fuse (90-200V) 15 - 16 A
External mains fuse (200-264V) 8 - 16 A
Input frequency 47 - 440 Hz
Stand-by power - - <1.5 w
Nominal operating power 90 250 500 w

WARNING: ELECTRICITY

Failure to follow any of the below can result in serious injury or death due to
electrical hazards.

* Ensure the robot is grounded correctly (electrical connection to ground).
Use the unused bolts associated with grounding symbols inside the
Control Box to create common grounding of all equipment in the system.
The grounding conductor shall have at least the current rating of the
highest current in the system.

* Ensure the input power to the Control Box is protected with a Residual
Current Device (RCD) and a correct fuse.

* Lockout all power for the complete robot installation during service.

* Ensure other equipment shall not supply power to the robot I/O when the
robot is locked out.

* Ensure all cables are connected correctly before the Control Box is
powered. Always use the original power cord.
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/. First Boot

Description

The first boot is the initial sequence of actions you can take to configure the robot for the
first time after assembly.
This initial sequence requires you to:

* Power on the robot

* Insert the serial number
* Initialize the robot arm

* Use Freedrive

* Power down the robot

CAUTION

Failure to verify the payload and installation before starting up the robot arm can
lead to injury to personnel and/or property damage.

* Always verify the actual payload and installation are correct before
starting up the robot arm.

CAUTION

Incorrect payload and installation settings prevent the robot arm and Control Box
functioning correctly.

* Always verify the payload and installation setting are correct.

NOTICE

Starting up the robot in lower temperatures can result in lower performance, or
stops, due to temperature dependent oil and grease viscosity.

* Starting up the robot in low temperatures can require a warmup phase.
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/.1. Powering On the Robot

To power Powering on the robot turns on the Control Box and loads the display on the TP screen.
on the
1.

b Press the power button on the Teach Pendant to power on the robot.
robot

/.2.Inserting the Serial Number

Toinsertthe Installing your robot for the first time requires you to enter the serial number on the robot arm.
serial This procedure is also required when you re-install the software. For example, when you
number install a software update.

1. Select your Control Box.

2. Add the serial number as it is written on the robot arm.

3. Tap OK'toend.

It can take a few minutes for the start screen to load.
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/.3. Confirming the Safety Configuration

To confirm the
safety
configuration

On your first start up, you need to confirm the robot's safety configuration.

1. Tap Confirm Safety Configuration to confirm the safety configuration.

/.4. Starting the Robot Arm

To start Starting the robot arm disengages the braking system, allowing you to start moving the robot
the robot arm and to start using PolyScope.

You can follow the progression as the circles in the Initialize box change color.

The Initialize button in the Footer also changes color depending on the status of the robot arm.

1. Atthe bottom left of the screen, in the Footer, tap the red Initialize button.

The initialization starts. A yellow circle displays Robot Active.

This means the joint brakes are unreleased and the robot arm cannot be moved.
2. Tap START to release the breaks in the robot arm.

The initialization continues as the green circles consecutively display Robot in Robot
Active, then Brakes Released.

Sound and slight movements accompany the joint brakes being released.
3. Tap Exit to remove the Initialize box.
At this point the green circle displays Robot in Normal Mode.
If the robot arm mounting is verifed, you can tap START to continue releasing all the joint

brakes, preparing the robot arm for operation.
The Getting Started screen can be displayed, prompting you to begin programming the robot.
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NOTICE

appear.

The first time you initialize the robot arm, a Cannot Proceed dialog box can

Select Go to initialization screen to access the Initialize screen.

In the Footer, to the left, the Initialize button indicates the status of the robot arm using colors:

* Red Power off. The robot arm is in a stopped state.

* Yellow Idle. The robot arm is on, but not ready for normal operation.

* Green Normal. The robot arm is on and ready for normal operation.

2 ¢ QK

Robot Status

Payload

Active Payload

Payload

Power
ON

1 Active Payload is used to temporarily ovemsite the Installation Payload.

Booting Robot Brakes Robot in
Complete Active Released Normal Mode

Robot

| + Payload

- | P
E— V“
)

000 @

O Normal
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/.5. Verifiying the Robot Arm Mount

To verify the  During the first start up, you may need to verify how the robot arm is mounted.
mounting If the robot arm is mounted on a flat table or floor, no change is needed.
If the mounting of the robot arm is not verified, the Getting Started dialog box appears.

1. Tap Configure Robot Installation
Under General, tap Mounting to display the Robot Mounting and Angle screen.
Use the buttons to the right of the screen to adjust the angles of the robot arm.
The robot arm can power off to apply your changes.

4. Repeat the Start up and the Initialize sequences previously described.

What would you like to do first?

R = 2

RUN A PROGRAM PROGRAM THE ROBOT CONFIGURE ROBOT
INSTALLATION

O Don't show this message again

/.60. Adjusting the Robot Arm Mount

Description Specifying the mounting of the robot arm serves two purposes:
1. To make the robot arm appear correctly on the PolyScope screen.

2. Totell the controller about the direction of gravity.

Q WARNING
Failure to mount the robot arm correctly can result in frequent stops.

Q WARNING
Verify and use the correct installation settings. Save and load the
installation files with the program.
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If the robot arm is mounted in one of the ways listed below, adjustment is required.

* ceiling mounted

* wall mounted

* mounted at an angle
On the Robot Mounting and Angle screen, use the buttons on the right to set the angle of the
robot arm mounting. The first three buttons set the angle as follows:

* ceiling (180°)

* wall (90°)

* floor (0°)

The Tilt buttons set an arbitrary angle.

Use the buttons on the lower part of the screen to rotate the mounting of the Robot arm to
match the actual mounting.

22 ¢+ 2 M

Installation | Move

Robot Mounting and Angle

TCP T
v Payload
'
Mounting ﬂ
1/0 Setup l
Tool I/O
ool |/t Tilt
Variables £ ‘
Startup 45°
Home ‘
Conveyor 0.0
Tracking ‘
Screwdriving
45°
H
> safety
L

AR IR IET Y

Rotate Robot Base Mounting

O Normal

An advanced dynamics model gives the robot arm smooth and precise motions and allows
the robot arm to hold itself in Freedrive. For this reason, it is important to mount the robot arm
correctly.
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/./. Freedrive

Description Freedrive allows the robot arm to be manually pulled into desired positions
For most robot sizes, the most typical way to enable Freedrive is to press the Freedrive
button on the Teach Pendant. More ways to enable and use Freedrive are described in
the following sections.
In Freedrive, the robot arm joints move with little resistance because the brakes are
released. Resistance increases as the robot arm in Freedrive approaches a predefined
limit or plane. This makes pulling the robot into position feel heavy.

WARNING
Injury to personnel can occur due to unexpected motion.
* Verify the configured payload is the payload being used.

* Verify the correct payload is securely attached to the tool flange.

Enabling You can enable Freedrive in the following ways:
Freedrive + Use the 3PE Teach Pendant.

* Use the Freedrive on robot.

* Use I/O Actions.

NOTICE
Enabling Freedrive while you are moving the robot arm, can cause it to
drift leading to faults.

* Do not enable Freedrive while you are pushing or touching the
robot.

3PE Teach To use the 3PE TP button to freedrive the robot arm:

Pendant 1. Rapidly light-press, release, light-press again and keep holding the 3PE button in this

position.

Now you can pull the robot arm into a desired position, while the light-press is maintained.
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Freedrive on To use Freedrive on robot to freedrive the robot arm:

robot 1. Press-and-hold the button of switch configured for Freedrive on robot.

2. When the Freedrive panel appears in PolyScope, select the desired movement type
for the robot arm’s joints. Or use the list of axes to customize the movement type.

3. You can define the type of feature if required, by selecting an option from the Feature
dropdown list.

The robot arm can stop moving if it approaches a singularity scenario. Tap All axes
are free in the Freedrive panel to resume movement.

4. Move the robot arm as desired.

Backdrive During initialization of the robot arm, minor vibrations may be observed when the robot
brakes are released. In some situations, such as when the robot is close to collision, these
vibrations are undesirable. Use Backdrive to force specific joints to a desired position
without releasing all brakes in the robot arm.
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/.7 1. Freedrive Panel

Description When the robot arm is in Freedrive, a panel appears on PolyScope, as illustrated below.
Freedrive |
Press & Hold
h. A
Constrained Control
Active TCP: TCP
Feature: Base v

&L L %= X

All axes are free

To access the 1. Inthe Header, tap the Move tab.
Freedrive 2. Atthe bottom of the screen, tap Freedrive.
Panel

The Freedrive Panel opens.
3. Press and hold the Freedrive button inside the Panel.

You can the robot arm manually, similar to pressing the Freedrive button located on
the Teach Pendant.

A LED indicates when the robot arm approaches a singularity position. The LED is detailed
in the following section.

LED in The LED on the status bar of the Freedrive panel indicates:
Free(Ijrive * When one or more joints are approaching their joint limits.
ane
P * When the robot arm’s positioning is approaching singularity. Resistance increases
as the robot approaches singularity, making it feel heavy to position.
Freedrive You can lock one or more of the axes allowing the TCP to move in a particular direction, as

Panel icons defined in the table below.
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.-E':g- Movement is allowed through all axes.
All axes are free
t:';-i;;f_; Movement is only allowed through the X-axis and
Y-axis.
Plane
./L Movement is allowed through all axes, without
] rotation.
Translation
g _ .
&Dﬁ Movement is allowed through all axes, in a
_ spherical motion, around the TCP.
Rotation

ﬁ CAUTION
Moving the robot arm in some axes when a tool is attached, can present a
pinch point.

* Use caution when moving the robot arm in any axis.

/.8. Power Down The Robot

To power
down the WARNING
robot arm Unexpected start-up and/or movement can lead to injury

* Power down the robot arm to prevent unexpected start-up during
mounting and dismounting.

1. Atthe left side of the footer, tap the Robot State icon to turn off the robot arm.
The icon color changes from green to white.
2. Press the power button on the Teach Pendant to turn off the Control Box.

3. If a Shutdown dialog box displays, tap Power Off.
At this point, you can continue to:

* Unplug the mains cable / power cord from the wall socket.

* Allow 30 seconds for the robot to discharge any stored energy.
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3. Installation

Description Installing the robot can require the configuration and use of input and output signals
(I/0s). These different types of 1/0s and their uses are described in the following sections.

3.1. Electrical Warnings and Cautions

Warnings Observe the following warnings for all the interface groups, including when you design and
install an application.

WARNING

Failure to follow any of the below can result in serious injury or death, as the
safety functions could be overridden.

* Never connect safety signals to a PLC that is not a safety PLC with the
correct safety level. It is important to keep safety interface signals
separated from the normal I/O interface signals.

* All safety-related signals shall be constructed redundantly (two
independent channels).

* Keep the two independent channels separate so a single fault cannot lead
to loss of the safety function.

WARNING: ELECTRICITY

Failure to follow any of the below can result in serious injury or death due to
electrical hazards.

* Make sure all equipment not rated for water exposure remain dry. If water
is allowed to enter the product, lockout-tagout all power and then contact
your local Universal Robots service provider for assistance.

* Only use the original cables supplied with the robot only. Do not use the
robot for applications where the cables are subject to flexing.

* Use caution when installing interface cables to the robot I/0. The metal
plate in the bottom is intended for interface cables and connectors.
Remove the plate before drilling holes. Make sure that all shavings are
removed before reinstalling the plate. Remember to use correct gland
sizes.
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A\

CAUTION

Disturbing signals with levels higher than those defined in the specific IEC
standards can cause unexpected behaviors from the robot. Be aware of the
following:

* The robot has been tested according to international IEC standards for
ElectroMagnetic Compatibility (EMC). Very high signal levels or
excessive exposure can damage the robot permanently. EMC problems
are found to happen usually in welding processes and are normally
prompted by error messages in the log. Universal Robots cannot be held
responsible for any damages caused by EMC problems.

* 1/O cables going from the Control Box to other machinery and factory
equipment may not be longer than 30m, unless additional tests are
performed.

GROUND

Negative connections are referred to as Ground (GND) and are connected to the
casing of the robot and the Control Box. All mentioned GND connections are
only for powering and signalling. For PE (Protective Earth) use the M6-size
screw connections marked with earth symbols inside the Control Box. The
grounding conductor shall have at least the current rating of the highest current
in the system.

READ MANUAL

Some 1/Os inside the Control Box can be configured for either normal or safety-
related I/0. Read and understand the complete Electrical Interface chapter.
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8.2. Control Box Connection Ports

Description The underside of the 1/O interface groups in the Control Box is equipped with external
connection ports and a fuse, described below. There are capped openings at the base of
the Control Box cabinet to run external connector cables to access the connection ports.

External The ports for external connections are as follows:
connection .
ports

Teach Pendant port to use the Teach Pendant to control or program the robot arm.
* SD card port to insert an SD card.
* Ethernet port to allow ethernet type connections.

* Mini DisplayPort to support monitors using DisplayPort. This port requires an active
converter to support DVI or HDMI.

* The Mini Blade Fuse is used when an external power supply is connected.

NOTICE
Connecting or disconnecting a Teach Pendant while the Control Box is
powered on can cause equipment damage .

* Do not connect a Teach Pendant while the Control Box is on.

* Power off the Control Box before you connect a Teach Pendant.

NOTICE
Failure to plug in the active adapter before powering on the Control Box
can hinder the display output.

* Plug in the active adapter before powering on the Control Box.

* In some cases the external monitor must be powered on before
the Control Box.

* Use an active adapter that supports revision 1.2 as not all adapters
function out-of-the-box.
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8.3. Ethernet

Description The Ethernet interface can be used for:
* MODBUS, EtherNet/IP and PROFINET.

* Remote access and control.

To connect the Ethernet cable by passing it through the hole at the base of the Control Box, and
plugging it into the Ethernet port on the underside of the bracket.

Replace the cap at the base of the Control Box with an appropriate cable gland to connect the cable
to the Ethernet port.

The electrical specifications are shown in the table below.

Parameter Min Unit

Communication speed 10 - 1000 Mb/s
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8.4. 3PE Teach Pendant Installation

Description

The 3-Position Enabling Teach Pendant (3PE TP) is a safety-critical interface designed to
enhance manual control. Integrated directly into the Teach Pendant, the 3PE buttons
ensures that robot motion can only be initiated when the operator maintains a controlled

grip.

8.4.1. Hardware Installation

To remove a
Teach Pendant

NOTICE
Replacing the Teach Pendant can result in the system reporting a fault

on start-up.

* Always select the correct configuration for the type of Teach
Pendant.

To remove the standard Teach Pendant:

1.

Power down the control box and disconnect the main power cable from the
power source.

Remove and discard the two cable ties used for mounting the Teach Pendant
cables.

Press in the clips on both sides of the Teach Pendant plug as illustrated, and pull
down to disconnect from the Teach Pendant port.

Fully open/loosen the plastic grommet at the bottom of the control box and
remove the Teach Pendant plug and cable.

Gently remove the Teach Pendant cable and Teach Pendant.

|1 [Clips |2 | Plastic grommet
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To install a 3PE
Teach Pendant

| 1 | Cable ties

1. Place the Teach Pendant plug and cable in through the bottom of the control box
and fully close/tighten the plastic grommet.

Push the Teach Pendant plug into the Teach Pendant port to connect.
Use two new cable ties to mount the Teach Pendant cables.
4. Connect the main power cable to the power source and power on the control box.
There is always a length of cable with the Teach Pendant that can present a tripping
hazard if it is not stored properly.

* Always store the Teach Pendant and the cable properly to avoid tripping
hazards.
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3.5. Controller /O

Description The electrical interface inside the Control Box consists of groups Inputs and Outputs
I/Othat allow for communication and configurations between the robot arm and different
types of equipment. The I/O groups include:

* Digital (24V)

* Configurable (24V)
* Analog

* Safety (24V)

The illustration below shows the layout of electrical interface groups inside the Control
Box. Observe and maintain the purpose of the color scheme, as illustrated below.

Safety Remote Power Configurable Inputs Configurable Outputs Digital Inputs Digital Outputs Analog

:‘?, 24V 12v|l PWRF 24vV|(H||24v/H| | oV |H|| oV |H| |24V(H|[24V(H| OV [H|/ OV (H £1AG |H
9 EIO GND|H| [GND Clo|H||{Cl4|H| [COO|H|(CO4|H| [DIO|H||DI4|H| [DOO/H||DO4|H E Alo |l
5|24V ON (M| [24V 24V|H||[24v|H| [ OV |H|( OV |H| [24V|H|[24V/H| |OV |H|| OV |H g AG |H
& =00 OFF|H| | OV Ci1|{H||CI5(H| |COl1|/H||CO5/H| (DI1|H||DI5|H| [DO1{|[DO5(H <|al|m
g 24V 24V|H||24v|H| [ OV |H|( OV |H| [24V|H|[24V|H| |OV |H|| OV |H £1AG|H
g S10 “TSlalal>]> Cl2(H||Ci6(H| |CO2|H||CO6|H| ([DI2|H||Dic|H| [DO2(H||DO6/H g AOO|
22avim||5|8[2|0|&|3 | [24v|m]|[24v|m] [ov |m]|[ov [m]| 24v[m|[2av[m| [ov [m]|[ ov|m| g [AG[m
HER m|m|mmm[m||c:][m|[c7|m| [cos|m]||coz|m]| [pi3[m]|[Di7|m]| [po3[m|[po7[m]| |£[r01]m

Yellow with red text Dedicated safety signals

Yellow with black text Configurable for safety

Gray with black text General purpose digital I/O

Green with black text General purpose analog /0

/0 groups  You can install the robot according to the electrical specifications which are the same for all
three listed inputs.

* Safety I/O.
* Configurable 1/0.

* General purpose /0.

NOTICE
Configurable 1/0 are I/O configured as either safety-related 1/0 or normal
I/0. These are the yellow terminals with black text.

It is possible to power the digital I/0O from an internal 24V power supply or from an external
power source by configuring the terminal block called Power. This block consists of four
terminals. The upper two (PWR and GND) are 24V and ground from the internal 24V supply.
The lower two terminals (24V and QV) in the block are the 24V input to supply the I/0. The
default configuration uses the internal power supply.
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Power supply In this example the default configuration uses the internal power supply
default
Power
PWR| @
GND
24v |
ov

External power If more current is needed, you can connect an external power supply as shown below.
supply The fuse is Mini Blade type with maximum current rating of 10 A and a minimum voltage
rating of 32 V. The fuse must be UL marked. If the fuse is overloaded, it must be replaced.

’_( Power

PWR H
GND|H
24V| B

\ ov|m

In this example the configuration uses an external power supply for more current.

Power supply  The electrical specifications for both the internal and external power supply are shown
specification below.

Terminals Parameter Min Typ Max Unit
Internal 24V power supply

[PWR - GND] Voltage 23 24 25 \
[PWR - GND] Current 0 - 2" A
External 24V input requirements

[24V - QV] Voltage 20 24 29 \Y,
[24V - 0V] Current 0 - 6 A

*3.5A for 500ms or 33% duty cycle.
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Digital 1/0 The digital I/O are constructed in compliance with IEC 61131-2. The electrical

specification specifications are shown below.
Terminals Parameter Min Typ Max Unit
Digital Outputs
[COx / DOx] Current* 0 - 1 A
[COx / DOx] Voltage drop 0 - 0.5 \Y
[COx / DOx] Leakage current 0 - 0.1 mA
[COx / DOx] Function - PNP - Type
[COx / DOx] IEC 61131-2 - 1A - Type
Digital Inputs
[EIx/SIx/CIx/DIx] Voltage -3 - 30 \
[EIx/SIx/CIx/DIx] OFF region -3 - 5 \Y
[EIx/SIx/CIx/DIx] ON region 11 - 30 \Y
[EIx/SIx/CIx/DIx] Current (11-30V) 2 - 15 mA
[EIx/SIx/CIx/DIX] Function - PNP + - Type
[EIx/SIx/CIx/DIx] IEC 61131-2 - 3 - Type

*For resistive loads or inductive loads of maximum 1H.
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3.5.1. Digital Input and Output

Digital Output The tool communication interface allows two digital outputs to be independently configured.

Digital Input

In PolyScope, each pin has a drop-down menu that allows the output mode to be set. The
following options are available:

* Sinking: This allows the pin to be configured in an NPN or Sinking configuration.
When the output is off, the pin allows a current to flow to the ground. This can be
used in conjunction with the PWR pin to create a full circuit.

* Sourcing: This allows the pin to be configured in a PNP or Sourcing configuration.
When the output is on, the pin provides a positive voltage source (configurable in the
IO Tab). This can be used in conjunction with the GND pin to create a full circuit.

* Push /Pull: This allows the pin to be configured in a Push / Pull configuration. When
the output is on, the pin provides a positive voltage source (configurable in IO Tab).
This can be used in conjunction with the GND pin to create a full circuit When the
output is off, the pin allows a current to flow to the ground.

After selecting a new output configuration, the changes take effect. The currently loaded
installation is modified to reflect the new configuration. After verifying the tool outputs are
working as intended, make sure to save the installation to prevent losing changes.

You can use the horizontal Digital Inputs block (DI8-DI11), illustrated below, for quadrature
encoding Conveyor Tracking.

>
O

Hl D11
lDI10
| DIo
| DI8
24V
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8.5.2.1/O Interface Control

Description The I/O Interface Control allows you to switch between user control and URcap control.
Vo sraesco .
Comverer | @ comnuncat e Lo ot et 12y | cemage stsched cauament
. wdriv\ﬂg iii::"‘ mricaton HIEFVECE:HM (nmwum:auiw P
> sarety oy Mo L @sunseaoupu
> Festures . o = Digtal Outst 0 Bugueny v
> Urcaps X ide Crurs T as
to use the 1. Tap the Installation tab and under General, tap Tool I/O
/O Interface 2. Under I/O Interface Control, select User to access the Tool Analog Inputs and/or
Control Digital Output Mode settings. Selecting a URCap removes access to the Tool Analog
Inputs and the Digital Output Mode settings.
NOTICE
If a URCap controls an end-effector, such as a gripper, then the URCap
requires control of the Tool 10 Interface. Select the URCap in the list, to
allow it to control the Tool 10 Interface.
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3.5.3.Using the I/O Tab

Description Use the I/O Tab screen to monitor and set the live 1/0 signals from/to the Control Box.

The screen displays the current state of the 1/0O, including during program execution. The
program stops if anything is changed during execution. At program stop, all output signals
retain their states. The screen updates at 10Hz, so a very fast signal might not display

properly.

Configurable 1/0Os can be reserved for special safety settings defined in the safety /0
configuration section of the installation (see I/0O); those which are reserved will have the
name of the safety function in place of the default or user defined name.

Configurable outputs that are reserved for safety settings are not togglable and will be
displayed as LED’s only.

Voltage When the Tool Output is controlled by the user, you can configure Voltage. Selecting a
URCap removes access to Voltage.

Analog The analog I/O’s can be set to either current [4-20mA] or voltage [0-10V] output. These
Domain settings are persistent over restarts of the robot controller and saved in the installation.
Settings Control over the tool I/Os could be assigned to a URCap in Tool I/O of the Installation tab.

Selecting a URCap removes user’s control over tool’s analog I/0.

Tool When the Tool Communication Interface TCl is enabled, the tool analog input
Communication becomes unavailable. On the I/O screen, the Tool Input field appears as shown.
Interface

Tool Analeg Input

Baud Rate 115200
Parity None
Stop Bits One

R Idle Chars 150
TX Idle Chars 3.50
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Dual Pin power Dual Pin Power is used as a source of power for the tool. Enabling Dual Pin Power
disables the default tool digital outputs. When Dual Pin Power is enabled, the tool digital
outputs shall be named as follows:

* tool_out[0] (Power)
* tool_out[1] (GND)

Tool Digital Output

Power GND

Current

000 mA
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8.5.4. Drive Power Indicator

Description

Indicator

The drive power indicator is a light that turns on when the robot arm is powered on, or
when there is power to the robot cable. When the robot arm is powered off, the drive
power indicator turns off.

The drive power indicator is connected via the Digital Outputs. It is not a safety feature
and does not use safety 1/0s.

The drive power indicator can be a light that can work at 24VDC.

User Manual

80 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

R
UNIVERSAL ROBOTS

8. Installation

8.6. Safety |/O

Safety /O This section describes dedicated safety input (Yellow terminal with red text) and configurable
I/0 (Yellow terminals with black text) when configured as safety 1/0.
Safety devices and equipment must be installed according to the safety instructions and the
risk assessment in chapter Safety.
All safety 1/0O are paired (redundant), so a single fault does not cause loss of the safety
function. However, the safety /0 must be kept as two separate branches.
The permanent safety input types are:
* Robot Emergency Stop for emergency stop equipment only
» Safeguard Stop for protective devices
* 3PE Stop for protective devices
Table The functional difference is shown below.
Emergency
Stop Safeguard Stop 3PE Stop
Robot stops moving Yes Yes Yes
Program execution Pauses Pauses Pauses
Drive power Off On On
Reset Manual Automatic or Automatic or
manual manual
Frequency of use Infrequent EYery cycle to EYery cycle to
infrequent infrequent
Requires re-initialization Brake release No No
only
Stop Category (IEC 60204-1) 1 2 2
Performance level of monitoring
. PL PL PL
function (ISO 13849-1) d d d
Safety Use the configurable I/O to set up additional safety I/O functionality, e.g. Emergency Stop
caution Output. Use the PolyScope interface to define a set of configurable I/O for safety functions.

CAUTION

A\

+ Safety functions shall be tested regularly.

Failure to verify and test the safety functions regularly can lead to
hazardous situations.

* Safety functions shall be verified before putting the robot into
operation.

UR16e
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OSSD
signals

OSsD
Safety
Signals

Default safety

configuration

Connecting
emergency
stop buttons

All configured and permanent safety inputs are filtered to allow the use of OSSD safety
equipment with pulse lengths under 3ms. The safety input is sampled every millisecond and
the state of the input is determined by the most frequently seen input signal over the last 7
milliseconds.

You can configure the Control Box to output OSSD pulses when a safety output is
inactive/high. OSSD pulses detect the ability of the Control Box to make safety outputs
active/low. When OSSD pulses are enabled for an output, a 1Tms low pulse is generated on
the safety output once every 32ms. The safety system detects when an output is connected
to a supply and shuts down the robot.

The illustration below shows: the time between pulses on a channel (32ms), the pulse length
(1ms) and the time from a pulse on one channel to a pulse on the other channel (18ms)

0.0 ms 10.0 ms 20.0 ms 30.0 ms 40.0 ms 50.0 ms

safeyA

32 ms

SafetyB 18 me P
To enable OSSD for Safety Output
1. Inthe Header, tap Installation and select Safety.
2. Under Safety, select I/0.

3. Onthe I/O screen, under Output Signal, select the desired OSSD checkbox. You must
assign the output signal to enable the OSSD checkboxes.

1ms
>
u

The robot is delivered with a default configuration, which enables operation without any
additional safety equipment.

Safety
24V
EIO
24V
EI1
24V
SI0
24V
SI1

Emergency Stop

Safeguard Stop

Most applications require one or more extra emergency stop buttons. The illustration
below shows how one or more emergency stop buttons can be connected.
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Sharing the You can set up a shared emergency stop function between the robot and other machines
Emergency by configuring the following I/O functions via the GUI. The Robot Emergency Stop Input
Stop with other cannot be used for sharing purposes. If more than two UR robots or other machines need
machines to be connected, a safety PLC must be used to control the emergency stop signals.
* Configurable input pair: External Emergency Stop.
* Configurable output pair: System Stop.
The illustration below shows how two UR robots share their emergency stop functions. In
this example the configured 1/0Os used are CI0-Cl1 and CO0-CO1.
/s :
24V 2. "Il cs:;gma.momg\u/‘s n Bom
cIo :/ 14 (M| @g@i A
Gl (o lm] olm\eoslm|
e ] ozl m\ipelm
i 1) oo m
Safeguard This configuration is only intended for applications where the operator cannot go through
stop with the door and close it behind him. The configurable 1/O is used to setup a reset button
automatic outside the door to reactivate robot motion. The robot resumes movement automatically
resume when the signal is re-established.
WARNING
Do not use this configuration if signal can be re-established from the
inside of the safety perimeter.
Safety
N 24v A
HE . R [ T (]
g, 24V [24v [m]| 24v ov
HICTL /A I i ol B Z_H el &0
24v |Hl y?i
g[sio E D
§ [2av [N Ja Qﬂi AN j
j&i 3 |sh
In this example a door switch is a basic In this example a safety mat is a safety device
safeguard device where the robot is where automatic resume is appropriate. This
stopped when the door is opened. example is also valid for a safety laser scanner.
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Safeguard If the safeguard interface is used to interact with a light curtain, a reset outside the safety
Stop with perimeter is required. The reset button must be a two channel type. In this example the 1/0
reset button configured for reset is CI0-CI1.

s

1=

117 7~ []--
/2 - Cin i A1 o
g@l 24v [@[2av [m * # """" [ov [m]
& [en [mf [ct1 [} [cis [m]
e o (Wi [m] ) L LTt
£ ci2 |m|[cic |
oo e f -------
EAETL ) [ce [m][cr [m]
S
8.6.1. Safety I/O
Description The /O are divided between inputs and outputs and are paired up so that each function

provides a Category 3 and PLd I/O.

Bz + QM wrenee [ B0 o cece

Installation  Move

1l

Input Signal Function Assignment
W Safety
Robot Limits config_in[0], config_in[1] Safeguard Reset v
i i config_in[2], config_in[3] Unassigned v
config_in[4], config_in[5] Unassigned A4
Planes N N
config_in[6], config_in[7] Unassigned v
1 Tool Position . .
tool_in[0], tool_in[1]
Tool
Direction
1/0
Hardware Output Signal Function Assignment 0SsD
PROFIsafe
i b
ST e config_out[0], config_out[1] Unassigned O
config_out[2], config_out[3] Unassigned i O
Three
Position config_out[4], config_out[5] Unassigned v O
config_out[6], config_out[7] Unassigned v O
» Fieldbus
) URCaps

Safety password Unlock Apply
OPoweroff : o 0 o Z:-H'\'N.,Hit\-f-\'w.
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Control Box The inputs are described in the tables below:
Inputs

Performs a Stop Category 1 (IEC 60204-1) informing other
machines using the System Stop output if that output is defined. A
stop is initiated in anything connected to the output.

Emergency
Stop Button

Robot Performs a Stop Category 1 (IEC 60204-1) via Control Box input,
Emergency informing other machines using the System Emergency Stop Output
Stop if that output is defined.

External

Emergency Performs a Stop Category 1 (IEC 60204-1) on robot only.

Stop

All safety limits can be applied while the robot is using a Normal
configuration, or a Reduced configuration.

When configured, a low signal sent to the inputs causes the safety
system to transition to the reduced configuration. The robot arm
decelerates to satisfy the reduced parameters.

Reduced The safety system guarantees the robot is within reduced limits less
than 0.5s after the input is triggered. If the robot arm continues to
violate any of the reduced limits, a Stop Category 0 is triggered.
Trigger planes can also cause a transition to the reduced
configuration. The safety system transitions to the normal
configuration in the same way.
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Control Box The inputs are described in the tables below:

Inputs

Operational When an. external mode selection is used it switches between

Mode Automatic Mode and Manual Mode. The robot is in Automatic
mode when input is Jlow and Manual mode when the input is high.
Returns from the Safeguard Stop state, when a rising edge on the

Safeguard Safeguard Reset input occurs. When a Safeguard Stop occurs, this

Reset input ensures that the Safeguard Stop state continues until a reset
is triggered.

Safeguard A stop triggered by a safeguard input. Performs a Stop Category 2
(IEC 60204-1) in all modes, when triggered by a Safeguard.

Qt:)t;);natlc Performs a Stop Category 2 (IEC 60204-1) in Automatic mode
ONLY. Automatic Mode Safeguard Stop can only be selected when

Safeguard - . . ) .

Stop a Three-Position Enabling Device is configured and installed.

Automatic

Mode Returns from the Automatic Mode Safeguard Stop state when a

Safeguard rising edge on the Automatic Mode Safeguard Reset input occurs.

Reset

- In Manual Mode, an external 3-Position Enabling Device must be
3-Position . o
, pressed and held in the center-on position to move the robot. If you

Enabling . - i, . .

Device are using a built-in 3-Position Enabling Device, the button must be
pressed and held in the mid position to move the robot.
You can configure the Freedrive input to enable and use Freedrive

Freedrive on | without pressing the Freedrive button on a standard TP, or without

robot having to press-and-hold any of the buttons on the 3PE TP in the
light-press position.

Q WARNING
When the default Safeguard Reset is disabled, an automatic reset happens
when the safeguard no longer triggers a stop.
This can happen if a person passes though the field of the safeguard.
If a person is not detected by the safeguard and the person is exposed to
hazards, automatic reset is forbidden by standards.

* Use the external reset to ensure resetting only when a person is not
exposed to hazards.

é WARNING
When Automatic Mode Safeguard stop is enabled, a safeguard Stop is not
triggered in Manual Mode.
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Control Box All safety outputs go low in the event of a safety system violation or fault. This means the
Outputs System Stop output initiates a stop even when an E-stop is not triggered.
You can use the following Safety functions output signals. All signals return to low when the
state which triggered the high signal has ended:

Signal is Low when the safety system has been triggered into a
stopped state including by the Robot Emergency Stop input or the

1
System Emergency Stop Button. To avoid deadlocks, if the Emergency
Stop L . . .
Stopped state is triggered by the System Stop input, low signal will not
be given.
R
Ob9t Signal is Low if the robot is moving, otherwise high.
Moving
Signal is High when the robot is stopped or in the process of stopping
Robot Not C )
Stopping due to an emergency stop or safeguard stop. Otherwise it will be logic

low.

Signal is Lowwhen reduced parameters are active or if the safety
Reduced input is configured with a reduced input and the signal is currently low.
Otherwise the signal is high.

Not This is the inverse of Reduced, defined above.

Reduced

Safe Signal is High if the Robot Arm is stopped and is located in the

Home configured Safe Home Position. Otherwise, the signal is Low. This is
often used when UR robots are integrated with mobile robots.

3-Position

Enabling Signal is low when a three position stop is active, high otherwise.

Stopped

Not 3-

EEZISI?:Q Signal is low when a three position stop is inactive, high otherwise.

Stopped

@ NOTICE

Any external machinery receiving its Emergency Stop state from the robot
through the System Stop output must comply with ISO 13850. This is
particularly necessary in setups where the Robot Emergency Stop input is
connected to an external Emergency Stop device. In such cases, the
System Stop output becomes high when the external Emergency Stop
device is released. This implies that the emergency stop state at the
external machinery will be reset with no manual action needed from the
robot’s operator. Hence, to comply with safety standards, the external
machinery must require manual action in order to resume.

1System Stop was previously known as "System Emergency Stop" for Universal Robots robots. PolyScope
can display "System Emergency Stop".
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3.6.2.1/O Setup

Description Use the I/O Setup screen to define 1/O signals and configure actions with the 1/0 tab
control. The types of I/O signals are listed under Input and Output.
You can use a fieldbus, for example, Profinet and EtherNet/IP, to access the general

purpose registers.

If you enable the Tool Communication Interface (TCI), the tool analog input becomes

unavailable.

<unnameds>* D ﬁ E
+
New Open

default*

TCP

Payload
Mounting
1/0 Setup
Tool I/O
Variables
Startup
Home

Conveyor
Tracking

Screwdriving

> Fieldbus

View

‘D\g\ta\

Input

Output

Difo]
o]
Dif2]
Dif3]
Dif4]
Difs]
Difs]
D7

Tiro]
Ty

digital_in|
digital_in|
digital_in|
digital in|
digital in|
digital in|

[0]
1]
121
3]
141
51

digital_inf6]
digital_in[7]

tooLin[o]

tooLin[1]

~ Do[o]
% DOf1]
Start-Prog Dof2]
Stop-Prog Do3]
Doja]
Dojs]
Dofs]
Do[7]

To[o]
Ton]

digital_out[0]
digital_out[1]
digital_out[2]
digital_out(3]
digital_out[4]
digital_out[5]
digital_out[6]
digital_out[7]

tool_out[0]
tool_out[1]

Selected /O

digital_out[1]

> URCaps Action in program

1O tat

‘H\gh when running-low when stopped

v]

ntrol

° 0 O smutation ()

o Normal

NOTICE

When starting programs from an 1/O or fieldbus input, the robot can
begin movement from the position it has, there will not be any manual
movement to the first waypoint via PolyScope required.

I/0 Signal To limit the number of signals listed under Input and Output, use the View drop-down menu

Type to change the displayed content based on signal type.
Assigning You can name the Input and Output signals to easily identify the ones being used.
User-defined 1. Select the desired signal.
Names ) ;
2. Tap the text field to type a name for the signal.
3. Toreset the name to default, tap Clear.
You must provide a user-defined name for a general purpose register to make it available in
the program (i.e., for a Wait command or the conditional expression of an If command).
The Wait and If commands are described in (Wait) and (If), respectively. You can find
named general purpose registers in the Input or Output selector on the Expression Editor
screen.
User Manual 88 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.


../../../../../../../../Content/prod-usr-man/software/PolyScope/content/BasicProgNodes/commandtab_wait_en.htm
../../../../../../../../Content/prod-usr-man/software/PolyScope/content/AdvProgNodes/commandtab_ifcondition_en.htm

(IR
UNIVERSAL ROBOTS 8. Installation

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

I/0 Actions  You can use Physical and Fieldbus digital I/Os to trigger actions or react to the status of a
and /O Tab program.

Control
I/10 Tab Use I/0 Tab Control to specify whether an output is controlled on the 1/O tab (by either
Control programmers, or both operators and programmers), or if it is controlled by the robot

programs.

Available
Input Actions Command  Action

Starts or resumes the current program on a rising edge (only

Start .

enabled in Remote Control)
Stop Stops the current program on a rising edge
Pause Pauses the current program on a rising edge

When the input is high, the robot goes into freedrive (similar to the
Freedrive freedrive button).
The input is ignored if other conditions disallow freedrive.

‘ WARNING
If the robot is stopped while using the Start input action, the robot slowly
moves to the first waypoint of the program before executing that program.
If the robot is paused while using the Start input action, the robot slowly
moves to the position from where it was paused before resuming that

program.
Available
Output Action Output state Program state
Actions Low when notrunning | Low Stopped or paused
High when not running | High Stopped or paused
High when running, low | Low Running,
when stopped High Stopped or paused
IS‘;)V; on unscheduled Low Program terminated unscheduled
Low on unscheduled Low Program terminated unscheduled
stop, otherwise High High Running, stopped or paused
Alternates Running (pause or stop the program
Continuous Pulse between high and . g .p P Prog
low to maintain the pulse state)
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Program
Termination
Cause

An unscheduled program termination can occur for any of the reasons listed below:
* Robot stop
* Fault
* Violation

* Runtime exception
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8.6.3. Using |/O for Mode Selection

Description The robot can be configured to switch between operational modes without using the
Teach Pendant. This means using the TP is prohibited when switching from Automatic
mode to Manual mode and from Manual mode to Automatic mode.

Switching modes without the use of the Teach Pendant requires safety 1/0 configuration
and a secondary device as a mode selector.

Mode selector The mode selector can be a key switch with a redundant electrical layout or with signals
from a dedicated safety PLC.
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3.6.4. Three Position Enabling Device

Description The robot arm is equipped with an enabling device in the form of the 3PE Teach Pendant.
The Control Box supports the following enabling device configurations:

* 3PE Teach Pendant
* External Three-Position Enabling device

* External Three-Position device and 3PE Teach Pendant

The illustration below shows how to connect a Three-Position Enabling device.

Confjurab 3-Position Switch
24V 24v |H =
clof| < [m Z

24v | [2av) W — —
Cl1 |ECI5 (M

24v |H|[2pv] @ "
ci2 (H|{¢o| M

24v |H|[23viH

ci3 |H||c

Note: The two input channels for the Three-Position Enabling Device input have a
disagreement tolerance of 1 second.

NOTICE
The UR robot safety system does not support multiple external Three-
Position Enabling Devices.

Operational Using a Three-Position Enabling device requires the use of an Operational Mode switch.

Mode Switch
The illustration below shows an Operational Mode switch.

Confil;urabl Operational mode Switch
24Vi|H||24v |H —
ciof[m)[ci |m :
24v||m|[24v |m — —
ci1f|mj|cis |m :

24V|| B |24v (A "
Clzf| lCs |H

24v Nl |[24v)

Cl3 |ECI7 N

9
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3./. General Purpose Digital |/O

Description The Startup screen contains settings for automatically loading and starting a default
program, and for auto-initializing the Robot arm during power up.

General This section describes the general purpose 24V 1/0 (Gray terminals) and the configurable
purpose I/0 (Yellow terminals with black text) when not configured as safety 1/0.
digital I/0

The general purpose I/O can be used to drive equipment like pneumatic relays directly or for
communication with other PLC systems. All Digital Outputs can be disabled automatically
when program execution is stopped.

In this mode, the output is always low when a program is not running. Examples are shown in
the following subsections.

These examples use regular Digital Outputs but any configurable outputs could also have be
used if they are not configured to perform a safety function.

L~ Digital Inputs

Digital Outputs / 24VIH |(2avIR

ov [m[[ov[d o DIO M || D14 | WY
poo/ M| |poa(m

24V 24V I

ov (m|| ov @ u u
DOo1/M||pO5| M o] Di1/M||DI5| R N
ov m|[ov(m 24v|H|[2av|m)
DO2(H|[po6| DI2|H||(DI6|H

ov|H|lov|m 24V(H|(2aviH
po3|H||po7|m o3 m|[D7 m

In this example a load is controlled from a Digital In this example a simple button is
Outputs when connected. connected to a Digital Input.

Communication  You can use the digital I/O to communicate with other equipment if a common GND
with other (0V) is established and if the machine uses PNP technology, see below.

machines or

PLCs Digital Iputs

=]
<|2

I

(=]
[=]
=3

l

o
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o
o
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I
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<

I

o
o
N

I
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<

I

o
o
)

l

NOTICE
Use shielded cables to connect Digital I/Os.
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3./.1. Remote ON/OFF control

Description Use remote ON/OFF control to turn the Control Box on and off without using the Teach
Pendant. It is typically used:
* When the Teach Pendant is inaccessible.
* When a PLC system must have full control.
* When several robots must be turned on or off at the same time.
Remote The remote ON/OFF control provides a auxiliary 12V supply, kept active when the Control Box
Control is turned off. The ON input is intended only for short time activation and works in the same way

as the POWER button. The OFF input can be held down as desired. Use a software feature to
load and start programs automatically.
The electrical specifications are shown below.

Terminals Parameter Min Typ Max Unit
[12V - GND] Voltage 10 12 13 \Y
[12V - GND] Current - - 100 mA
[ON / OFF] Inactive voltage 0 - 0.5 \Y
[ON / OFF] Active voltage 5 - 12 \Y,
[ON / OFF] Input current - 1 - mA
[ON] Activation time 200 - 600 ms

Remote l, }_l Remote l, }_l

12v|H I 12v|d I

GND|H S } GND|H R . }

ON R ON |l

OFF| I\, P OFF P

This example illustrates connecting a remote | This example illustrates connecting a remote

ON button. OFF button.

é CAUTION
Maintaining a press and hold on the power button switches the Control Box OFF
without saving.

* Do not press and hold the ON input or the POWER button without saving.

* Use the OFF input for remote off control to allow the Control Box to save
open files and shut down correctly.

User Manual

94

UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

R

UNIVERSAL ROBOTS

8. Installation

3.8. General Purpose Analog |/O

Description The analog I/O interface is the green terminal. It is used to set or measure voltage (0-10V)
or current (4-20mA) to and from other equipment.
The following directions is recommended to achieve the highest accuracy.
* Use the AG terminal closest to the I/O. The pair share a common mode filter.
* Use the same GND (0V) for equipment and Control Box. The analog I/O is not
galvanically isolated from the Control Box.
* Use a shielded cable. Connect the shield to the GND terminal at the terminal called
Power.
* Use equipment that works in current mode. Current signals are less sensitive to
interferences.
Electrical In the GUI you can select input modes. The electrical specifications are shown below.
Specifications
Terminals Parameter Min Typ Max Unit
Analog Input in current mode
[AIx - AG] Current 4 - 20 mA
[ATx - AG] Resistance - 20 - ohm
[AIx - AG] Resolution - 12 - bit
Analog Input in voltage mode
[AIx - AG] Voltage 0 - 10 \Y,
[AIx - AG] Resistance - 10 - Kohm
[AIx - AG] Resolution - 12 - bit
Analog Output in current mode
[AOx - AG] Current 4 - 20 mA
[AOx - AG] Voltage 0 - 24 \Y,
[AOx - AG] Resolution - 12 - bit
Analog Output in voltage mode
[AOx - AG] Voltage 0 - 10 \Y,
[AOx - AG] Current -20 - 20 mA
[AOx - AG] Resistance - 1 - ohm
[AOx - AG] Resolution - 12 - bit
UR16e User Manual



(R
8. Installation UNIVERSAL ROBOTS

3

Analog e
Output and ;E; : ol o
Analog s j> T=D i n=
Input §ﬁi §A00 ]

gﬁ% g AG [H

This example illustrates controlling a
conveyor belt with an analog speed control
input.

This example illustrates connecting an
analog sensor.

8.8.1. Analog Input: Communication Interface

Description The Tool Communication Interface (TCI) enables the robot to communicate with an
attached tool via the robot tool analog input. This removes the need for external cabling.
Once the Tool Communication Interface is enabled, all tool analog inputs are unavailable

Tool 1. Tap the Installation tab and under General tap Tool I/O.
Communication 2. Select Communication Interface to edit TCI settings.
Interface Once the TCl is enabled, the tool analog input is unavailable for the I/O Setup of

the Installation and does not appear in the input list. Tool analog input is also
unavailable for programs as Wait For options and expressions.

3. Inthe drop-down menus under Communication Interface, select required values.
Any changes in values are immediately sent to the tool. If any installation values
differ from what the tool is using, a warning appears.
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9. End Effector Integration

Description

The end effector can also be referred to as the tool and the workpiece in this manual.

NOTICE
UR provides documentation for the end effector to be integrated with the
robot arm.

* Refer to the documentation specific to the end
effector/tool/workpiece for mounting and connection.

9.1. Maximum Payload

Description

The rated robot arm payload depends on the center of gravity (CoG) offset of the payload,
as shown below. The CoG offset is defined as the distance from the center of the tool
flange to the center of gravity of the attached payload.

The robot arm can accommodate a long center of gravity offset, if the payload is placed
below the tool flange. For example when computing the payload mass in a pick and place
application, consider both the gripper and the workpiece.

The robot's capacity to accelerate can be reduced if the payload CoG exceeds the robot's
reach and payload. You can verify the reach and payload of your robot in the Technical
Specifications.

UR16e
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Payload [kg]

L L L L L L L L 1 L L L 1
0 200 400 €00 800

Center of gravity offset [mm]

The relationship between the rated payload and the center of gravity offset.

Payload You can configure high inertia payloads, if the payload is set correctly.
inertia The controller software automatically adjusts accelerations when the following parameters
are correclty configured:

* Payload mass
* Center of gravity
* Inertia

You can use the URSim to evaluate the accelerations and cycle times of the robot motions
with a specific payload.
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9.2. Securing Tool

Description The tool or workpiece is mounted to the tool output flange (ISO) at the tip of the robot.
Lumberg RKMW 8-354 connector

35,65
@ 6 H7 T 6,20+0,20

4x P57 8
Mé-6H T 8

48,75

SECTION A-A

®31,50 H7

@50 0,1

»63h8

©90 0,1

Dimensions and hole pattern of the tool flange. All measurements are in millimeters.

Tool flange The tool output flange (ISO 9409-1) is where the tool is mounted at the tip of the robot. Itis
recommended to use a radially slotted hole for the positioning pin to avoid over-constraining,
while keeping precise position.

é CAUTION
Very long M6 bolts can press against the bottom of the tool flange and short
circuit the robot.

* Do not use bolts that extend beyond 8 mm to mount the tool.

é WARNING
Failure to tighten bolts properly cause injury due to loss of the adapter flange
and/or end effector.

* Ensure the tool is properly and securely bolted in place.

* Ensure the tool is constructed such that it cannot create a hazardous
situation by dropping a part unexpectedly.

UR16e 99 User Manual



R
9. End Effector Integration UNIVERSAL ROBOTS

9.3. Tooll/O

Tool The tool connector illustrated below provides power and control signals for the grippers and
Connector sensors used on a specific robot tool. The tool connector has eight holes and is located next
to the tool flange on Wrist 3.
The eight wires inside the connector have different functions, as listed in the table:

Pin # Signal Description
1 AI0 / RS485- Analog in 0 or RS485-
'3 7 2 Al1/RS485+ Analog in 1 or RS485+
(o] o 1 3 TOO/PWR Digital Outputs 0 or 0V/12V/24V
50 O8 4 TO1/GND Digital Outputs 1 or Ground
5 POWER ov/12v/24V
Q o 2 6 TIO Digital Inputs 0
a4 igital Inputs
3 7 TI1 Digital Inputs 1
8 GND Ground

NOTICE
The Tool Connector must be manually tightened up to a maximum of
0.4 Nm.
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Tool Cable The Tool Cable Adapter is the electronic accessory that allows compatibility between the tool
Adapter I/O and e-Series tools.

@ﬁ
Tim———

1 Connects to the tool/end effector.

2 Connects to the robot.

WARNING
Connecting the Tool Cable Adapter to a robot that is powered on can lead to
injury.
* Connect the adapter to the tool/end effector before connecting the
adapter to the robot.

* Do not power on the robot if the Tool Cable Adapter is not connected
to the tool/end effector.

The eight wires inside the Tool Cable Adapter have different functions, as listed in the table

below:
Pin # Signal Description
3 1 AlO / RS485+ Analog in 0 or RS485+
4 2 Al1/RS485- Analog in 1 or RS485-
2 3 TH Digital Inputs 1
5 4 TIO Digital Inputs 0
1 5 POWER 0V/12V/24V
6 TO1/GND Digital Outputs 1 or Ground
6 7 7 TOO/PWR Digital Outputs 0 or 0V/12V/24V
8 GND Ground
L GROUND
= The tool flange is connected to GND (Ground).
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9.3.1. Tool /O Installation Specifications

Description

The electrical specifications are shown below. Access Tool I/O in the Installation Tab to
set the internal power supply to 0V, 12V or 24V.

Parameter Min Typ Max Unit
Supply voltage in 24V mode 23.5 24 24.8 \
Supply voltage in 12V mode 11.5 12 12.5 \%
Supply current (single pin)* - 1000 2000** mA
Supply current (dual pin)* - 2000 2000** mA
Supply capacitive load - - 8000*** uF

* It is highly recommended to use a protective diode for inductive loads.

** Peak for max 1 second, duty cycle max: 10%. Average current over 10 seconds must
not exceed typical current.

*** When tool power is enabled, a 400 ms soft start time begins allowing a capacitive load
of 8000 uF to be connected to the tool power supply at start-up. Hot-plugging the
capacitive load is not allowed.
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9.3.2. Tool Power Supply

Description Access Tool I/O in the Installation Tab

POWER

GND (RED) — Ja

Dual Pin In Dual Pin Power mode, the output current can be increased as listed in Tool I/0.
Power 1

. Inthe Header, tap Installation.
Supply

2. Inthelist on the left, tap General.
3. Tap Tool 10 and select Dual Pin Power.
4. Connectthe wires Power (gray) to TOO (blue) and Ground (red) to TO1 (pink).

POWER (GRAY)
A
J

TOO/PWR (BLUE)
NOTICE
Once the robot makes an Emergency Stop, the voltage is set to OV for both
Power Pins (power is off).

TO1/GND (PINK)
GND (RED)

9.3.3. Tool Digital Inputs

Description The Startup screen contains settings for automatically loading and starting a default
program, and for auto-initializing the Robot arm during power up.
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Table The Digital Inputs are implemented as PNP with weak pull-down resistors. This means that a
floating input always reads as low. The electrical specifications are shown below.
Parameter Min Type Max Unit
Input voltage -0.5 - 26 \%
Logical low voltage - - 2.0 \%
Logical high voltage 5.5 - - \%
Input resistance - 47k - Q
Using the This example illustrates connecting a simple button.
Tool Digital
Inputs
POWER
fope]
I
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9.3.4. Tool Digital Outputs

Description

Using Tool
Digital
Outputs

Digital Outputs support three different modes:

Mode Active Inactive
Sinking (NPN) Low Open
Sourcing (PNP) High Open
Push /Pull High Low

Access Tool I/O in the Installation Tab to configure the output mode of each pin. The
electrical specifications are shown below:

Parameter Min Typ Max Unit
Voltage when open -0.5 - 26 \Y
Voltage when sinking 1A - 0.08 0.09 \
Current when sourcing/sinking 0 600 1000 mA
Current through GND 0 1000 3000* mA

NOTICE
Once the robot makes an Emergency Stop, the Digital Outputs (DO0 and DO1)
are deactivated (High 2).

ﬁ CAUTION
The Digital Outputs in the tool are not current-limited. Overriding the specified
data can cause permanent damage.

This example illustrates turning on a load using the internal 12V or 24V power supply. The
output voltage at the I/O tab must be define. There is voltage between the POWER
connection and the shield/ground, even when the load is turned off.

POWER

It is recommended to use a protective diode for inductive loads, as shown below.
POWER
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9.3.5. Tool Analogue Inputs

Description Tool Analogue Input are non-differential and can be set to either voltage (0-10V) or current
(4-20mA) on the I/O tab. The electrical specifications are shown below.

Parameter Min Type Max Unit
Input voltage in voltage mode -0.5 - 26 Vv
Input resistance @ range 0V to 10V - 10.7 - kQ
Resolution - 12 - bit
Input voltage in current mode -0.5 - 5.0 \Y
Input current in current mode -2.5 - 25 mA
Input resistance @ range 4mA to 20mA - 182 188 Q
Resolution - 12 - bit

Two examples of using Analog Input are shown in the following subsections.

Caution
é CAUTION
Analog Inputs are not protected against over voltage in current mode.
Exceeding the limit in the electrical specification can cause permanent
damage to the input.

Using Tool This example shows an analog sensor connection with a non-differential output. The
Analog Inputs, sensor output can be either current or voltage, as long as the input mode of that Analog
Non- Input is set to the same on the 1/O tab.

differential Note: You can check that a sensor with voltage output can drive the internal resistance of

the tool, or the measurement might be invalid.

POWER
Dl
A2 | B
= [«
<
GND o7
Using Tool This example shows an analog sensor connection with a differential output. Connecting the

Analog Inputs, negative output part to GND (0V), works in the same way as a non-differential sensor.

differential POWER
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9.4, Set Payload

Description The Set Payload command allows you to configure the payload for the robot. Payload is
the combined weight of everything attached to the robot tool flange.
When to use:

* When adjusting the payload weight to prevent the robot from triggering a robot
stop. A correctly configured payload weight ensures optimal robot movement.

Setting the payload correctly ensures optimal motion performance and avoids
robot stops.

* When setting up the payload for use in a pick and place program, using a gripper.

Set Payload
Use the Set 1. Inyour robot program, select the place or node where you wish to add a Set
Payload command.
command 2. Under Basic, tap Set Payload.
Use the drop-down, under Select Payload.
a. Select one of the payloads already configured.
b. Or, use the drop-down to configure a new payload by selecting Custom
Payload and completing the mass and CoG fields.
N 2
Move N tu
Wespeine | 2 v havet Progrem Set Payload
Direction 3 = SetPayload: Payload 0.055 Set total payload
Wait [ Payioad -
Set Payload
Popup Mass 0.000
Halt Center of Gravity
Comment X 0.00
gl b O 0.00
Folder cz 0.00
Set Payload
§ Rememberto setthe toal paiosd mess
Transition
Duration 5
*SS X BBEZ
o Normal wiw o 0 O S\H‘w,ﬂath:m.
Tip You can also use the Set Now button to set the values on the node as the active payload.
Use tip Remember to always update your payload when making any changes to the
configuration of the robot program.
Example: Set In a pick and place program, you would create a default payload in the installation. Then
Payload you add a Set Payload when picking up an object. You would update the payload after

the gripper closes, but before starting to move.
Additionally, you would use the Set Payload after the object has been released.
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Payload
Transition Time

This is the time it takes the robot to adjust for a given payload. At the bottom of the
screen, you can set the transition time between different payloads.

You can add a payload transition time in seconds.

Setting a transition time larger than zero, prevents the robot from doing a small "jump”,
when the payload changes. The program continues while the adjustment is taking place.
Using the Payload Transition Time is recommended when

picking up or releasing heavy objects or using a vacuum gripper.
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9.4.1. Payload

Description You must set the Payload, the CoG and the inertia for the robot to perform optimally.
You can define multiple Payloads, and switch between them in your program. This is
useful in Pick and Place applications, for example, where the robot picks up and releases
an object.

Run allaticr

o o New. Open.
Payiosd Payioad Visualzation

TCP =
Bvraon v 0
1 Payload
+ Set Now
Mounting Payload
Mass 0.000 kg
1/O Setup
Center of Gravity
Tool I/O s
cX 0.00 mm # Measure i
Variables cy 0.00/ mm
Startup cz 0.00/ mm !-!
Home t E
Conveyor 1 Remember to set the total payload mass E
Tracking
i 2
Screwdriving '"ert1a (k9 M)

O Use custom Inertia Matrix
,
! - Tool Flange
> safety 0.000000| | 0.000000| | 0.000000

Y Y
0.000000| | 0.000000/ | 0.000000
z 0.000000 | 0.000000/ | 0.000000
X, Z

o Inertia given with origin in the CoG and the axes aligned with the
tool flange axes.

O — 000 @

Adding, You can start configuring a new Payload with the following actions:

Renaming, * Tapthel * |to define a new Payload with a unique name. The new payload is
Modfying and available in the drop-down menu.

Removing
Payloads Tap the[ 2 | to rename a Payload.
* Tapthe I | to remove a selected Payload. You cannot remove the last Payload.

Active The checkmark in the drop-down indicates which payload is active BvPajoss v The
Payload active Payload can be changed using the!  ~ ssthow
Default The default Payload is set as the active Payload before the program starts.
Payload * Select the desired Payload and tap Set as default to set a Payload as the default.

The green icon in the drop-down menu indicates the default configured Payload

i\/ Payload v|
22:2? (t)t;e Tap the fields Cx, CY and CZ to set the center of gravity. The settings apply to the selected
Gravity Payload.
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Payload
Estimation

Using the
Payload
Estimation
Wizard

This feature allows the robot to help set the correct Payload and Center of Gravity (CoQ).

In the Installation Tab, under General, select Payload.
On the Payload screen, tap Measure.
In the Payload Estimation Wizard tap Next.

Db~

Follow the steps in the Payload Estimation Wizard to set the four positions.
Setting the four positions requires moving the robot arm into four different positions.
The load of the payload is measured at each position.

5. Once all measurements are complete, you can verify the result and tap Finish.

NOTICE
Follow the these guidelines for best Payload Estimation results:

* Ensure the TCP positions are as different as possible from each
other

* Perform the measurements within a short timespan

* Avoid pulling on the tool and/or attached payload before and
during estimation

* Robot mounting and angle must be correctly defined in the
installation
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Setting
Inertia
Values

You can select Use custom Inertia Matrix to set inertia values.

Tap the fields: IxX, IYY, 177, IXY, IXZ and IYZ to set the inertia for the selected Payload.
The inertia is specified in a coordinate system with the origin at the Center of Gravity (CoG) of
the payload and the axes aligned with the tool flange axes.

The default inertia is calculated as the inertia of a sphere with the user specified mass, and a
mass density of 1g/cm3
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10. Configuration

Description This section describes how you get started using the robot. Among other things, it covers
easy start-up, an overview of the PolyScope user interface and how to set up your first
program. Additionally, it covers freedrive mode and basic operation.

10.1. Quick System Start-up

Quick System

Start MANDATORY ACTION

Before using the PolyScope, verify that the robot arm and Control Box are
correctly installed.

This is how you quickly start up the robot.

1. Onthe Teach Pendant, press the emergency stop button.

2. Onthe Teach Pendant, press the power button and allow the system to start,
displaying text on the PolyScope.

3. A popup appears on the touch screen indicating that the system is ready and that the
robot must be initialized.

In the popup dialog, tap Go to Initialize Screen to access the Initialize screen.

. Unlock the emergency stop button to change the robot state from Emergency
Stopped to Power off.

6. Step outside the reach (workspace) of the robot.

7. On the Initialize Robot screen, tap the ON button and allow the robot state to
change to Idle.

8. Inthe Payload field, in Active Payload, verify the payload mass. You can also verify
that the mounting position is correct, in the Robot field.

9. Tap the Start button, for the robot to release its brake system. The robot vibrates and
makes clicking sounds, indicating it is ready to be programmed.

NOTICE
Learn to program your Universal Robots robot on www.universal-
robots.com/academy/
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10.2. Safety-related Functions and Interfaces

Description Universal Robots robots are equipped with a range of built-in safety functions as well as
safety I/O, digital and analog control signals to or from the electrical interface, to connect
to other machines and additional protective devices. Each safety function and I/O is
constructed according to EN 1ISO13849-1 with Performance Level d (PLd) using a
category 3 architecture.

ﬁ WARNING
The use of safety configuration parameters different from those
determined as necessary for risk reduction, can result in hazards that
are not reasonably eliminated, or risks that are not sufficiently reduced.

* Ensure tools and grippers are connected correctly to avoid
hazards due to interruption of power.

é WARNING: ELECTRICITY
Programmer and/or wiring errors can cause the voltage to change from

12V to 24V leading to fire damage to equipment.

* Verify the use of 12V and proceed with caution.

NOTICE
* The use and configuration of safety functions and interfaces must follow
the risk assessment procedures for each robot application.

* The stopping time should be taken into account as part of the application
risk assessment

* Ifthe robot detects a fault or violation in the safety system (e.g. if one of
the wires in the Emergency Stop circuit is cut or a safety limit is
exceeded), then a Stop Category 0 is initiated.

NOTICE
The end effector is not protected by the UR safety system. The functioning of the
end effector and/or connection cable is not monitored

10.2.1. Passwords
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Description You can create and manage different types of password in PolyScope. An initial
password must be set to access the full safety settings. The following password types are
described below:

* Administrator

* Operational

Password Settings

Toseta You must set a password to Unlock all safety settings that make up your Safety
Password Configuration. If no safety password is applied, you are prompted to set it up.

1. Inyour PolyScope header right corner, press the Hamburger menu and select
Settings.

On the left of the screen, in the blue menu, press Password and select Safety.
In New password, type a password.

Now, in Confirm new password, type the same password and press Apply.

a k> N

In the bottom left of the blue menu, press EXxit to return to previous screen.

You can press the Lock tab to lock all Safety settings again or simply navigate to a screen
outside of the Safety menu.

afety pa rd Unlock Lock
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10. Configuration

Administrator Password

Description Use the Administrator (Admin) Password to change the security configuration of the
system, including network access.
The Admin password is equal to the password used for the root user account on the Linux
system running on the robot, which may be needed in some network use cases such as

SSH or SFTP.

WARNING
You cannot recover a lost Admin password.

* Take the appropriate steps to ensure your admin password is not

mE 2 ¢

lost.

QH

Admin
Mode

Safety

The Admin password enables modifying system security settings

Current password
New password

Confirm new password

Password must be at least 8 characters in length!

1 Ensure to remember your password as there is no way to recover a lost admin password!

ﬂ Choose system pages permissions in Security > Permissions

O Normal

000 @

To set the 1. Inthe Header, tap the Hamburger menu icon and select Settings.
Admin 2. Under Password, tap Admin.
Password 3. Under Current password, put in the default password: easybot.
4. Under New password, create a new password.
Creating a strong, secret password obtains the best security for your system.
Under Confirm new password, repeat your new password.
Tap Apply to confirm your password change.
Safety The Safety password prevents unauthorized modification of the Safety settings.
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Operational Password

Description

To set the
Mode
Password

The Operational Mode Password, or mode password, creates two different user roles on
PolyScope:

* Manual
* Automatic
When the mode password is set, programs and installations can only be created and

edited in Manual mode. Automatic mode only allows the operator to load pre-made
programs . Once a password has been set, a new Mode icon appears in the Header.

Switching operational modes, from Manual to Automatic and from Automatic to Manual,
causes PolyScope to prompt for the new password.

RE2+QH

Operational Mode Password

The Operational Mode Password enables a password prompt when switching between automatic and manual modes

Admin In Automatic Mode users are restricted to the Run, Initialize, Move, 1/0 and Log tabs
b Current password
Safety

Confirm new password

_ Clear Password

@ — 00O @

—_

In the Header, tap the Hamburger menu icon and select Settings.

Under Password, tap Mode.

Under New password, create a new password.

Creating a strong, secret password obtains the best security for your system.
Under Confirm new password, repeat your new password.

Tap Apply to confirm your password change.
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10.2.2. Setting a Software Safety Password

Description You must set a password to Unlock all safety settings that make up your Safety
Configuration. If no safety password is applied, you are prompted to set it up.

Toseta

Software You can tap the Lock tab to lock all Safety settings again or simply navigate to a screen
Safety outside of the Safety menu.

password

1. In your PolyScope header right corner, press the Hamburger menu and select
Settings.

On the left of the screen, in the blue menu, press Password and select Safety.
In New password, type a password.

Now, in Confirm new password, type the same password and press Apply.

a > 0N

In the bottom left of the blue menu, press EXxit to return to previous screen.

afety pa rd Unlock
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10.2.3. Configurable Safety Functions

Description

Safety
Function

Universal Robots robot safety functions, as listed in the table below, are in the robot but
are meant to control the robot system i.e. the robot with its attached tool/end effector. The
robot safety functions are used to reduce robot system risks determined by the risk
assessment. Positions and speeds are relative to the base of the robot.

Safety

Function Description

i?rlnr:: Position Sets upper and lower limits for the allowed joint positions.

J(.)m.t Speed Sets an upper limit for joint speed.

Limit

Safety Qefines planes, in space, that limit robot position. Safety planes limit

Planes either the tool/end effector alone or both the tool/end effector and the
elbow.

Tool ) . T

. . Defines allowable orientation limits for the tool.

Orientation
Limits maximum robot speed. The speed is limited at the elbow, at the

Speed Limit | tool/end effector flange, and at the center of the user-defined tool/end
effector positions.
Limits maximum force exerted by the robot tool/end effector and elbow

Force Limit in clamping situations. The force is limited at the tool/end effector,
elbow flange and center of the user-defined tool/end effector positions.

lﬁ/::i:entum Limits maximum momentum of the robot.

Power Limit | Limits mechanical work performed by the robot.

Stopping Limits maximum time the robot uses for stopping after a protective stop

Time Limit is initiated.

g}:;ﬂzg Limits maximum distance travelled by the robot after a protective stop is

. initiated.
Limit

When performing the application risk assessment, it is necessary to take into account the
motion of the robot after a stop has been initiated. In order to ease this process, the safety
functions Stopping Time Limitand Stopping Distance Limit can be used.

These safety functions dynamically reduces the speed of the robot motion such that it can
always be stopped within the limits. The joint position limits, the safety planes and the
tool/end effector orientation limits take the expected stopping distance travel into account
i.e. the robot motion will slow down before the limit is reached.

The functional safety can be summarized as:
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Safety Function Accuracy Performance Level Category
Emergency Stop - d 3
Safeguard Stop - d 3
Joint Position Limit 5° d 3
Joint Speed Limit 1.15°/s d 3
Safety Planes 40 mm d 3
Tool Orientation 3° d 3
Speed Limit 50 mm/s d 3
Force Limit 25N d 3
Momentum Limit 3 kg m/s d 3
Power Limit 10w d 3
Stopping Time Limit 50 ms d 3
Stopping Distance Limit 40 mm d 3
Safe Home 1.7° d 3

Warnings f

@

CAUTION

Failure to configure the maximum speed limit can result in hazardous
situations.

* Ifthe robot is used in manual hand-guiding applications with linear
movements, the speed limit must be set to maximum 250 mm/s for
the tool/end effector and elbow unless a risk assessment shows
that higher speeds are acceptable. This will prevent fast
movements of the robot elbow near singularities.

NOTICE

There are two exceptions to the force limiting function that are important
when designing an application.

As the robot stretches out, the knee-joint effect can give high forces in the
radial direction (away from the base) at low speeds. Similarly, the short
leverage arm, when the tool/end effector is close to the base and moving
around the base, can cause high forces at low speeds.

10.2.4. Safety Functions
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Description

The safety system acts by monitoring if any of the safety limits are exceeded or if an

Emergency Stop or a Safeguard Stop is initiated.
The reactions of the safety system are:

Trigger Reaction

Emergency Stop Stop Category 1
Safeguard Stop Stop Category 2
3PE Stop (if a 3-Position Enabling device is connected) Stop Category 2
Limit Violation Stop Category 0
Fault Detection Stop Category 0

set to low.

NOTICE
If the safety system detects any fault or violation, all safety outputs re-
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10.2.5. Safety Parameter Set

Description

Normal and
Reduced

The safety system has the following set of configurable safety parameters:
* Normal
* Reduced

You can set up the safety limits for each set of safety parameters, creating distinct
configurations for normal, or higher settings, and reduced. The reduced configuration is
active when the tool/end effector is positioned on the reduced side of a Trigger Reduced
Plane, or when the reduced configuration is externally triggered by a safety input.

Using a plane to trigger the Reduced configuration: When the robot arm moves from the
side of the trigger plane configured with reduced safety parameters, to the side that is
configured with normal safety parameters, there is a 20 mm area around the trigger plane
where both normal and reduced limits are allowed. This area around the trigger plane
prevents nuisance safety stops when the robot is exactly at the limit.

Using an input to trigger the Reduced configuration: When a safety input starts, or stops,
the reduced configuration, up to 500 ms can elapse before the new limit values become
active. This can happen in either of the following circumstances:

* Switching from the reduced configuration to normal

* Switching from the normal configuration to reduced

The robot arm adapts to the new safety limits within the 500 ms.

UR16e
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Recovery

When a safety limit is exceeded, the safety system must be restarted. For example, if a joint
position limit is outside a safety limit, at start-up, Recovery is activated.

You cannot run programs for the robot when recovery is activated, but the robot arm can be
manually moved back within limits using Freedrive, or by using the Move tab in PolyScope.
The safety limits for Recovery are:

Safety Function Limit

Joint Speed Limit 30°/s
Speed Limit 250 mm/s
Force Limit 100N
Momentum Limit 10 kg m/s
Power Limit 80w

The safety system issues a Stop Category 0 if a violation of these limits appears.

‘ WARNING
Failure to use caution when moving the robot arm in recovery mode can
lead to hazardous situations.
* Use caution when moving the robot arm back within the limits, as

limits for the joint positions, the safety planes, and the tool/end
effector orientation are all disabled in recovery mode.
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10.3. Software Safety Configuration

Description

This section covers how to access the robot safety settings. It is made up of items that
help you set up the robot Safety Configuration.

A

WARNING

Before you configure your robot safety settings, your integrator must
conduct a risk assessment to guarantee the safety of personnel and
equipment around the robot. A risk assessment is an evaluation of all
work procedures throughout the robot lifetime, conducted in order to
apply correct safety configuration settings. You must set the following in
accordance with the risk assessment.

1.

The integrator must prevent unauthorized persons from changing
the safety configuration e.g. installing password protection.

Use and configuration of the safety-related functions and
interfaces for a specific robot application.

Safety configuration settings for set-up and teaching before the
robot arm is powered on for the first time.

All safety configuration settings accessible on this screen and
sub-tabs.

The integrator must ensure that all changes to the safety
configuration settings comply with the risk assessment.

UR16e

123 User Manual



IR
UNIVERSAL ROBOTS

Accessing

Software
Safety
Settings

2.
3.
4

Safety Settings are password protected and can only be configured once a password is set
and subsequently used.
To access the software safety settings

1.

In your PolyScope header, tap the Installation icon.
In the Side Menu on the left of the screen, tap Safety.
Observe that the Robot Limits screen displays, but settings are inaccessible.

If a Safety password was previously set, enter the password and press Unlock to
make settings accessible. Note: Once Safety settings are unlocked, all settings are
now active.

Press Lock tab or navigate away from the Safety menu to lock all Safety item
settings again.

REZ+QAH e O @ W

Installstion | 1ove o Log

Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not

v/ Safety reasonably eliminated or risks that are not sufficiently reduced.

Robot Limits @
Factory Presets '

Joint Limits

' '
Most Restricted Least Restricted

Planes

Tool Position

Tool O Custom Limit Normal Reduced
(e Power 300 200
/o Momentum 25.0] 10.0
Hardware Stopping Time 400 300|
PROFIsafe Stopping Distance 500 300
Safe Home Tool Speed 1500 750
Three Tool Force 150.0 120.0
Position Elbow Speed 1500 750
Elbow Force 150.0 120.0

‘Wrist Clamping Torgue

000 @

O Power off :
Speed 100%
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10.3.1. Changing the Software Safety Configuration

Description Changes to the Safety Configuration settings must comply with the risk assessment
conducted by the integrator.

Recommended To change the safety configuration

procedure for the 1
integrator:
2.
3.
4.

. Verify that changes comply with the risk assessment conducted by the integrator.

Adjust safety settings to the appropriate level defined by the risk assessment
conducted by the integrator.

Verify that the settings are applied.

Place following text in the operators’ manuals:

Before working near the robot, make sure that the safety configuration is as expected.
This can be verified e.g. by inspecting the Safety Checksum in the top right corner of
PolyScope for any changes.

10.3.2. Applying a New Software Safety Configuration

Description The robot is powered off while you make changes to the configuration.
Your changes only take effect after you tap the Apply button.
The robot cannot be powered on again until you select Apply and Restart to visually
inspect your robot Safety Configuration which, for safety reasons, is displayed in S| Units
in a popup.
You can select Revert Changes to return to the previous configuration. When your visual
inspection is complete you can select Confirm Safety Configuration and the changes are
automatically saved as part of the current robot installation.

Safety Checksum

UR16e
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Description

The Safety Checksum icon displays your applied robot safety configuration.
cccc
CCCC

It could be four or eight digits.

A four-digit Checksum should be read from top to bottom and left to right, while an eight-
digit Checksum is read left to right, top row first. Different text and/or colors indicate
changes to the applied safety configuration.

The Safety Checksum changes if you change the Safety Functions settings, because
the Safety Checksum is only generated by the safety settings.

You must apply your changes to the Safety Configuration for the Safety Checksum to
reflect your changes.

10.3.3. Safety Configuration without Teach Pendant

Description

To safely
remove the
Teach
Pendant

You can use the robot without attaching the Teach Pendant. Removing the Teach
Pendant requires defining another Emergency Stop source. You must specify if the Teach
Pendant is attached to avoid triggering a safety violation.

ﬁ CAUTION
If the Teach Pendant is detached or disconnected from the robot, the
Emergency Stop button is no longer active. You must remove the Teach
Pendant from the vicinity of the robot.

The robot can be used without PolyScope as the programming interface.
To configure the robot without a Teach Pendant

1. Inthe Header tap Installation.

2. Inthe Side Menu on left tap Safety and select Hardware.

3. Input Safety password and Unlock the screen.

4. Deselect Teach Pendant to use robot without PolyScope interface.

5. Press Save and restart to implement changes.

User Manual

126 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

I

R
UNIVERSAL ROBOTS

10.3.4. Software Safety Modes

Description

To Switch

Under normal conditions, i.e. when no protective stop is in effect, the safety system
operates in a Safety Mode associated with a set of safety limits.

* Normal is the safety configuration that is active by default

* Reduced is the safety configuration that is active when the robot Tool Center
Point (TCP) is positioned beyond a Trigger Reduced plane, or when triggered
using a configurable input.

* Recovery mode activates when a safety limit from the active limit set is violated,
the robot arm performs a Stop Category 0.

If an active safety limit, such as a joint position limit or a safety boundary, is in
violation when the robot arm is powered on, the robot arm starts up in recovery
mode. This makes it possible to move the robot arm back within the safety limits.

In Recovery mode, the movement of the robot arm is restricted by a fixed limit that
you cannot customize.

ﬁ WARNING
Limits for joint position, tool position and tool orientation are disabled
in Recovery mode, so take caution when moving the robot arm back
within the limits.

The menu of the Safety Configuration screen enables the user to define separate sets of
safety limits for both configurations: Normal and Reduced. For the tool and joints,reduced
limits for speed and momentum are required to be more restrictive than their Normal
mode counterparts.

1. Inthe Header, select the profile icon.

Modes: PolyScope « Automatic indicates the operational mode of the robot is set to

Using the
Dashboard
Server

Automatic.

* Manual indicates the operational mode of the robot is set to Manual.

1. Connect to the Dashboard server.

2. Use the Set Operational Mode commands.
* Set Operational Mode Automatic
* Set Operational Mode Manual

* Clear Operational Mode

10.3.5. Software Safety Limits
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Description The safety system limits are defined in the Safety Configuration . The safety system
receives values from the input fields and detects any violation if any the values are
exceeded. The robot controller prevents violations by making a robot stop or by reducing
the speed.

Robot Limits

Description Robot Limits restrict general robot movements. The Robot Limits screen has two
configuration options: Factory Presets and Custom.

Factory Factory Presets is where you can use the slider to select a predefined safety setting . The

Presets values in the table are updated to reflect the preset values ranging from Most Restricted to

Least Restricted
NOTICE
Slider values are only suggestions and do not substitute a proper risk
assessment.
M8z + QH
Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
reasonably eliminated or risks that are not sufficiently reduced,
Robot Limits
o p—— @ Factary Presets ‘
e Most Réstricted ' ' Least Réstricted
1+ Tool Position
Tool O Custom Limit Normal Reduced
CIEEHEER Power 300 200
1o Momentum 25.0 10.0
Hardware Stopping Time 400! 300
PROFIsafe Stopping Distance 500 300
Safe Home Tool Speed 1500 750
Three Tool Force 150.0; 120.0
Position Elbow Speed 1500 750
Elbow Force 150.0 120.0
Wrist Clamping Torque
afety pa: rd Unlock
O Power off —— ° 0 O Z\ml,\\amc‘n.
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Custom Custom is where you can set Limits on how the robot functions and monitor the associated
Tolerance.

Limits maximum mechanical work produced by the robot in the
Power environment. This limit considers the payload a part of the robot and
not of the environment.

Momentum Limits maximum robot momentum.

Stopping Limits maximum time it takes the robot to stop e.g. when an
Time emergency stop is activated.
Limits maximum distance the robot tool or elbow can travel while
stopping.
Stopping @ NOTICE
Distance Restricting stopping time and distance affect

overall robot speed. For example, if stopping time
is set to 300 ms, the maximum robot speed is
limited allowing the robot to stop within 300 ms.

Tool Speed Limits maximum robot tool speed.

Limits maximum force that the robot tool exerts on the environment
to prevent clamping situations.

Elbow Speed | Limits maximum robot elbow speed.

Limits maximum force that the elbow exerts on the environment to
prevent clamping situations.

Tool Force

Elbow Force
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The tool speed and force are limited at the tool flange and the center of the two user-defined tool
positions.

<unnameds*
default_1*
e 0

Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
reasonably eliminated or risks that are not sufficiently reduced

Robot Limits

Joint Limits O Factory Presets ( .

Planes Most Restricted Least Restricted

1 Tool Position

Tool @ Custom Limit Normal Reduced

(et Power 300/ W 200| W

110 Momentum 25.0/ kg m/s 10.0| kg m/s

Hardware Stopping Time 400/ ms 300/ ms

PROFIsafe Stopping Distance 500/ mm 300/ mm

Safe Home Tool Speed 1500/ mm/s 750, mmys

Three Tool Force 150.0/N 120.0|N

Position Elbow Speed 1500 mm/s 750 mm/s
Elbow Force 150.0/n 120.0n
Wrist Clamping Torque Limit Enabled W | lLimit Enabled v |

afety pa orel Unlock Apply
Power off : ° 0 O Simulation
O Speed 100% .

NOTICE

You can switch back to Factory Presets for all robot limits to reset to their
default settings.

Wrist Clamping Torque Limit

Description Wrist Clamping Torque Limit is a setting that enables or disables limitation of the
maximum clamping torque for the wrist joints of the robot. The limitation is enabled by
default. This safety function limits how much torque the wrist can apply when pushing.
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Wrist When enabled, the robot limits torque in the wrist joints to prevent clamping between the
Clamping wrist, payload, and the lower arm of the robot.
Torque Limit
details NOTICE
When the setting is enabled, it also defines a non-safety-rated upper limit

for the applied torque windows of the base, shoulder, and elbow joints. In
force control applications, the achievable contact forces may be
significantly lower than the specified forces in the Tool Force Limit and
Elbow Force Limit safety functions.

When disabled, the robot can use higher pushing force with the wrist joints, for example in
force-controlled applications. When the function is disabled, risks of clamping between the
wrist, payload, and lower arm of the robot must be mitigated by other means.

NOTICE
This safety function is enabled by default on all robots. In PolyScope 5.25
or later, it is possible to disable this safety function.
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Enable and 1. Go to the Installation tab and select Safety.
disable Wrist
Clamping

Torque Limit

Universal Robots Graphical Programming Environment

+ DANGER

> Motion Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
Yy gl P Y
Vs y reasonably eliminated or risks that are not sufficiently reduced.

Factory Presets (
Joint Limits @ractony @

Planes Most Restricted Least Restricted
1 Tool Position

Tool QO custom Limit Normal Reduced

=) Power 300 200
o Momentum 25.0 10.0
Hardware Stopping Time 400 300
PROFIsafe Stopping Distance 500) 300)
Safe Home Tool Speed 1500 750
. Tool Force 150.0 120.0
Position Elbow Speed 1500 750

Elbow Force 150.0 1200
> Fieldbus I Wrist Clamping Torgue l

Safety password Lock Apply
KRN O (RO ) US o311 &

2. Under Robot Limits, tap Safety password field. Unlock, enter the safety password,
and apply and restart.

3. Select Custom. You can now select Limit Enabled or Limit Disabled for Normal or
Reduced.

Unlversal Robots Graphical Programming Environment

Rur nstall

Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not

+ DANGER

\/ Safety reasonably eliminated or risks that are not sufficiently reduced.
Robot Limits
Factory Presets )
Joint Limits O .
Planes Most Restricted Least Restricted

Tool Position

Tool Limit Normal Reduced

Direction Power 300 W 200
/o Momentum 25.0 kg my/s 10.0
Hardware Stopping Time 400/ ms 300
PROFIsafe Stopping Distance 500 mm 300
Safe Home Tool Speed 1500 mm/s 750|
e Tool Force 150.0/N 120.0
Position Elbow Speed 1500 mm/s 750
Elbow Force 150.0/n 120.0
> Fieldbus "Wrist Clamping Torgue Limit Enabled v
lLimit Enabled
Limit Disabled
e " TR Apply
[ I nvera Robots - | ) US 0315 O

4. Tap Apply and Confirm Safety Configuration to apply the safety configuration and
restart the safety system.

Joint Limits
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Description

Joint limits allow you to restrict individual robot joint movements in joint space i.e. joint

rotational position and joint rotational speed. Joint limiting can also be called software
based axis limiting. The joint limit options are: Maximum speed and Position range.

Joines
v Safety

Robot Limits ~ Base

Joint Limits Shouilder
Planes Elbow
Wrist 1
1 Tool Pasition
Wrist 2
Tool
Direction Wrist 3
1/0
Hardware  Maximum speed
PROFIsafe Joints
Safe Home Base
Three Shouider
Position

Elbow

> Fieldbus Wrist 2
» URCaps Wrist 3

O Power off

afety pa

Minimum
-363 — 363 ° -363
-363 — 363 ° -363
-363 — 363 ° -363
-363 — 363 ° -363
-363 — 363 ° -363
-363 — 363 ° -363
Maximum
max: 191 °/s 191
max: 191 °/s 191
max: 191 °/s 191
max: 191 °/s 191
max: 191 °/s 191
max: 191 °/s 191

Normal Mode

Maximnum
363
363
363
363
363
363

Normal Mode

Reduced Mode

Minimum

Reduced Mode

191
191
191
191

-363
-363
-363
-363
-363
-363

Maximum

-11 7
-11 2
-11 7
-11 2
-11 7
-11 2

s

250mm/s

363 +2°
363 +2°
363 +2°
363 +2°
363 +2°
363 +2°

/-2°
1-2°
/-2°
1-2°
/-2°
1-2°

o 0 O Simulatiol

10.3.6. Safe Home Position

Description

Safe Home is a return position defined by using the user-defined Home Position.

Safe Home I/Os are active when the Robot Arm is in the Safe Home Position and a Safe

Home I/0O is defined.

The Robot Arm is in the Safe Home Position if the joint positions are at the specified joint

angles or a multiple of 360 degrees thereof.

The Safe Home Safety Output is active when the robot is standing still at the Safe Home

Position.

Fun alatior

Vv Safety

Robot Limits

Joint Limits

Planes

Tool Position

Tool
Direction

110
Hardware
PROFlsafe
Safe Home

Three
Position

O Power off

afety pa:

Safe Home

) Sync from Home |

Deleting the Safe Home Position will
unassign any Safe Home output,

Joint Position (0-360°)

Base

Shoulder

Elbow

Wrist 1
Wrist 2
Wrist 3
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Syncing
from Home

Safe Home
Output

Defining
Safe Home
Output

Editing Safe
Home

To sync from Home

1.
2.
3.
4.

In the Header, tap Installation.

In the Side Menu on the left of the screen, tap Safety and select Safe Home.
Under Safe Home, tap Sync from Home.

Tap Apply and in the dialog box that appears, select Apply and restart.

The Safe Home Position must be defined before the Safe Home Output.

To define Safe Home Output

1.
2.
3.

4.

In the Header, tap Installation.
In the Side Menu on the left of the screen, under Safety, select I/0.

On the I/O screen in the Output Signal, under Function Assignment, in drop-down
menu, select Safe Home.

Tap Apply and in the dialog box that appears, select Apply and restart.

To edit Safe Home
Editing Home does not automatically modify a previously defined Safe Home position. While
these values are out of sync, Home program node is undefined.

1.

2.
3.
4

In the Header, tap Installation.

In the Side Menu on the left of the screen, under General, select Home.

Tap Edit Position and set the new robot arm position and tap OK.

In the Side Menu, under Safety, select Safe Home. You need a Safety password to

Unlock the Safety Settings.

Under Safe Home, tap Sync from Home
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10.4. Software Safety Restrictions

Description

Safety
Planes
Modes

NOTICE

Configuring planes is entirely based on features. We recommend that
you create and name all features before editing the safety configuration,
as the robot is powered off once the Safety Tab has been unlocked,
making it impossible to move the robot.

Safety planes restrict robot workspace. You can define up to eight safety planes,
restricting the robot tool and elbow. You can also restrict elbow movement for each safety
plane and disable it by deselecting the checkbox. Before configuring safety planes, you
must define a feature in the robot installation. The feature can then be copied into the
safety plane screen and configured.

ﬁ WARNING
Defining safety planes only limits the defined Tool spheres and elbow,
not the overall limit for the robot arm. This means that specifying a
safety plane, does not guarantee that other parts of the robot arm will
obey this restriction.

You can configure each plane with restrictive Modes using the icons listed below.

Disabled The safety plane is never active in this state.
O Normal When the safety system is Normal , a normal plane is active
and it acts as a strict limit on the position.
i Reduced When the safety system is Reduced, a reduced plane is active,
acting s as a strict limit on the position.
Normal & When the safety system is either normal or reduced, a normal
O and reduced plane is active and acts as a strict limit on the
Reduced .
position.
B Trigger The safety plane causes the safety system to switch to
Reduced Reduced if the robot Tool or Elbow is positioned beyond it.
P ing this i hid h the safety pl in th
® Show ress!ng is icon hides or shows the safety plane in the
graphics pane.
= Deletes the created safety plane. There is no undo/redo action.
m Delete . . .
If a plane is deleted in error, it must be remade.
4 Rename Pressing this icon allows you to rename the plane.
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Configuring
safety planes

In your PolyScope header, tap Installation.

e

Feature and Restrictions.

In the Side Menu on the left of the screen, tap Safety and select Planes.
On the top right of the screen, in the Planes field, tap Add plane.
On the bottom right of the screen, in the Properties field, set up Name, Copy

Copy In Copy Feature, only Undefined and Base are available. You can reset a configured safety
Feature plane by selecting Undefined
If the copied feature is modified in the Features screen, a warning icon appears to the right of
the Copy Feature text. This indicates that the feature is out of sync i.e. the information in the
properties card is not updated to reflect the modifications that may have been made to the
Feature.
e O @ d M e =
Robot Planes (3 of 8)
Lo
Eo
Robot Limits E P_‘:"'::d plane m - -
Joint Limits
Planes
1 Tool Position
;rctinn [ ] Preperties
1o Plane 3
Hardware Copy Feature 1
ot ‘ « toolBoundary V‘
Safe Home x\ﬂl[”m Restrictions
Three —7 [mEson -]
l———‘ Displacement
eatures ljl 1mm
[ Restrict Elbow
[ Restrict Flange
afety | rd Unlock
O Power off zsﬁﬁ.,s o Q O e
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Color
Codes

Gray Plane is configured but disabled (A)
;/ZICOI(W & Normal Plane (B)
g’;;ii Trigger Plane (C)
Black The side of the plane the tool and/or elbow is allowed to be on (For
Arrow Normal Planes)
Green The side of the plane the tool and/or elbow is allowed to be on (For
Arrow Trigger Planes)

The side of the plane the tool and/or elbow is allowed to be on (For
Gray Arrow .

Disabled Planes)

Fu P

Robot Limits

Joint Limits
Planes

Tool Position

Tool
Direction

I/0
Hardware
PROFIsafe
Safe Home

Three
Position

!

Robot Planes (3 of 8)
Plane 1

Oe

Plane 2 E o

E Plane 3 E e
+ Add plane

Properties

Plane 3

Copy Feature (&)

| « toolBoundary v‘

Restrictions

E [OEES i

Displacement

[ Restrict Elbow

[ Restrict Flange

safety pa: rd Unlock Lock Arply
e =, 000
o Simulation
250mm/s Simulation .

o Power off

UR16e
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Elbow You can enable Restrict EIbow to prevent robot elbow joint from passing through any of
Restriction your defined planes. Disable Restrict Elbow for elbow to pass through planes.
The diameter of the ball that restricts the elbow is different for each size of robot.

UR3e 0.1m

UR5e 0.13m
UR10e /UR16e 0.15m
UR15 0.15m
UR20/UR30 0.19m

The information about the specific radius can be found in the urcontrol.conffile on the robot
under the section [Elbow].

Properties

L
¢ Plane 1

Copy Feature Q)

.

D Restrictions
Displacement

0
M Restrict Elbow

Tool Flange Restricting the tool flange prevents the tool flange and the attached tool from crossing a
Restriction safety plane. When you restrict the tool flange, the unrestricted area is the area inside of
the safety plane, where the tool flange can operate normally.
The tool flange cannot cross the restricted area, outside of the safety plane.

Removing the restriction allows the tool flange to go beyond the safety plane, to the
restricted area, while the attached tool remains inside of the safety plane.

You can remove the tool flange restriction when working with a large tool off-set. This will
allow extra distance for the tool to move.

Restricting the tool flange requires the creation of a plane feature. The plane feature is
used to set up a safety plane later in the safety settings.
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Adding a

Displacement offsets the plane in either the positive or negative direction along the plane

plane feature normal (Z-axis of the plane feature).

example Deselect the checkbox for the Elbow and the Tool Flange so they do not trigger the safety
plane. The Elbow can remain checked as needed by your application.
R8s + Q B
» General Robot Planes (1 of 8]
Flarwe 1 Eco B
Robot Limics + Add plane
Jeint Limits EI
Planas
1 Teol Pesition
Tool
Direction
1o ! Properties
Hardware Plane 1
PROF|safs Copy Feature "]
Sate Home Brwes e
Three Restrictions
Position ]
] S .
g -1mm
O Restrict Flange
j Lock Apply
The unrestricted tool flange can cross a safety plane, even when no tool is defined.
If no tool is added, a warning on the Tool Position button prompts you to correctly define the
tool.
When working with an unrestricted tool flange and a defined tool, it is ensured that the
dangerous part of the tool can't go above and/or beyond certain area. The unrestricted tool
flange can be used for any application where safety planes are needed, like Welding or
Assembly.
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Tool flange
restriction
example

In this example, an X-Y-plane is created with an offset of 300mm along the positive Z-axis
with reference to the base feature.

The Z-axis of the plane can be thought of as “pointing” towards the restricted area.

If the safety plane is needed on e.g., the surface of a table, rotate the plane 3.142 rad or
180° around either the X- or Y-axis so the restricted area is under the table.

(TIP: Change the display of rotation from “Rotation Vector [rad]” to “RPY [°]")

R 2+ QHE

Robot Feature
: Base hd
! Teol Position
i [+] x 0.00/mm [ +] =]
i 0.00[mm [+ =]
z | 30000mm | +| =]

Rotation Vector [rad] -

Ax|  0.000/rad [ +]
0.000|rad | +]

RZ 0.000) rad

=
B 08

Cancel ‘

© v 000 [ ]

If needed it is possible to offset the plane in either positive or negative Z-direction later in
the safety settings.
When satisfied with the position of the plane, tap OK.

User Manual

140 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.



UNIVERSAL ROBOTS

I

‘pantasal sIYBU (I "S/V S1040Y [esiaaun Aq 620Z-6002 @ WBuAdoD

User Manual

141

UR16e



IR
UNIVERSAL ROBOTS

10.4.1. Tool Direction Restriction

Description The Tool Direction screen can be used to restrict the angle in which the tool is pointing.
The limit is defined by a cone that has a fixed orientation with respect to the robot arm
Base. As the robot arm moves around, tool direction is restricted so it remains within the
defined cone. The default direction of the tool coincides with the Z-axis of the tool output
flange. It can be customized by specifying tilt and pan angles.

Before configuring the limit, you must define a point or plane in the robot installation. The
feature can then be copied and its Z axis used as the center of the cone defining the limit.
NOTICE
Configuration of the tool direction is based on features. We recommend
you create desired feature(s) before editing the safety configuration, as
once the Safety Tab has been unlocked, the robot arm powers off
making itimpossible to define new features.
‘-;::umamle.d::-‘ @ ﬁ E CEEE —
Limit Properties
Copy Feature C)
_ Safet; « toolBoundar v
Rnnt Limits ,E Lestr\ct‘ins = ‘
Jeint Limis
Planes Deviation
1 Tool Position El 5— 181,307
Tool A
Direction [ ]
/o
Hardware
PROFIsafe |_];_' Tool Properties
Safe Home - Copy TCP Q
;2'.?:?“ E [Tool Flange -]
) Features Edit Direction .
Pr= -
Safety pa rd Unlock
O Power off ’ 3 - o 0 o Simulation .
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Limit
Properties

Tool
Properties

The Tool Direction limit has three configurable properties:

1. Cone center: You can select a point or plane feature from the drop-down menu, to
define the center of the cone. The Z axis of the selected feature is used as the
direction around which the cone is centred.

2. Cone angle: You can define how many degrees the robot is allowed to deviate from

center.

Disabled Tool direction

o Never active

limit

Normal Tool direction . o

limit Active only when safety system is in Normal mode
Reduced Tool direction . .

limit Active only when the safety system is in Reduced mode

Normal & Reduced
Tool direction limit

Active when the safety system is in Normal mode as
well as when it is in Reduced mode.

You can reset the values to default or undo the Tool Direction configuration by setting the
copy feature back to "Undefined".

By default, the tool points in the same direction as the Z axis of the tool output flange. This
can be modified by specifying two angles:

* Tilt angle: How much to tilt the Z axis of the output flange towards the X axis of the

output flange

* Pan angle: How much to rotate the tilted Z axis around the original output flange Z

axis.

Alternatively, the Z axis of an existing TCP can be copied by selecting that TCP from the

drop-down menu.
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10.4.2. Tool Position Restriction

Description

The Tool Position screen enables more controlled restriction of tools and/or accessories
placed on the end of the robot arm.

* Robot is where you can visualize your modifications.
* Tool is where you can define and configure a tool up to two tools.

* Tool_1 is the default tool defined with values x=0.0, y= 0.0, z=0.0 and radius=0.0.
These values represent the robot tool flange.

Under Copy TCP, you can also select Tool Flange and cause the tool values to go back
to 0.
A default sphere is defined at the tool flange.

+ Add Tool

W/ Safety

Robot Limits +

Joint Limits

Planes

Tool Position 1 Remember to define a tool

Tool

Direction L] | Tool Flange

I/o

Radlius (max: 300mm)
0.0

Hardware

PROFIsafe

Safe Home Copy TCP &)

Three
Position -

Edit Position

Safety pa rd Unlock Apply
O Power off ’ o 0 o Sw‘m,ﬂam:-n.
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User For the user defined tools, the user can change:

defined + Radius to change the radius of the tool sphere. The radius is considered when using

tools safety planes. When a point in the sphere passes a reduced trigger plane, the robot
switches to a Reduced configuration . The safety system prevents any point on the
sphere from passing a safety plane.

* Position to change the position of the tool with respect to the tool flange of the robot.
The position is considered for the safety functions for tool speed, tool force, stopping
distance and safety planes.

You can use an existing Tool Center Point as a base for defining new tool positions. A copy of
the existing TCP, predefined in General menu, in TCP screen, can be accessed in Tool
Position menu, in Copy TCP drop-down list.

When you edit or adjust the values in the Edit Position input fields, the name of the TCP
visible in the drop down menu changes to custom, indicating that there is a difference
between the copied TCP and the actual limit input. The original TCP is still available in the
drop down list and can be selected again to change the values back to the original position.
The selection in the copy TCP drop down menu does not affect the tool name.

Once you apply your Tool Position screen changes, if you try to modify the copied TCP in the
TCP configuration screen, a warning icon appears to the right of the Copy TCP text. This
indicates that the TCP is out of sync i.e. the information in the properties field is not updated
to reflect modifications that may have been made to the TCP. The TCP can be synced by
pressing the sync icon.

The TCP does not have to be synced in order to define and use a tool successfully.

You can rename the tool by pressing the pencil tab next to the displayed tool name. You can
also determine the Radius with an allowed range of 0-300 mm. The limit appears in the
graphics pane as either a point or a sphere depending on radius size.

ed> B —_
<unnameds I} -] E cccc

defaut_1* gEds ——

Robor Tool (103

+ Add Tool

Robot Limits +

Joint Limits
Planes

Tool Position

! Remember to define & tool
Tool
Direction L /| Tool Flange
/o
Radius (max: 300mm)

0.0

Hardware
PROFIsafe

Safe Home Copy TCP (&}

Three
Position _

Edit Position

Feat!

R— Uriock Aoply
O Power off = o 0 O ‘;?n'rw.t\ath:\n.
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Tool Position You must set a Tool Position within the safety settings, for the safety plane to trigger

Warning

correctly when the tool TCP approaches the safety plane.
The warning remains on the Tool Position if;

* You fail to add a new tool under Tool Flange.

To configure the tool position
1. Inthe Header tap Installation.
2. On the left side of the screen, under Safety, tap Tool Position.
3. On the right side of the screen, select Add Tool.
* The newly added tool has a default name: Tool_x.
4. Tap the edit button to rename Tool_x to something more identifiable.

5. Edit the Radius and Position to match that of the tool you are currently using, or use
the Copy TCP drop-down and choose a TCP from the General>TCP settings if such
is defined.
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Tool Position
Warning
example

In this example, a Radius of 0.8mm is set and the TCP position to XYZ [20, 0, 400] in
millimeters respectively. Optionally you can choose to "Copy TCP” by using the drop-down
menu if one has already been set in the ->General/TCP settings. Once the Apply is tapped

in the bottom right corner of the screen, you are DONE.

The warning on the Tool Position button indicates a tool is not added under Tool Flange.

@ 12 8 & &

Robot Limits
Joint Limits
Planes

Tool Pesition

Lock

Tool (1 of 3)

Tool Flange
+ Add Toal

1 Femember to define a toal

Tool Flange

Radus (max: 300mm})

Copy TCP

Edit Posiion

Tool Position button without the warning indicates a tool (other than the Tool Flange) is

added.

Robot Limits
Joint Limits
Flanes

Tool Pesition
Tool

Lock

Tool (2 of 3)
Taal Flarge
Toal 1

+ Add Toal

Tool_1

Radus (max: 300mm})
0.8 rren

Copy TCP
Custom

Edit Posiion

X 20.0|mm
T 0.0|mm
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1. The First Program

Description

A program is a list of commands telling the robot what to do. For most tasks,
programming is done entirely using the PolyScope software. PolyScope allows you to
teach the robot arm how to move using a series of waypoints to set up a path for the robot
arm to follow.

Use the Move tab to move the Robot Arm to a desired position, or teach the position by
pulling the Robot Arm into place while holding down the Freedrive button at the top of the
Teach Pendant.

You can create a program can to send I/O signals to other machines at certain points in
the robot’s path, and perform commands like if..then and loop, based on variables and
I/0 signals.
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To create a
simple
program

This is a simple example program, to show how easy it is to use a UR robot. It assumes a
harmless environment and a very careful user. Do not increase the speed or acceleration
above the default values. Always conduct a risk assessment before placing the robot into
operation.

1.
2.

On PolyScope, in the Header File Path, tap New... and select Program.

Under Basic, tap Waypoint to add a waypoint to the program tree. A default Moved is
also added to the program tree.

3. Select the new waypoint and in the Command tab, tap Waypoint.

4. Onthe Move Tool screen, move the robot arm by pressing the move arrows.

You can also move the robot arm by holding down the Freedrive button and pulling the
Robot Arm into desired positions.

Once the robot arm is in position, press OK and the new waypoint displays as
Waypoint_1.

Follow steps 2 to 5 to create Waypoint_2.

7. Select Waypoint_2 and press the Move Up arrow until it is above Waypoint_1 to

>

change the order of the movements.

Stand clear, hold on to the emergency stop button and in the PolyScope Footer, press
Play button for the Robot Arm to move between Waypoint_1 and Waypoint_2.
Congratulations! You have now produced your first robot program that moves the
Robot Arm between the two given waypoints.

NOTICE
A singularity position can prevent the robot arm from moving into many

poses/orientations and can block robot arm movement altogether.
* Avoid placing the robot arm into a singularity position

You can find more detailed information in the section on Singularity.

NOTICE
Do not drive the robot into itself or anything else as this may cause damage

to the robot.

WARNING

Keep your head and torso outside the reach (workspace) of the robot. Do
not place fingers where they can be caught.
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11.1. Run Tab

Description

Program

To load a new
program

Variables

Variable
descriptions

The Run tab allows you to do simple operations and monitor the state of your robot. You
can load, play, pause and stop a program, as well as monitor variables. The Run Tab is
most useful when the program is created and the robot is ready for operation.

B 2+QH =
Prograr m Variables

Name ~ Value ~ Description »
ABCDE ~

Stopped

The Program pane displays the name and status of the current program.

1. Inthe Program pane, tap Load Program.
Select your desired program from the list.
Tap Open to load the new program.

The variables, if present, are displayed when you play the program.

The Variables pane displays the list of variables used by programs to store and update
values during runtime.

* Program variables belong to programs.

* Installation variables belong to installations that can be shared among different
programs. The same installation can be used with multiple programs.

All program variables and installation variables in your program are displayed in the
Variables pane as a list showing the Name, Value and Description of the variable.

You can add information to your variables by adding variable descriptions in the
Description column. You can use the variable descriptions to convey the purpose of the
variable and/or the meaning of its value to operators using the Run tab screen and/or
other programmers.

Variable descriptions (if used) can be up to 120 characters, displayed in the Description
column of the variables list on the Run tab screen and the Variables tab screen.
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Favorite
variables

To designate
favorite
program
variables

To designate
favorite
installation
variables

Collapse/expand
the Description
column

Collapsed
Description
column

You can display selected variables by using the Show only favorite variables option.
To show favorite variables

1. Under Variables, check the Show only favorite variables box.

2. Check Show only favorite variables again to show all variables.

You cannot designate favorite variables in the Run Tab, you can only display them.
Designating favorite variables depends on the variable type.

1. Inthe Header, tap Program.
The variables are listed under Variable Setup.
Select the desired variables.
Check the Favorite variable box.

Tap Run to return to your variable display.

—

In the Header, tap Installation.

2. Under General, select Variables.

The variables are listed under Installation Variables.
Select the desired variables.

Check the Favorite variable box.

Tap Run to return to your variable display.

A variable description spans multiple lines to fit the width of the Description column if
necessary. You can also collapse and expand the Description column by using the
buttons shown below.

To collapse/expand the Description column
1. Tap*” to collapse the Description column.

2. Tap"hl to expand the Description column.

210125

Trie

False

"Device jan"

7234

pl0.14397, 0.43562, 0.59797, -0.00122, -3,1167, 0,0389]
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Expanded =
] - Program Variables
Description o — 8
myProgram avCycleTime 5.451 /Average time for producing one irem (min) ~
column ;
Running errorDetected2 Faise Machine 2 has an error
preparedPartsl 30 Number of parts prepared by Machine 1
St produceditems 12 Total number of produced items
m O taspers ” Tt nmber o reprscpats
O show only favorite varlables
Control The Control pane allows you to control the running program. You can play and stop, or pause

and resume a program, using the buttons listed in the table below:

* The Play button, Pause button and the Resume Button are combined.
* The Play button changes to Pause when the program is running.

* The Pause button changes to Resume.

Button Function

° To play a program

Play 1. Under Control, tap Play to start running a program from
the beginning.

0 To resume a paused program
Resume
1. Tap Resume to continue running the paused program.
O To stop a program
Stop 1. Tap Stop to stop the running program
You cannot resume a stopped program.
You can tap Play to restart the program.
m To pause a program
Pause 1. Tap Pause to pause a program at a specific point.

You can resume a paused program.

11.2. Move Robotinto Position
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Description Access the Move Robot into Position screen when the Robot Arm must move to a
particular start position before running a program, or when the Robot Arm is moving to a
waypoint while modifying a program.

In cases where the Move Robot into Position screen cannnot move the Robot Arm to the
program start position, it moves to the first waypoint in the program tree.
The Robot Arm can move to an incorrect pose if:

* The TCP, feature pose or waypoint pose of the first movement is altered during
program execution before the first move is executed.

* The first waypoint is inside an If or Switch program tree node.

Accessing the 1. Tapthe Run tab in the header.
Move Robot 2. Inthe Footer, tap Play to access the Move Robot into Position screen.
into Position

Screen 3. Follow the on-screen instructions to interact with the animation and the real robot.

Move robotto Hold down Move robot to: to move the Robot Arm to a start position. The animated Robot
Arm displayed on-screen shows the desired movement about to be performed.

NOTICE

Collision can damage the robot or other equipment. Compare the
animation with the position of the real Robot Arm to ensure the Robot Arm
can safely perform the movement without colliding with any obstacles.

Manual Tap Manual to access the Move screen where the Robot Arm can be moved by using the
Move Tool arrows and/or configuring Tool Position and Joint Position coordinates.
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11.3. Using the Program Tab

Description The Program tab is the where you create and edit robot programs. There are two main
areas:

* The left side contains the program nodes you can add to your robot program.
You can use the Basic, Advanced and Template dropdowns to the very left.

* Theright side contains the configuration of the program nodes you can add to your
program.

You can use Command, Graphics and Variables options.

Move 1 X Varlables Setup
Waypoint 2 v Robot Program
Direction 3 =l <emon

wait

Ao CXKBBETE

Program Tree The program tree is built as you add program nodes to your program.
You can use the Command tab to configure the functionality of the added program nodes.

Adding * You cannot run an empty program tree or a program containing incorrectly
program configured program nodes.
nodes * Incorrectly configured programs nodes are higlighted in yellow.

* Correctly configured program nodes are highlighted in white.
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Program You can follow the the flow of a long robot program by looking at the active program node.
Execution
Indication
T e 5:‘:“’ Waypoint fixed postion -
Directi 30k o 2l
w s e
- B
o
-
RO KBBEET |t e
When the program is running, the program node currently being executed is indicated by a
small icon next to that node.
The path of execution is highlighted with blue arrow B
Tapping the @ icon at the corner of the program allows it to track the command being
executed
Search You can also search for a specific command/program node. This is useful when you have a
Button long program with many different program nodes.
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11.4. Program Tree Toolbar

Description You can work with the program nodes that have been added to the program tree by using
the icons in the bottom of the program tree.

Iconsinthe Use the toolbar at the base of the Program Tree to modify the Program Tree.
Program

Tree toolbar -
Undo & Redo undo and redo changes to commands.
<
1 )
Move Up & .
changes the position of a node.
Move Down 3
Cut i | Cuts anode and allows it to be used for other actions (e.g.,
paste it on other place on the Program Tree).
Co - copies a node and allows it to be used for other actions (e.g.,
Py paste it on other place on the Program Tree).
Paste pastes a node that was previously cut or copied.
Delete Ml | removes a node from the Program Tree.
Suppress = | suppresses specific nodes on the Program Tree.
search in the Program Tree.
Search
Q
Button ) )
Tap the icon to exit search.
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11.5. Using Selected Program Nodes

Description You can start your robot program from any program node in the program tree. This is
useful when you are testing your program.

When the robot is in Manual Mode you can allow a program to start from a selected node
or you can start the entire program from the beginning.

Play From The Play button in the Footer provides options for how to start the program.
Selection In the image below, the Play button is selected and Play from Selection is displayed.
N2 % Q A D W b
Q - Graphics Variables
Move 1 X Variables Setup Move Movel -
Waypoint 2 ¥ Robot Program Specify how the robot will move between waypoints.
Direction 3 @ < Move/
4 ® Waypoint_1 The values below apply to all child waypoints and depend on the selected movement
Wait type
i Position Motion
Popup Feature Motion Controls
Halt ‘Base v | ‘Classic v ‘
Comment Set TCP Joint Speed
Folder 4 I ‘Use active TCP v| ‘ 50‘ ofs
Set Payload Joint Acceleration .
/s
O Use joint angles

Play from beginning
Robot Program

Play from selection
3: Move) set

° 0 O 5”‘\‘”.4\atp;m.

O Normal

You can start a program only from a node in the robot Program tree. The Play from
Selection stops if a program cannot be run from a selected node.

The program also stops and displays an error message if an unassigned variable in
encountered while playing a program from selected node.

You can use Play from Selection in a subprogram. The program execution halts
when the subprogram ends.

You cannot use Play from Selection with a thread because threads always start from
the beginning.

Toplay a 1. Inthe Program tree, select a node.
program from 2. Inthe Footer, tap Play.
a selected . .
node 3. Select Play from Selection to run a program from a node in the program tree.
Example You can start a stopped program again from a specific node.
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11.6. Using Basic Program Nodes

Description Basic program nodes are used to create simple robot applications. Some basic program
nodes are also used to organize your robot program and create comments in your robot
program. This can be quite useful, if it is large robot program.

11.7. Basic Program Nodes: Move

Description The Move command allows the robot to move from point A to point B. How the robot
moves is important to the task the robot is performing. When you add a Move to your
program tree, the Move pane appears to the right of the screen. The options in the Move
pane allow you to configure a Move and the attached waypoint.

Speed The shared parameters that apply to the movement types are the maximum joint speed
settings and joint acceleration.
Cruise
Deceleration

=

L

q‘i .

o Acceleration

Time

1.1: Speed profile for a motion. The curve is divided into three segments: acceleration,
cruise and deceleration. The level of the cruise phase is given by the speed setting of
the motion, while the steepness of the acceleration and deceleration phases is given by
the acceleration parameter.
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OptiMove is a motion control option that specifies the speed and acceleration of the robot,
while maintaining hardware limits. This means the optimal motion of the robot does not

exceed the desired limits.
So 100% is the maximum speed percentage and acceleration within the hardware limits.

v Templates

Seek

Force
Palletizing

Conveyor
Tracking

Screwdriving

A

2 ¥ Robot Program
3 ¢« Move/

4 ® Waypoint_1
5 = Set

6 B Wait

7 @ Pobup

8 O Halt

el ® Comment

0 m Folder

1

- <empty>

@

12 ¢ 2 loop I

13 - cempty=>

14 L. Call

15 a= var_2:=2 * force()
16 @ bir.
17 -
18 & Script
19 & Switch ...
20 ® timer_1

21 9 @& Destack

22 ® StartPos_1

EE & = Niraction, v
— L]

9SS KBHETS

~

Variables

Move
Specify how the robot will mowve between waypoints

Move) v

The values below apply to all child waypeints and depend on the selected maovement
type

Position Motion

Feature Motion Controls

‘Ease v | ‘C\asswc v |
Set TCP Joint Speed

Use active TCP v | 60‘ °fs

Joint Acceleration
\ 80

o/g2

O Use joint angles

° 0 O S\r‘rw.llatw:-n.

O Normal

Move
commands

The Move command controls the robot's motion via waypoints.
Waypoints are automatically added when you add Move commands to a program.

You can also use Moves to set acceleration and speed for the robot arm's movement
between waypoints.

The robot moves using four Move commands as described in the following sections:

* Moved below

* Movel on the facing page

* MoveP on the facing page

* MoveCircle on page 161

Moved

The MoveJ command creates a movement from point A to point B that is optimal for the

robot. The movement may not be a direct line between A and B, but optimal for the start
position of the joints and the end position of the joints.

Moved makes movements that are calculated in the robot arm joint space. Joints are
controlled to finish their movements at the same time. This movement type results in a
curved path for the tool to follow.
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Toadd a
MovelJ

To add a
MoveJ with
OptiMove

Using Use
joint angles

MovelL

Toadd a
MovelL

MoveP

Toadd a
MoveP

In your robot program tree, select the place where you wish to add a Move.
Under Basic, tap Move to add a Move node together with a waypoint.

Select the move node.

oL Ddp =

Select Moveld in the drop-down menu.

In your robot program tree, select the desired move node or waypoint node.
In the Motion Controls dropdown menu, select OptiMove.

Use the slider to set the speed.

L Dd =

You can select Scaled acceleration to keep the settings linked.

You can deselect Scaled acceleration to modify the settings independently .

The Use joint angles option is an alternative to the 3D pose when you are using MoveJ to
define a waypoint.

Waypoints defined using the Use joint angle are not changed when a program is moved
between robots. This is useful if you are installing your program in a new robot.

Using Use joint angles makes the TCP options and feature unavailable.

The Movel command creates a movement that is a direct line from point A and point B.
MoveL moves the Tool Center Point (TCP) linearly between waypoints. This means that each
joint performs a more complicated motion to keep the tool on a straight line path.

Adding a Movel is similar to adding a MovelJ.
1. Inyour robot program tree, select the place where you wish to add the MovelL.
2. Under Basic, tap Move and select Movel from the drop-down menu.

Adding a Movel with OptiMove is also similar to adding a MovedJ with OptiMove.

Once you select the node, simply navigate to the Motion Controls dropdown and select
OptiMove.

The MoveP command creates a movement with a constant speed between the waypoints.
Blend between waypoints is enabled to ensure constant speed.
Adding a MoveP is similar to adding a MovedJ and a MoveL.
1. Inyour robot program tree, select the place where you wish to add the MoveP.
2. Under Basic, tap Move and select MoveP from the drop-down menu.
Adding a MoveP with OptiMove is also similar to adding a Moved with OptiMove.

Once you select the node, simply navigate to the Motion Controls dropdown and select
OptiMove.
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Detail MoveP moves the tool linearly with constant speed with circular blends, and is intended for
some process operations, like gluing or dispensing. The size of the blend radius is by default
a shared value between all the waypoints. A smaller value will make the path turn sharper
whereas a higher value will make the path smoother. While the robot arm is moving through
the waypoints with constant speed, the robot control box cannot wait for either an 1/0
operation or an operator action. Doing so might stop the robot arm’s motion, or cause a robot
stop.

MoveCircle The MoveCircle command creates a circular movement, by creating a half circle.
You can only add CircleMove via a MoveP command.

To add a 1. Inyour robot program tree, select the place where you wish to add a Move.
MoveCircle

N

Under Basic, tap Move.

A waypoint is added to the robot program together with the Move node.

3. Select the move node.
4. Selectthe MoveP from the drop-down menu.
5. Tap Add circle move
6. Select the orientation mode.
Detail The robot starts the circular movement from its current position, or start point, and moves
through a ViaPoint specified on the circular arc, to an EndPoint that completes the circular
movement.

A mode is used to calculate tool orientation, through the circular arc.
The mode can be:

* Fixed: only the start point is used to define the tool orientation.

* Unconstrained: the start point transforms to the EndPoint to define tool orientation.

<unnamed>
default

> Advanced
2 v Robot Program ~

CircleMove

f— 4 ® Waypoint_1
= 5 A circle move is made using three -
—— ® v CircleMove waypoints: the waypoint preceding the 7
6 @® ViaPoint_1 CircleMove node, waypoint (1), the ViaPoint Vs \\
- 2) and the EndPolirt (3) @
Palletizing 7 @ EndPoint_1 ( -
e 8 = Ser When in fixed mode: (
Tracking 9 B Wait The orientation of this movement is defined )
by the start point of the robot thus the /
Sarcrering @ Popup robot will keep that orlentation relative to /
11 O Halt the circle through the via and end points of
412 (m| Comment » the movement [
13 ¢ m Folder ~
14 - e
15 ¢ & Loop
16 =] <empty
17 L. Call Select mode for orientation relative to the circle
18 2= var_2:=2 *force() @ Fixed
19 ¢ b IF
b O Unconstrained
20 =l <empty

21 B Script
22 e Switch
M timar 1

t8S o xmpn
ONormal ’ ° 0 O Sw‘mﬂanw:wn.
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Using Set  Use this setting, if you need to change TCP during the robot program execution. This is useful
TCP if you need to manipulate different objects in the robot program.
The way the robot moves is adjusted depending on which TCP is set as an active TCP.
Ignore Active TCP allows this movement to be adjusted in relation to the Tool Flange.

To set the 1. Access the Program Tab screen to set the TCP used for waypoints.
TCPina 2. Under Command, in the drop down menu on the right select the Move type.
Move 3. Under Move, select an option in the Set TCP drop down menu.
4. Select Use active TCP or select a user defined TCP.
You can also choose Ignore Active TCP.
Feature You can use Feature between waypoints for the program to remember the tool coordinates.

This is useful when you are setting the waypoints (see Features).

You can use Feature in the following circumstances:

Feature has no effect on relative waypoints. The relative movement is always
performed with respect to orientation of the Base.

When the robot arm moves to a variable waypoint, the Tool Center Point (TCP) is
calculated as the coordinates of the variable in the space of the selected feature.
Therefore, the robot arm movement for a variable waypoint changes if another feature
is selected.

You can change a feature’s position while the program is running by assigning a pose
to its corresponding variable.
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Shared
Parameters in
a Move
Command

The shared parameters in the bottom right corner of the Move screen apply to the

movement from the previous position of the robot arm to the first waypoint under the
command, and from there to each of the following waypoints.
The Move command settings do not apply to the path going from the last waypoint under
that Move command.

> Easic

2

W Templates 3
Seek 4
5

Force 6
Palletizing 7
Conveyor 8
Tracking 9
Screwdriving 10
11

Jq 12

13

14

15

16

17

18

19

20

21

22

v

o Normal

¥ Robot Program
R
@ Waypoint_1
= Set
B Wait
@ PopLp
O Halt
| Comment
™ Folder

-

a= var_2:=2 * force()
P BIfL
-| <er
& Script
& Switch .
® dmer_1
el Destack
@ StartPos_1

O = Nirastinn

$OoXKBBREM@

@

Variables

~

Move

Specify how the robot will move between waypoints.

Move) v

The values below apply to all child waypoints and depend on the selected movement

type.
Position Motion
Feature Motion Controls
|Base hd ‘ ‘C\assic v ‘
Set TCP Joint Speed
I |USe active TCP v ‘ 80| °fs

O Use joint angles

\
Joint Acceleration
\

80| °/s?

° 0 O snwaﬂ,:,,.‘.
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11.8. Basic Program Nodes: Waypoints

Description

Waypoints are one of the most central parts of a robot program, telling the robot arm
where to go one movement at a time.

Add
Waypoints

Add a 1.

waypoint to a 2. Under
robot program

Move
Waypoint
Direction
Wait

Set
Popup
Halt

Comment

Folder

Set Payload

O Normal

Basic, tap Move.

A waypoint accompanies a Move, so adding a Move is required for the first waypoint.

In your Robot Program, select the place where you wish to add a Move.

A waypoint is added to the robot program together with the Move node.

Universal Robots Graphical Programming Environment

1 ¥ Robot Program
2 ¢ < Move/
3 ® Waypoint_1

4SS XBRTZ

Variables

Move Move]
Specify how the robot will move between waypoints

The values below apply to all child waypoints and depend on the selected movement

type.
Set TCP Joint Speed
‘Use active TCP v | | 60.0| °/s
Feature Joint Acceleration
" ‘Base V‘ | 80.0| °/s?
O Use joint angles
Reset

° 0 o simuation )
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11. The First Program

Add additional 1. Inyour Robot Program, select a Move node or Waypoint node.
waypointstoa 2 Under Basic, tap Waypoint.

Move or
Waypoint

Detail

The additional waypoint is added in the Move node. This waypoint is part of the

Move command.

Universal Robots Graphical Programming Environment

Variables

-~

Move
1 ¥ Robot Program Waypoint
Waypoint 2 9 ¢ Movel
Direction 3 © Waypoint 1 Waypoint_B
4 ® Waypoint 2

— TN

Set

Popup

| Edit pose
Halt
Comment
ol 3

Folder

Set Payload
) Advanced @ Stop at this point

O Blend with radius
> Templates
0
Add Until
= —
I X A-Nal- g N0 k=

Move here

@ Use shared parameters

O Joint Speed 60
Joint Acceleration 80
O Time 2.0

O Normal

The additional waypoint is added under the waypoint that you selected in the robot

program.

000 @

Using a waypoint means applying the taught relationship between the feature and the TCP
from the Move command. The relationship between the feature and the TCP, applied to the
current selected feature, achieves the desired TCP location. The robot calculates how to
position the arm to allow the current active TCP to reach the desired TCP position.

11.9. Using the Move Tab
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Description Use the Move Tab screen to move (jog) the robot arm directly, either by
translating/rotating the robot tool, or by moving robot joints individually.

v -51488/mm RY| -3.160red

2z -184.45/mm Rz| -0.047rad

Joint Position

T
e
¥ e
- na)
S — ————
&

Tousethe Hold down any of the Move Tool arrows to move the robot arm in the corresponding direction.
Move Tool
arrows

* The Translate arrows (upper) move the tool flange in the direction indicated.

* The Rotate arrows (lower) change the orientation of the tool in the indicated direction.
The rotation point is the Tool Center Point (TCP), i.e.the point at the end of the robot
arm that gives a characteristic point on the tool. The TCP is shown as a small blue ball.

Robot If the current position of the TCP approaches a safety plane, a trigger plane, or the orientation
of robot tool is near the tool orientation boundary limit, a 3D representation of the proximate
boundary limit is shown. The visualization of boundary limits is disabled during program
execution.

Safety planes display in yellow and black with an arrow indicating which side of the plane, the
robot TCP is allowed to be positioned.

Trigger planes display in blue and green with an arrow indicating the side of the plane, where
the Normal mode limits are active.

The tool orientation boundary limit is visualized with a spherical cone together with a vector
indicating the current orientation of the robot tool. The inside of the cone represents the
allowed area for the tool orientation (vector).

When the robot TCP is no longer in proximity of the limit, the 3D representation disappears. If
the TCP is in violation or very close to violating a boundary limit, the visualization of the limit
turns red.

Feature Under Feature, you can define how to control the robot arm relative to View, Base or Tool
features. For the best feel for controlling the robot arm you can select the View feature, then
use Rotate arrows to change the viewing angle of the 3D image to match your view of the
real robot arm.

Active TCP In the Robot field, under Active TCP, the name of the current active Tool Center Point (TCP)
is displayed.
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Home

Freedrive

Align

The Home button accesses the Move Robot into Position screen, where you can hold down
the Auto button to move robot into position previously defined under Installation. The Home
button’s default setting returns the Robo Arm to an upright position .

The on-screen Freedrive button allows the Robot Arm to be pulled into desired
positions/poses.

The Align button allows the Z axis of the active TCP to align to a selected feature.

Tool Position The text boxes display the full coordinate values of the TCP relative to the selected feature.

Joint
Position

Using
Freedrive in

You can configure several named TCPs. You can also tap Edit pose to access the Pose
Editor screen.

The Joint Position field allows you to directly control individual joints. Each joint moves
along a default joint limit range from — 360° to + 360°, defined by a horizontal bar. Once the
limit is reached you cannot move a joint any further. You can configure joints with a position
range different from the default, this new range is indicated with red zone inside the
horizontal bar.

The Freedrive button shall only be used in applications if allowed by the risk assessment.

the Move tab 2 WARNING
Failure to correctly configure the mounting setting can result in unwanted

robot arm movement when you use the Freedrive button.

* Payload settings and robot mounting settings shall be set correctly
before using Freedrive.

* All personnel shall remain outside the reach of the robot arm, when
Freedrive is in use.

é WARNING
Failure to correctly configure the installation settings, can increase the risk
of the robot arm falling during Freedrive, due to payload errors.

* Verify the installation settings are correct (e.g. Robot mounting
angle, payload mass and payload center of gravity offset) . Save
and load the installation files along with the program.

* Save and load the installation files along with the program.
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11.10. Pose Editor

Description

Robot

Once you access the Pose Editor screen, you can precisely configure a target joint
positions, or a target pose (position and orientation) for the TCP. Note: This screen is
offline and does not control the Robot Arm directly.

RE A

e
x| et

[+]+]+]

[+
R B o« BT«

[

The 3D image shows the current Robot Arm position. The shadow shows the Robot Arm
target position controlled by the specified values on the screen. Press the magnifying glass
icons to zoom in/out or drag a finger across it to change the view.

If the specified target position of the robot TCP is close to a safety or trigger plane, or the
orientation of robot tool is near the tool orientation boundary limit, a 3D representation of the
proximate boundary limit is shown. Safety planes are visualized in yellow and black with a
small arrow representing the plane normal, which indicates the side of the plane on which the
robot TCP is allowed to be positioned. Trigger planes are displayed in blue and green and a
small arrow pointing to the side of the plane, where the Normal mode limits are active. The
tool orientation boundary limit is visualized with a spherical cone together with a vector
indicating the current orientation of the robot tool. The inside of the cone represents the
allowed area for the tool orientation (vector). When the target robot TCP is no longer in
proximity of the limit, the 3D representation disappears. If the target TCP is in violation or very
close to violating a boundary limit, the visualization of the limit turns red.
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Feature and The active TCP and coordinate values of the selected feature are displayed. The X, Y, Z
Tool coordinates specify tool position. The RX, RY, RZ coordinates specify orientation. For
Position further information about configuring several named TCPs.
Use the drop down menu above the RX, RY and RZ boxes to choose the orientation
representation type:

* Rotation Vector [rad] The orientation is given as a rotation vector. The length of the
axis is the angle to be rotated in radians, and the vector itself gives the axis about
which to rotate. This is the default setting.

* Rotation Vector [°] The orientation is given as a rotation vector, where the length of
the vector is the angle to be rotated in degrees.

* RPY [rad] Roll, pitch and yaw (RPY) angles, where the angles are in radians. The
RPY-rotation matrix (X, Y’, Z” rotation) is given by:
Rrony, B, ) = RZ(a) - RY(B) - RX(y)

* RPY [°]Roll, pitchand yaw (RPY) angles, where angles are in degrees.
You can tap the values to edit the coordinates. You can also tap the + or - buttons to the right

of a box to add/subtract an amount to/from the current value. Or you can hold down a button
to directly increase/decrease the value.

Joint Individual joint positions are specified directly. Each joint position can have Joint Limit range
Positions from — 360° to + 360°. You can configure Joint Positions as follows:

* Tap the joint position to edit the values.

* Tap the + or - buttons to the right of a box to add or subtract an amount to/from the
current value.

* Hold down a button to directly increase/decrease the value.

OK Button If you activate this screen from the Move screen, tap the OK button to return to the Move
screen. The Robot Arm moves to the specified target. If the last specified value was a tool
coordinate, the Robot Arm moves to the target position using movement type MoveL,; or it
uses movement type MoveJ if a joint position was specified last.

Cancel The Cancel button exits the screen discarding all changes.
Button
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12. Cybersecurity Threat Assessment

This section provides information to help you strengthen the robot against potential
cybersecurity threats. It outlines requirements for addressing cybersecurity threats and

Description
P provides security hardening guidelines.

12.1. General Cybersecurity

Description Connecting a Universal Robots robot to a network can introduce cybersecurity risks.
These risks can be mitigated by using qualified personnel and implementing specific
measures for protecting the robot's cybersecurity.

Implementing cybersecurity measures requires conducting a cybersecurity threat
assessment.
The purpose is to:

* Identify threats
* Define trust zones and conduits

* Specify the requirements of each component in the application

ﬁ WARNING
Failure to conduct a cybersecurity risk assessment can place the robot
at risk.

* The integrator or competent, qualified personnel shall conduct a
cybersecurity risk assessment.

NOTICE

Only competent, qualified personnel shall be responsible for
determining the need for specific cybersecurity measures and for
providing the required cybersecurity measures.

12.2. Cybersecurity Requirements

Description Configuring your network and securing your robot requires you to implement the threat
measures for cybersecurity.
Follow all the requirements before you start configure your network, then verify the robot
setup is secure.
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Cybersecurity * Operating personnel must have a thorough understanding of general
cybersecurity principles and advanced technologies as used in the UR robot.

* Physical security measures must be implemented to allow only authorized
personnel physical access to the robot.

* There must be adequate control of all access points. For example: locks on doors,
badge systems, physical access control in general.

é WARNING
Connecting the robot to a network that is not properly secured, can
introduce security and safety risks.

* Only connect your robot to a trusted and properly secured

network.
Network * Only trusted devices are to be connected to the local network.
configuration * There must be no inbound connections from adjacent networks to the robot.

requirements . . .
9 * Outgoing connections from the robot are to be restricted to allow the smallest

relevant set of specific ports, protocols and addresses.

* Only URCaps and magic scripts from trusted partners can be used, and only after
verifying their authenticity and integrity

Robot setup * Change the default password to a new, strong password.

security * Disable the "Magic Files" when not actively used (PolyScope 5).

requirement . _—
equirements Disable SSH access when not needed. Prefer key-based authentication over

password-based authentication

* Set the robot firewall to the most restrictive usable settings and disable all unused
interfaces and services, close ports and restrict IP addresses
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12.3. Cybersecurity Hardening Guidelines

Description

Although PolyScope includes many features for keeping the network connection secure,
you can harden security by observing to following guidelines:

Before connecting your robot to any network, always change the default password
to a strong password.

NOTICE
You cannot retrieve or reset a forgotten or lost password.

* Store all passwords securely.

Use the built-in settings to restrict the network access to the robot as much as
possible.

Some communication interfaces have no method of authenticating and encrypting
communication. This is a security risk. Consider appropriate mitigating measures,
based on your cybersecurity threat assessment.

SSH tunneling (Local port forwarding) must be used to access robot interfaces
from other devices if the connection crosses the trust zone boundary.

Remove sensitive data from the robot before it is decommissioned. Pay particular
attention to the URCaps and data in the program folder.

* To ensure secure removal of highly sensitive data, securely wipe or destroy
the SD card.
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13. Communication Networks

Fieldbus You can use the Fieldbus options to define and configure the family of industrial computer
network protocols used for real-time distributed control accepted by PolyScope:

* MODBUS
* Ethernet/IP
* PROFINET
* PROFlsafe
* UR Connect
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13.1. MODBUS

Description Here, the MODBUS client (master) signals can be set up. Connections to MODBUS
servers (or slaves) on specified IP addresses can be created with input/output signals
(registers or digital). Each signal has a unique name so it can be used in programs.

Refresh Push this button to refresh all MODBUS connections. Refreshing disconnects all modbus
units, and connects them back again. All statistics are cleared.

Add unit Push this button to add a new MODBUS unit.

Delete unit  Push this button to delete the MODBUS unit and all signals on that unit.

Set unit IP Here the IP address of the MODBUS unit is shown. Press the button to change it.

Sequential Available only when Show Advanced Options selected. Selecting this checkbox forces the

mode modbus client to wait for a response before sending the next request. This mode is
required by some fieldbus units. Turning this option on may help when there are multiple
signals, and increasing request frequency results in signal disconnects.
The actual signal frequency may be lower than requested when multiple signals are
defined in sequential mode. Actual signal frequency can be observed in signal statistics.
The signal indicator turns yellow if the actual signal frequency is less than half of the value
selected from the Frequency drop-down list.

Add signal  Push this button to add a signal to the corresponding MODBUS unit.

Delete Push this button to delete a MODBUS signal from the corresponding MODBUS unit.
signal
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Setsignal  Use this drop down menu to choose the signal type.
type Available types are:

A digital input (coil) is a one-bit quantity which is read from the

ngf/ MODBUS unit on the coil specified in the address field of the signal.
Function code 0x02 (Read Discrete Inputs) is used.
A digital output (coil) is a one-bit quantity which can be set to either high
or low. Before the value of this output has been set by the user, the
Digital value is read from th(.a remote MODBUS unit. This means that function
output code 0x01 (Read Coils) is used. When the output has been set by a

robot program or by pressing the set signal value button, the function
code 0x05 (Write Single Coil) is used onwards.

A register input is a 16-bit quantity read from the address specified in
Register | the address field. The function code 0x04 (Read Input Registers) is
input used.

A register output is a 16-bit quantity which can be set by the user.
Before the value of the register has been set, the value of it is read from
the remote MODBUS unit. This means that function code 0x03 (Read

ORjglz;er Holding Registers) is used. When the output has been set by a robot
program or by specifying a signal value in the set signal value field,
function code 0x06 (Write Single Register) is used to set the value on
the remote MODBUS unit.
Set signal This field shows the address on the remote MODBUS server. Use the on-screen keypad to
address choose a different address. Valid addresses depends on the manufacturer and configuration

of the remote MODBUS unit.

Set signal Using the on-screen keyboard, the user can give the signal a name. This name is used when
hame the signal is used in programs.

Signal Here, the current value of the signal is shown. For register signals, the value is expressed as

value an unsigned integer. For output signals, the desired signal value can be set using the button.
Again, for a register output, the value to write to the unit must be supplied as an unsigned
integer.
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Signal This icon shows whether the signal can be properly read/written (green), or if the unit
connectivity responds unexpected or is not reachable (gray). If a MODBUS exception response is
status received, the response code is displayed. The MODBUS-TCP Exception responses are:

ILLEGAL FUNCTION (0x01) The function code received in the query is
not an allowable action for the server (or slave).

ILLEGAL DATA ADDRESS (0x02) The function code received in the
query is not an allowable action for the server (or slave), check that the
E2 | entered signal address corresponds to the setup of the remote MODBUS
server.

ILLEGAL DATA VALUE (0x03) A value contained in the query data field is
not an allowable value for server (or slave), check that the entered signal

E1

E3 value is valid for the specified address on the remote MODBUS server.

E4 SLAVE DEVICE FAILURE (0x04) An unrecoverable error occurred while
the server (or slave) was attempting to perform the requested action.

E5 ACKNOWLEDGE (0x05) Specialized use in conjunction with

programming commands sent to the remote MODBUS unit.

SLAVE DEVICE BUSY (0x06) Specialized use in conjunction with
E6 | programming commands sent to the remote MODBUS unit, the slave
(server) is not able to respond now.

Show
Advanced
Options

This check box shows/hides the advanced options for each signal.
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Advanced

Options

This menu can be used to change the update frequency of the
signal. This means the frequency with which requests are sent to
the remote MODBUS unit for either reading or writing the signal

Upaate value. When the frequency is set to 0, then modbus requests are
Frequency . . .
initiated on demand using a modbus_get _signal _status, modbus
set _output_register, and modbus_set_output_signal script
functions.
This text field can be used to set a specific slave address for the
requests corresponding to a specific signal. The value must be in
Slave the range 0-255 both included, and the default is 255. If you
Address change this value, it is recommended to consult the manual of the
remote MODBUS device to verify its functionality when changing
slave address.
Reconnect Number of times TCP connection was closed, and connected
count again.
Connection TCP connection status.
status
Response Time between modbus request sent, and response received - this
time [ms] is updated only when communication is active.
Modbus Number of received packets that contained errors (i.e. invalid
packet errors | length, missing data, TCP socket error).
, Number of modbus requests that didn’t get response.
Timeouts
Number of packets that could not be sent due to invalid socket
Requests
failed status.
The average frequency of client (master) signal status updates.
Actual freq. This value is recalculated each time the signal receives a

response from the server (or slave).

All counters count up to 65535, and then wrap back to 0.
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13.2. EtherNet/IP

Description EtherNet/IP is a network protocol that enables the connection of the robot to an industrial
EtherNet/IP Scanner Device.
If the connection is enabled, you can select the action that occurs when a program loses
EtherNet/IP Scanner Device connection.
Those actions are:

PolyScope ignores the loss of EtherNet/IP connection and the
program continues to run.

PolyScope pauses the current program. The program resumes from
Pause where it stopped.

None

PolyScope stops the current program.

Stop

13.3. PROFINET

Description
The PROFINET network protocol enables or disables the connection of the robot to an
industrial PROFINET IO-Controller.
If the connection is enabled, you can select the action that occurs when a program loses
PROFINET IO-Controller connection.
Those actions are:

PolyScope ignores the loss of PROFINET connection and the
program continues to run.

PolyScope pauses the current program. The program resumes from
Pause where it stopped.

None

Stop PolyScope stops the current program.

If the PROFINET engineering tool (e.g. TIA portal) emits a DCP Flash signal to the robot's
PROFINET or PROFIsafe device, a popup in PolyScope is displayed.
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13.4. PROFlsafe

Description

NOTICE

SW 5.25 provided a significant software update to PROFIsafe.
Please see the safety notice online: htips://www.universal-
robots.com/articles/ur/safety/safety-notice-profisafe-2/

The PROFIsafe network protocol (implemented as version 2.6.1) allows the robot to
communicate with a safety PLC according to ISO 13849, Cat 3 PLd requirements. The
robot transmits safety state information to a safety PLC, then receives information to be
reduced or to trigger a safety related function like an emergency stop.

The PROFIsafe interface provides a safe, network-based alternative to connecting wires
to the safety IO pins of the robot control box.

PROFIsafe is only available on robots that have an enabling license, which you can obtain
by contacting your local sales representative, once obtained, the license can be
downloaded on myUR.

Please refer to Robot Registration and URCap License files for information regarding
robot registration and license activation.
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Safety A control message that the safety PLC sends to the robot contains the information shown in
PLC Out the following table.

Signal Description

* 0: Asserts the system e-stop.
E-Stop by system
* 1:Clear system e-stop.

* 0: Asserts the safeguard stop.
Safeguard stop * 1: Normal operation state.

Note: Also refer to the “Reset safeguard stop” signal description.

Resets the safeguard stop state on a 0-to-1 transition when the
Reset safeguard stop . )
“safeguard stop” signal is already setto 1.

* 0: Asserts safeguard stop if the robot is operating in
Automatic mode.

* 1: Normal operation state.

Safeguard stop auto shall only be used when a 3-Position
Safeguard stop auto Enabling (3PE) Device is configured. If no 3PE Device is
configured, the safeguard stop auto acts as a normal safeguard
stop input.

Note: Also refer to the “Reset safeguard stop auto” signal

description.

Resets the safeguard stop auto state on a 0-to-1 transition when
Reset safeguard stop auto ) .
the “safeguard stop auto” signal is already set to 1.

* 0:Activates the Reduced safety limits.
* 1: Activates the “Normal mode” safety limits.

Reduced The safety system guarantees the robot is within reduced limits
less than 0.5s after the input is activated. If the robot arm
continues to violate any of the reduced limits, a Stop Category 0 is

triggered.

* 0: Activates the manual operational mode.

* 1: Activates the automatic operational mode.

Operational mode If the safety configuration "Operational mode selection via

PROFIsafe" is disabled, this field shall be omitted from the

PROFIsafe control message.
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Safety A status message that the robot sends to the safety PLC contains the information shown in the
PLCIn following table.

Signal Description

* 0: Robot is performing, or has completed, a safety stop of
category 0; a hard stop by immediate removal of power to

Stop, cat. 0 the arm and the motors.

* 1:Normal operation state.

* 0: Robot is performing, or has completed, a safety stop of
category 1; a controlled stop after which the motors are left

Stop, cat. 1 in a power-off state with brakes engaged.

* 1:Normal operation state.

* 0: Robot is performing, or has completed, a safety stop of
category 2; a controlled stop after which the motors are left

Stop, cat. 2 in a power-on state.

* 1: Normal operation state.

* 0: Robot is stopped because the safety system has failed to
Violation comply with the active safety limits defined.

* 1:Normal operation state.

* 0: Robot is stopped because of an unexpected exceptional

error in the safety system.
Fault
* 1:Robot is not experiencing an unexpected exceptional

error in the safety system.

* 0: Robot is stopped because of one of the following
conditions:

* Asafety PLC connected via PROFIsafe has
asserted a system level e-stop.

* An IMMI module connected to the control box has

E-stop by system
asserted a system level e-stop.

* Aunit connected to the system e-stop configurable
safety input of the control box has asserted a

system level e-stop.

* 1:Robotis not in system e-stop.

* 0: The robot is stopped because of one of the following
conditions:

* The e-stop button of the teach pendant is pressed.

E-stop by robot * An e-stop button connected to the robot e-stop
non-configurable safety input of the control box is
pressed.

* 1:Robotis not in e-stop by robot.
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Signal Description

Safeguard stop

* 0: The robot is stopped due to one of the following
conditions:

* Asafety PLC connected via PROFIsafe has
asserted the safeguard stop.

* Aunit connected to the safeguard stop
nonconfigurable input of the control box has
asserted the safeguard stop.

* Aunit connected to the safeguard stop
configurable safety input of the control box has
asserted the safeguard stop.

* 1:The robot is not stopped due to a safeguard stop.

Note: Also refer to the “Reset safeguard stop” signal description.

PROFIsafe enforces the use of the safeguard reset functionality.

Safeguard stop auto

0: The robot is stopped because it is operating in Automatic mode

and one of the following conditions applies:

* Asafety PLC connected via PROFIsafe has asserted
safeguard stop auto.

* Aunit connected to a safeguard stop auto configurable
safety input of the control box has asserted safeguard stop
auto.

1: The robot is not stopped due to safeguard stop auto.
Note: Also refer to the “Reset safeguard stop auto” signal
description. PROFIsafe enforces the use of the safeguard reset

functionality.

3PE stop

* 0: The robot is stopped because it is operating in Manual
mode and one of the following conditions applies:

* Any 3PE is pressed to the middle position, and
Freedrive input is active.

* Not all 3PE devices are pressed to the middle
position.

* 1:Robot is not stopped because of a 3-position enabling
device.

Operational mode

Indication of the active operational mode of the robot.
* 0:Disabled
* 1: Automatic

* 2:Manual

Reduced

* 0: Reduced safety limits are active.

* 1: Normal safety limits are active.
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Signal Description

The active set of safety limits.
* 0:Normal

Active limit set

* 1:Reduced

* 2:Recovery

* 0: Robot is moving. If any joint moves at a velocity of 0.02 rad/s or
Robot moving higher, the robot is considered in motion.

* 1:Robot is at standstill.

* 0: Robot s at rest (robot not moving), and in the position defined

as the Safe Home Position.
Safe home position
* 1:Robotis not at rest, or not in the position defined as the Safe

Home Position.

Configuring Configuring PROFIsafe relates to programming the safety PLC, but requires minimal robot
PROFlsafe setup.

1. Connect the robot to a trusted network that accesses a safety compliant PLC.
2. On PolyScope, in the Header, tap Installation.
3. Tap Safety, select PROFlIsafe and configure as needed.

e
-
=

Joint Limits

Planes

1 Tool Position

—_

Enter the robot safety password and tap Unlock.
Use the switch button to enable PROFIsafe.

Enabling
PROFIsafe

N

Enter a source address and destination address into the corresponding boxes.

These addresses are arbitrary numbers used by the robot and the safety PLC to
identify each other.

4. You can switch the Control Operational Mode to the ON position if you want
PROFIsafe to control the robot operational mode.

Only one source can control the operational mode of the robot. Therefore other
sources of mode selection are disabled when operational mode selection via
PROFIsafe is enabled.

The robot is now setup to communicate with a safety PLC.
You cannot release the robot's brakes if the PLC is not responding or if it is misconfigured.
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13.5. UR Connect

Description The URCap UR Connect comes pre-installed with 5.19 PolyScope 5 software.
To ensure correct operation, there are some additional prerequisites that must be
installed.

Please refer to the URCap documentation for additional information.
UR Connect Installation and User Guide

Install UR To install the UR Connect, please follow the steps below:

Connect 1

2.
3.
4

. Go to the Installation tab.

Hit the tab URCaps in the left side of the screen.
Hit Install to start installation the prerequisites.

Follow the steps on the screen.

Activate UR  The UR Connect URCap needs to be paired with myUR to send data to MyUR.
Connect Please refer to the MyUR documentation on the UR Connect for further information.

UR Connect You can find the URCaps on the Installation Tab.

URCap 1
Update

2.
3.
4

. You can now download, dismiss or delay the update.

. Go to the Installation tab.

Hit the tab URCaps in the left side of the screen.
Hit the button Check for Updates in the bottom right corner.

a. Ifyou delay or dismiss, the update will only refresh when there is a new
version.

Follow the update steps.

Restart PolyScope when the update is complete.

NOTICE
You can still update UR Connect even if itis NOT installed.

User Manual

184 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.


https://myur.universal-robots.com/resources/ur-connect/how-to-guide

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

R
UNIVERSAL ROBOTS 14. Risk Assessment

14. Risk Assessment

Description

The risk assessment is a requirement that shall be performed for the application. The
application risk assessment is the responsibility of the integrator. The user can also be
the integrator.

The robot is partly completed machinery, as such the safety of the robot application
depends on the tool/end effector, obstacles and other machines. The party performing the
integration must use ISO 12100 and ISO 10218-2 to conduct the risk assessment.
Technical Specification ISO/TS 15066 can provide additional guidance for collaborative
applications. The risk assessment shall consider all tasks throughout the lifetime of the
robot application, including but not limited to:

* Teaching the robot during set-up and development of the robot application
* Troubleshooting and maintenance

* Normal operation of the robot application

A risk assessment must be conducted before the robot application is powered on for the
first time. The risk assessment is an iterative process. After physically installing the robot,
verify the connections, then complete the integration. A part of the risk assessment is to
determine the safety configuration settings, as well as the need for additional emergency
stops and/or other protective measures required for the specific robot application.
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Safety Identifying the correct safety configuration settings is a particularly important part of
configuration developing robot applications. Unauthorized access to the safety configuration must be
settings prevented by enabling and setting password protection.

WARNING

Failure to set password protection can result in injury or death due to
purposeful or inadvertent changes to configuration settings.

* Always set password protection.

* Set up a program for managing passwords, so that access is
only by persons who understand the effect of changes.

Some safety functions are purposely designed for collaborative robot applications. These
are configurable through the safety configuration settings. They are used to address risks
identified in the application risk assessment.

The following limit the robot and as such can affect the energy transfer to a person by the
robot arm, end effector and workpiece.

* Force and power limiting: Used to reduce clamping forces and pressures exerted
by the robot in the direction of movement in case of collisions between the robot
and the operator.

* Momentum limiting: Used to reduce high transient energy and impact forces in
case of collisions between robot and operator by reducing the speed of the robot.

* Speed limitation: Used to ensure the speed is less that the configured limit.

The following orientation settings are used to avoid movements and reduce exposure of
sharp edges and protrusions to a person.

* Joint, elbow and tool/end effector position limiting: Used to reduce risks
associated with certain body parts: Avoid movement towards head and neck.

* Tool/end effector orientation limiting: Used to reduce risks associated with
certain areas and features of the tool/end effector and work-piece: Avoid sharp
edges being pointed towards the operator, by turning the sharp edges inward
towards the robot.

Stopping Some safety functions are purposely designed for any robot application. These features
performance are configurable through the safety configuration settings. They are used to address risks
risks associated with the stopping performance of the robot application.

The following limit the robot stopping time and stopping distance to ensure stopping will
occur before reaching the configured limits. Both settings automatically affect the speed
of the robot to ensure the limit is not exceeded.

* Stopping Time Limit: Used to limit the stopping time of the robot.
* Stopping Distance Limit: Used to limit the stopping distance of the robot.

If either of the above is used, there is no need for manually performed periodic stopping
performance testing. The robot safety control does continuous monitoring.
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If the robot is installed in a robot application where hazards cannot be reasonably eliminated or
risks cannot be sufficiently reduced by use of the built-in safety-related functions (e.g. when
using a hazardous tool/end effector, or hazardous process), then safeguarding is required.

WARNING
Failure to conduct a application risk assessment can increase risks.

* Always conduct an application risk assessment for foreseeable risks
and reasonably foreseeable misuse.

For collaborative applications, the risk assessment includes the
foreseeable risks due to collisions and to reasonably foreseeable
misuse.

The risk assessment shall address:
* Severity of harm
* Likelihood of occurrence

* Possibility to avoid the hazardous situation

Potential Universal Robots identifies the potential significant hazards listed below for consideration
hazards by the integrator. Other significant hazards can be associated with a specific robot
application.

* Penetration of skin by sharp edges and sharp points on tool/end effector or tool/end
effector connector.

* Penetration of skin by sharp edges and sharp points on nearby obstacles.

* Bruising due to contact.

* Sprain or bone fracture due to impact.

* Consequences due to loose bolts that hold the robot arm or tool/end effector.

* Items falling out of, or flying from the tool/end effector, e.g. due to a poor grip or
power interruption.

* Mistaken understanding of what is controlled by multiple emergency stop buttons.
* Incorrect setting of the safety configuration parameters.

* Incorrect settings due to unauthorized changes to the safety configuration
parameters.
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14.1. Pinch Hazard

Description You can avoid pinching hazards by removing obstacles in these areas, by placing the
robot differently, or by using a combination of safety planes and joint limits to eliminate the
hazards by preventing the robot moving into this area of its workspace.

é CAUTION
Placing the robot in certain areas can create pinching hazards that can
lead to injury.

Due to the physical properties of the robot arm, certain workspace areas require attention
regarding pinching hazards. One area (left) is defined for radial motions when the wrist 1
joint is at least 800 mm from the base of the robot. The other area (right) is within 300 mm
of the base of the robot, when moving tangentially.
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14.2. Stopping Time and Stopping Distance

Description
NOTICE
You can set user-defined safety rated maximum stopping time and

distance.
If user-defined settings are used, the program speed is dynamically
adjusted to always comply with the selected limits.

The graphical data provided for Joint 0 (base), Joint 1 (shoulder) and Joint 2 (elbow) is
valid for stopping distance and stopping time:

* Category 0

* Category 1

* Category 2
The Joint 0 test was carried out using a horizontal movement, where the rotational axis
was perpendicular to the ground. For the Joint 1 and Joint 2 tests, the robot followed a
vertical trajectory, where the rotational axes were parallel to the ground, and the stop was
done while the robot was moving downward.

The Y-axis is the distance from where the stop is initiated to the final position.
The payload CoG is at the tool flange.

Joint 0
(BASE) 0.10{ —e~ 100% extension
—8— 66% extension
—&— 33% extension
. 0.08
Stopping
distance in E0.06
]
meters for £ 004
33% of 16kg z
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0.00
33 66 100
Speed [%]
Stopping
dIStaI’lce Il’l 0.12 { =~ 100% extension
meters for 10| == S
66% of 16kg
—0.08
E
8 0.06
c
S
2 0.04
o
0.02
0.00

w
W
o
o

100
Speed [%]
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Stopping
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14. Risk Assessment

Joint 1
(SHOULDER) —@— 100% extension
0.125 { —®— 66% extension
-8 33% extension
Stopping 0.100
distance in =0.075
meters for 33% £ 0.050
of 16kg 5
v .A
0.000
33 66 100
Speed [%]
Stopping
d|Stance |n 0.20 —8— 100% extension
-8~ 66% ext i
gwsi;e:)s]: f1o(;'kg 015l = extension
(o)
B
2 0.10
o
c
8
3 0.05
0.00 .ﬁ:
33 66 100
Speed [%]
Stopping
dIStanCG |n 0.25 —@— 100% extension
meters for T 2o S extansion
; 0.20
maximum
payload of %0.15
16kg £0.10
[%)
2
0.05
0.00
33 66 100
Speed [%]
Joint 1
(SHOULDER) 0.14 —8— 100% extension
-8~ 66% extension
0.12 —-@— 33% extension
Stopping time in
0.10
seconds for 33% =
£.0.08
of 16kg £
£ 0.06
0.04
0.02
33 66 100
Speed [%]
UR16e 191 User Manual



R
14. Risk Assessment UNIVERSAL ROBOTS

Stopping time
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14. Risk Assessment
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15. Emergency Events

Description

Follow the instructions here to handle emergency situations, such as activating the
emergency stop using the red push-button. This section also describes how to manually
move the system without power.

15.1. Emergency Stop

Description

The Emergency Stop or E-stop is the red push-button located on the Teach Pendant.
Press the emergency stop push-button to stop all robot motion. Activating the emergency
stop push-button causes a stop category one (IEC 60204-1).

Emergency stops are not safeguards (ISO 12100).

Emergency stops are complementary protective measures that do not prevent injury. The
risk assessment of the robot application determines if additional emergency stop push-
buttons are required. The emergency stop function and the actuating device must comply
with ISO 13850.

After an emergency stop is actuated, the push-button latches in that setting. As such,
each time an emergency stop is activated, it must be manually reset at the push-button
that initiated the stop.

Before resetting the emergency stop push-button, you must visually identify and assess
the reason the E-stop was first activated. Visual assessment of all the equipment in the
application is required. Once the problem is solved, reset the emergency stop push-
button.

To reset the emergency stop push-button

1. Hold the push-button and twist clockwise until the latching disengages.

You should feel when the latching is disengaged, indicating the push-button is
reset.

2. Verify the situation and whether to reset the emergency stop.

3. After resetting the emergency stop, restore power to the robot and resume
operation.
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15.2. Movement Without Drive Power

Description In the event of an emergency, when powering the robot is either impossible or unwanted,
you can use forced back-driving to move the robot arm.

Forced back-driving requires you to push, or pull, the robot arm hard to move the joint.
Bigger robot arms can involve more than one person to move the joint.

Each joint brake has a friction clutch that enables movement during high forced torque.
Forced back-driving requires high force and one or more people may be required to move
the robot.

In clamping situations, two or more people are required to do the forced back-driving. In
some situations, two or more people are required to disassemble the robot arm.

Personnel using the UR robot are to be trained to respond to emergency events.
Supplemental information shall be provided, on integration.

Q WARNING
Risks due to an unsupported robot arm breaking or falling can cause
injury or death.

* Do not disassemble the robot during an emergency event.

* Support the robot arm before removing power.

NOTICE

Moving the robot arm manually is intended for emergency and service
purposes only. Unnecessary moving of the robot arm can lead to
property damage.

* Do not move the joint more than 160 degrees, to ensure the robot
can find its original physical position.

* Do not move any joint more than necessary.
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15.3. Modes

Description You access and activate different modes using Teach Pendant or the Dashboard Server.
If an external mode selector is integrated, it control the modes - not PolyScope or the
Dashboard Server.

Automatic Mode Once activated, the robot can only execute a program of pre-defined
tasks. You cannot modify or save programs and installations.

Manual Mode Once activated, you can program the robot. You can modify and save
programs and installations.

The speeds used in Manual Mode must be limited to prevent injury. When the robot is
operating in Manual Mode, a person could be positioned within reach of the robot. The
speed must be limited to the value that is appropriate for the application risk assessment.

WARNING

Injury can occur if the speed used, while the robot is operating in Manual
Mode, is too high.

High Speed Manual Mode can be used. It allows both tool speed and elbow speed to
temporarily exceed 250 mm/s, while a hold-to-run is used.
Hold-to-run is performed by continuous contact with the Speed Slider.

The robot performs a Safeguard Stop in Manual mode, if a Three-Position Enabling
Device is configured, and either released (not pressed) or it is fully compressed.

Switching between Automatic mode to Manual mode requires the Three-Position
Enabling Device to be fully released and pressed again to allow the robot to move.
When using High Speed Manual Mode, use safety joint limits or safety planes to restrict
the robot’s moving space.

Mode Operational mode Manual Automatic
switching Freedrive X *
Move robot with arrows on Move Tab X *
Edit & save program & installation X
Execute Programs Reduce*irl *
speed
Start program from selected node X

*Only when no Three-Position Enabling Device is configured.
** If a Three-Position Enabling Device is configured, the robot operates at Manual
Reduced Speed unless High Speed Manual Mode is activated.
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WARNING

* Any suspended safeguards must be returned to full functionality before
selecting Automatic Mode.

* Wherever possible, Manual Mode shall only be used with all persons
located outside the safeguarded space.

* If an external mode selector is used, it must be placed outside the
safeguarded space.

* No-one is to enter, or be within, the safeguarded space in Automatic
Mode, unless safeguarding is used or the collaborative application is
validated for power and force limiting (PFL).

Three- When a Three-Position Enabling Device is used and the robot is in Manual Mode,
Position movement requires pressing the Three-Position Enabling Device to the center-on position.
Enabling The Three-Position Enabling Device has no effect in Automatic Mode.
Device
NOTICE
* Some UR robot sizes might not be equipped with a Three-Position
Enabling Device. If the risk assessment requires the enabling
device, a 3PE Teach Pendant must be used.
A 3PE Teach Pendant (3PE TP) is recommended for programming. If another person can
be within the safeguarded space when in Manual Mode, an additional device can be
integrated and configured for the additional person's use.
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15.3.1. Recovery Mode

Description When a safety limit is exceeded, Recovery Mode is automatically activated, allowing the
robot arm to be moved. Recovery Mode is a type of Manual Mode .
You cannot run robot programs when Recovery Mode is active.

During Recovery Mode, the robot arm is moved to be within joint limits, using either
Freedrive or the Move tab in PolyScope.

Safety limits |20 ST Limit

of Recovery Joint Speed Limit 30°/s
Mode —
Speed Limit 250 mm/s
Force Limit 100N
Momentum Limit 10 kg m/s
Power Limit 80w

The safety system issues a Stop Category 0 if a violation of these limits appears.

WARNING

Failure to use caution when moving the robot arm in recovery mode can
lead to hazardous situations.

* Use caution when moving the robot arm back within the limits, as
limits for the joint positions, the safety planes, and the tool/end
effector orientation are all disabled in recovery.

15.3.2. Backdrive

Description Backdrive is a Manual Mode used to force specific joints to a desired position without
releasing all brakes in the robot arm.
This is sometimes necessary if the robot arm is close to collision and the vibrations that
accompany a full restart are not desired.
The robot joints feel heavy to move, while Backdrive is in use.

You can use any of the following sequences to enable Backdrive:
* 3PE Teach Pendant
* 3PE device/switch

* Freedrive on robot
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3PE Teach To use the 3PE TP button to backdrive the robot arm.

Pendant 1. On the Initialize screen, tap ON to start the power up sequence.

2. When the robot state is Teach Pendant 3PE Stop, light-press, then light-press-
and-hold, the 3PE TP button.
The robot state changes to Backdrive.

3. Now you can apply significant pressure to release the brake in a desired joint to
move the robot arm.
As long as light-press is maintained on the 3PE button, Backdrive is enabled,
allowing the arm to move.

3PE To use a 3PE device/switch to backdrive the robot arm.

device/switch 1. On the Initialize screen, tap ON to start the power up sequence.

2. When the robot state is Teach Pendant 3PE Stop, light-press, then light-press-
and-hold, the 3PE TP button.
The robot state changes to System 3PE Stop.

3. Press and hold the 3PE device/switch.
The robot state changes to Backdrive.

4. Now you can apply significant pressure to release the brake in a desired joint to
move the robot arm.
As long as the hold is maintained on both the 3PE device/switch and the 3PE TP
button, Backdrive is enabled, allowing the arm to move.

Freedrive on To use Freedrive on robot to backdrive the robot arm.

robot 1. On the Initialize screen, tap ON to start the power up sequence.

2. When the robot state is Teach Pendant 3PE Stop, press and hold the Freedrive
on robot.
The robot state changes to Backdrive.

3. Now you can apply significant pressure to release the brake in a desired joint to
move the robot arm.
As long as the hold is maintained on the Freedrive on robot, Backdrive is enabled,
allowing the arm to move.
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Backdrive Inspection

Description If the robot is close to colliding with something, you can use Backdrive to move the robot
arm to a safe position before initializing.
3PE Teach Pendant
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Enable 1. Press ON to enable power. Status changes to Robot Active
Backdrive

o O

Power Booting Robot Brake Robot
oN Complete Active Release operational

| @ START

@ OFF |

1 Warning! Stand clear of the robot when starting it!

! Active Payload i used to temporarily overwrite the Installation Payload.,

¢
Active Payload Installation Payload r
0.00 g

e

2. Press and hold Freedrive. Status changes to Backdrive

BACKDRIVE

1 Active Payload ks used to temporarily overwrite the Installation Payload.

Power ON the robot first
Active Payload Installation Payload

0.00 kg

S e

3. Move robot as in Freedrive mode. Joint brakes are released where needed once
the Freedrive button is activated.

NOTICE
In Backdrive Mode the robot is “heavy” to move around.

MANDATORY ACTION
You must test Backdrive mode on all joints.

Safety Verify the robot safety settings comply with the robot installation risk assessment.
settings

Additional

safety inputs Check which safety inputs and outputs are active and that they can be triggered via
and outputs PolyScope or external devices.

are still

functioning
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16. Commissioning

Descrip The following tests must be conducted before using the robot application for the first time or after
making any modifications.

tion

Verify all safety inputs and outputs are correctly connected.

Test all connected safety input and output, including devices common to multiple machines
or robots, are functioning as intended.

Test emergency stop buttons and inputs to verify the robot stops and the brakes engage.

Test safeguard inputs to verify the robot motion stops. If safeguard reset is configured,
check that it functions as intended.

Look at the initialization screen, activate the reduced input and verify the screen changes.

Change the operational mode to verify the mode icon changes in top right corner of
PolyScope screen.

Test the 3-position enabling device to verify that pressing to the center on position enables
motion in manual mode at a reduced speed.

If the Emergency Stop outputs are used, press the Emergency Stop push-button and verify
that there is a stop of the whole system.

Test the system connected to Safety I/O Signals in the Installation section to verify the
output changes are detected.

Determine the commissioning requirements of your robot application.
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1/. Transportation

Description Only transport the robot in its original packaging. Save the packaging material in a dry
place if you want to move the robot later.
When moving the robot from its packaging to the installation space, hold both tubes of the
robot arm at the same time. Hold the robot in place until all mounting bolts are securely
tightened at the base of the robot.
Lift the Control Box by its handle.

é WARNING
Incorrect lifting techniques, or using improper lifting equipment, can lead to
injury.
* Avoid overloading your back or other body parts when lifting the
equipment.
* Use proper lifting equipment.
* All regional and national lifting guidelines shall be followed.

* Make sure to mount the robot according to the instructions in
Mechanical Interface.

NOTICE
If the robot is attached to 3rd third-party application/ installation during
transport, please refer to the following:

* Transporting the robot without its original packaging will void all
warranties provided by Universal Robots A/S.

* Ifthe robot is transported as part of a prefabricated solution, securely
mounted, and in full compliance with the recommendations outlined
below, it is not considered a breach of warranty.

Disclaimer Universal Robots cannot be held responsible for any damage caused by transportation of
the equipment.
See the recommendations for transportation without packaging at: universal-
robots.com/manuals

17.1. Putin Box Predefined Position
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Description A predefined position has been added to the user interface in PolyScope 5. This replaces
the previous put in box program.
Put in box can be used to move the robot into a compact position that is suitable for
transportation. The put in box sequence consists of an initial movement to the Zero
Position, followed by a movement to the put in box position.

Putin Box This is how you find the predefined position:
1. Tab the Installation icon in the top menu.
2. Select Home in the General dropdown.
3. Tab the "Putin Box" button in the Ul.

The robot will now start the sequence. When the sequence is finished, the robot is ready to put
in the official packaging.

17.2. Transportation Without Packaging

Description Universal Robots always recommends transporting the robot in its original packaging.
These recommendations are written to reduce unwanted vibrations in joints and brake
systems and reduce joint rotation.

If the robot is transported without its original packaging, then please refer to the following
guidelines:

* Fold the robot as much as possible - do not transport the robot in the singularity
position.

* Move the center of gravity in the robot as close to the base as possible.
* Secure each tube to a solid surface on two different points on the tube.

* Secure any attached end effector rigidly in 3 axes.
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Trans
port

Fold the robot as much as
possible.

Do not transport extended.

(singularity position) W
Secure the tubes to a solid surface.

Secure attached end effectorin 3

axes.

1/7.3. Teach Pendant Storage

Description The operator needs to have a clear understanding about what the e-Stop on the Teach
Pendant affects when pressed. For example there can be confusion with a multi-robot
installation. It should be made clear if the e-Stop on the Teach Pendant stops the whole
installation or only its connected robot.

If there could be confusion, store the Teach Pendant such that the e-Stop button is not
visible or usable.

17.4.Long Term Storage
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Description This section describes general guidelines for long-term storage of robots and spare parts.
This applies for all robot generations and spare parts.

A robot is considered long-term stored when it is stored for a period of 6 months or more.

Guidelines In order to keep the robot and spare parts in its best possible condition, it is recommended
to follow normal good practice which is:

* Storage temperature: 10°C - 30°C
* Humidity: RH 20-60%

* Universal Robots recommends to unpack and start up robots at least yearly and let
them run a light load program rotating in all joints at least 90 degrees 5 times in each
direction to distribute the lubricants.

If possible, also mount spare parts joints on an arm and perform the same operation
routine.

* Inrare occurrences there may be a need for wiping down the robots after storage to
remove any excess lubricants that have migrated out of the sealings.

* The battery is designed to last for the lifetime of the robot and will not be charged
when power is applied to the system. The battery service life is 8 to 10 years, but for
e-Series and UR Series it can be replaced.

* Flash memory can lose their data capacity over time, therefore there is a potential
risk that the data on e.g. the SD-card will have to re-flashed.
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18. Maintenance and Repair

Description Any maintenance work, inspection and calibration shall be conducted in compliance with
all safety instructions in this manual, the UR Service Manual, and according to local
requirements.

Repair work shall be done by Universal Robots. Client designated, trained individuals can
do repair work, provided they follow the Service Manual.

Safety for The purpose of maintenance and repair is to ensure the system is kept functioning as
Maintenance expected.
When working on the robot arm or control box, you must observe the procedures and
warnings below.

WARNING

Failure to adhere to any of the safety practices, listed below, can result
in injury.
* Unplug the main power cable from the bottom of the Control Box
to ensure that it is completely unpowered. Power off any other
source of energy connected to the robot arm or Control Box.

Take necessary precautions to prevent other persons from
powering on the system during the repair period.

* Check the earth connection before re-powering the system.

* Observe ESD regulations when parts of the robot arm or Control
Box are disassembled.

* Prevent water and dust from entering the robot arm or Control
Box.
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Safety for

Maintenance A WARNING
Failure to leave space to accommodate the Control Box with the door
fully open can lead to injury.

* Provide at least 915 mm of space to enable the Control Box door
to open fully, providing access for servicing.

Q WARNING: ELECTRICITY
Disassembling the Control Box power supply too quickly after switching

off, can result in injury due to electrical hazards.

* Avoid disassembling the power supply inside the Control Box, as
high voltages (up to 600 V) can be present inside these power
supplies for several hours after the Control Box has been
switched off.

After troubleshooting, maintenance, and repair work, ensure that safety requirements are
fulfilled. Adhere to national or regional work safety regulations. The correct functioning of
all safety function settings shall also be tested and validated.

18.1. Testing Stopping Performance

Description Test periodically to determine if stopping performance is degraded. Increased stopping
times can require safeguarding to be modified, possibly with changes to the installation. If
stop time and/or stop distance safety functions are used and are the basis of the risk
reduction strategy, no monitoring or testing of stopping performance is required. The
robot does continuous monitoring.

18.2. Robot Arm Cleaning and Inspection

Description As part of regular maintenance the robot arm can be cleaned, in accordance with the
recommendations in this manual and local requirements.
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Cleaning
Methods

To address the dust, dirt, or oil on the robot arm and/or Teach Pendant, simply use a cloth
alongside one of the cleaning agents provided below.

Surface Preparation: Before applying the below solutions, surfaces may need to be
prepared by removing any loose dirt or debris.

Cleaning agents:
* Water
* 70% Isopropyl alcohol
* 10% Ethanol alcohol

* 10% Naphtha (Use to remove grease.)

Application: The solution is typically applied to the surface that needs cleaning using a
spray bottle, brush, sponge, or cloth. It can be applied directly or diluted further depending
on the level of contamination and the type of surface being cleaned.

Agitation: For stubborn stains or heavily soiled areas, the solution may be agitated using a
brush, scrubber, or other mechanical means to help loosen the contaminants.

Dwell Time: If necessary, the solution is allowed to dwell on the surface fora up to 5
minutes to penetrate and dissolve the contaminants effectively.

Rinsing: After the dwell time, the surface is typically rinsed thoroughly with water to remove
the dissolved contaminants and any remaining cleaning agent residue. It's essential to
ensure thorough rinsing to prevent any residue from causing damage or posing a safety
hazard.

Drying: Finally, the cleaned surface may be left to air dry or dried using towels.

WARNING
DO NOT USE BLEACH in any diluted cleaning solution.
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A

WARNING

Grease is an irritant and can cause an allergic reaction. Contact, inhalation or
ingestion can cause illness or injury. To prevent iliness or injury, adhere to the
following:

* PREPARATION:
* Ensure that the area is well ventilated.

* Have no food or beverages around the robot and cleaning
agents.

* Ensure that an eye wash station is nearby.
* Gather the required PPE (gloves, eye protection)
* WEAR:

* Protective gloves: Oil resistant gloves (Nitrile) impermeable and
resistant to product.

* Eye protection is recommended to prevent accidental contact of
grease with eyes.

* DO NOT INGEST.

* Inthe event of
* contact with skin, wash with water and a mild cleaning agent
* a skin reaction, get medical attention

* contact with the eyes, use an eyewash station, get medical
attention.

* inhalation of vapors or ingestion of grease, get medical attention
* After grease work
* clean contaminated work surfaces.

* dispose responsibly of any used rags or paper used for
cleaning.

* Contact with children and animals is prohibited.
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Robot Arm The table below is a checklist of the type of inspections recommended by Universal Robots.
Inspection Perform inspections regularly as advised in the table. Any referenced parts found to be in an
Plan unacceptable state must be rectified or replaced.
Inspection action type Timeframe
Monthly Biannually Annually
1 Check flat rings \% X
2 Check robot cable \Y X
3 Check robot cable connection Vv X
4 Check Robot Arm mounting bolts | F X
5 Check Tool mounting bolts * F X
Round Sling F X
Robot Arm
Inspection @ NOTICE
Plan Using compressed air to clean the robot arm can damage the robot arm
components.
* Never use compressed air to clean the robot arm.
Robot Arm 1. Move the Robot Arm to ZERO position, if possible.
Inspection 2. Turn off and disconnect the power cable from Control Box.
Plan 3. Inspect the cable between Control Box and Robot Arm for any damage.
4. Check the base mounting bolts are properly tightened.
5. Check the tool flange bolts are properly tightened.
6. Inspect the flat rings for wear and damage.
* Replace the flat rings if they are worn out or damaged.
NOTICE
@ If any damage is observed on a robot within the warranty period, contact
the distributor where the robot was purchased.
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Inspection 1. Unmount any tool/s or attachment/s or set the TCP/Payload/CoG according to tool
specifications.

2. To move the robot arm in Freedrive:

* On a 3PE Teach Pendant, rapidly light-press, release, light-press again and
keep holding the 3PE button in this position.

Power button 3PE button

3. Pull/Push the robot to a horizontally elongated position and release.

Qo 9

4. Verify the robot arm can maintain the position without support and without activating
Freedrive.

18.3. Cleaning TP and CB

Cleaning the Use a mild, industrial cleaning agent without thinning agents or any aggressive additives.
Teach Do not use an abrasive material to wipe down the screen. Universal Robots does not
Pendant promote a specific cleaning agent.

Touch Screen

Cleaning the Wipe down the Control box with a damp cloth, if necessary.
Control Box Use the cleaning recommendation listed in the user manual.
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Replace he There is a filter on either side of the control box.

Control box 1
Filters

2.

. Gently remove the outer plastic frame by pulling where the red arrows are, as

shown in the images below in figure 3.7. The frame tilts outward.

Replace filters.

Figure 3.7. Replace the Control box filters.

18.4. Log Tab
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Description The Log tab displays information about the robot arm and Control Box.

<unnameds* D ﬁ E
. =+
S Open Save

New.

Readings Joint Load

Controller Temp 24.0 °C o Base oK —aic 0.0V -

Main Voltage 48.0V ) Shoulder oK — i 0.0V g4 ]

Avg.Robot Power 2W 2) Elbow oK = 0.0V

Current 1.0A 3) Wrist 1 oK —rc oov 2 (1

10 Current 0.0A 4) Wrist 2 ]S e 00V

Tool Current 0ma s) Wrist 3 oK —ac 00V 1 I o
Date Log

v [0] (1] 1 18 s |
‘ 2026-05-03 23:27:58.526 PolyScope COAD ~

Select an event from the Date Log to see more
information.

O Normal 7 ° 0 O simulation )

Readings The Readings pane displays Control Box information. The Joint Load pane displays
and Joint information for each robot arm joint.
Load Each joint displays:

* Temperature
* Load
* Status

* Voltage

Date Log The first column displays log entries, categorized by the severity. The second column shows a
paperclip if there is an Error Report associated with the log entry. The next two columns
display the messages’ time of arrival and the source of the message. The last column shows a
short description of the message itself.
Some log messages are designed to provide more information that is displayed on the right
side, after selecting the log entry.
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Message You can filter messages by selecting the toggle buttons that correspond to the severity of the
Severity log entry or by whether an attachment is present. The following table describes message
severity.

Provides general information, such as status of a program, changes of
the controller and controller version.

@]

Issues that may have occurred but the system was able to recover.

A violation occurs if the safety limit is exceeded. This causes the robot
to perform a safety rated stop.

° A fault occurs if there is an unrecoverable error in the system. This
causes the robot to perform a safety rated stop.

] | [=]

When you select a log entry, additional information appears on the right side of the screen.
Selecting the attachments filter either displays entry attachments exclusively or, displays all
entries.

Saving Error A detailed status report is available when a paper clip icon appears on the log line.
Reports

NOTICE
The oldest report is deleted when a new one is generated. Only the five
most recent reports are stored.

1. Select a log line and tap the Save Report button to save the report to a USB drive.

You can save the report while a program is running.

You can track and export the following list of errors:
* Emergency stop
* Fault
* Internal PolyScope exceptions
+ 1Robot Stop
* Unhandled exception in URCap
* Violation

The exported report contains: a user program, a history log, an installation and a list of
running services.

TRobot stop was previously known as "Protective Stop" for Universal Robots robots.
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Technical
Support File

The report file contains information that is helpful to diagnose and reproduce issues. The file
contains records of previous robot failures, as well as current robot configurations,
programs and installations. The report file can be saved to external USB drive. On the Log
screen, tap Support file and follow the on-screen instructions to access the function.

NOTICE

The export process can take up to 10 minutes depending on USB drive
speed and the size of files collected from robot file system. The report is
saved as a regular zip file, that is not password protected, and can be
edited before sending to technical support.
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18.5. Program and Installation Manager

Description

To load
a
progra
m

To load
an
installat
ion

1.
2.
3.

a b~ b=

The Program and Installation Manager refers to three icons that allow you to create, load
and configure Programs and Installations:

* New... Allows you to create a new Program and/or Installation.
* Open... Allows you to load a Program and/or Installation.

* Save... Offers saving options for a Program and/or Installation.

The File Path displays your current loaded Program name and the type of Installation.
File Path changes when you create or load a new Program or Installation.

You can have several installation files for a robot. Programs created load and use the
active installation automatically.

default

ABCDE D ﬁ E

Mew... Open... Se

In the Program and Installation Manager, tap Open... and select Program.
On the Load Program screen, select an existing program and tap Open.

In the File Path, verify that the desired program name is displayed.

In the Program and Installation Manager, tap Open... and select Installation.

On the Load Robot Installation screen, select an existing installation and tap Open.
In the Safety Configuration box, select Apply and restart to prompt robot reboot.
Select Set Installation to set installation for the current Program.

In the File Path, verify that the desired installation name is displayed.
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To create a
new program

To create a
new
installation

N —

In the Program and Installation Manager, tap New... and select Program.
On the Program screen, configure your new program as desired.

In the Program and Installation Manager, tap Save... and select Save All or Save
Program As...

On the Save Program As screen, assign a file name and tap Save.

In the File Path, verify that the new program name is displayed.

Stopped

uuuuuu

Save your installation for use after powering down the robot.

1.

2
3.
4

o

In the Program and Installation Manager, tap New... and select Installation.
Tap Confirm Safety Configuration.
On the Installation screen, configure your new installation as desired.

In the Program and Installation Manager, tap Save... and select Save Installation
As...

On the Save Robot Installation screen, assign a file name and tap Save.
Select Set Installation to set installation for the current Program.

In File Path, verify that the new installation name is displayed.
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Tousethe Save...Depending on the program/installation you load-create, you can:
save .

Save All to save the current Program and Installation immediately, without the system

options prompting to save to a different location or different name. If no changes are made to

the Program or Installation, the Save All... button appears deactivated.

* Save Program As... to change the new Program name and location. The current

Installation is also saved, with the existing name and location.

* Save Installation As... to change the new Installation name and location. The current

Program is saved, with the existing name and location.

e 24+QH A ==

Program Variables.

18.6. Accessing Robot Data

Description Use the About option to access and display different types of data about the robot.

You can display the following types of robot data:
* General
* Version

* Legal

To display 1. Inthe Header, tap the Hamburger menu.
data about 2. Select About.
the robot

3. Tap General to access the robot's software version, network settings and serial

number.

For the other data types you can:

* Tap Version to display more detailed data about the robot's software version.

* Tap Legal to display data about the robot's software license/s.

4. Tap Close to return to your screen.
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18.7. New Software Installation

To configure 1. On PolyScope, in the Header, tap Installation and select Safety.

3PETP o [p—

software — =

-easons the robot will selection below does

Tool Position

2. Tap Hardware and unlock the options on the Select available hardware screen.

A password is required to unlock this screen.

Joint Limits | TeachPendant ‘standard ~

Injection molding machine interface

Planes.

3. Inthe Teach Pendant drop-down list, select 3PE Enabled.
4. Tap Apply to restart the system. PolyScope continues to run.

5. Tap Confirm Safety Configuration to complete the 3PE Teach Pendant software
installation.

6. As the robot restarts and initializes, light-press the 3PE button and tap Start on
PolyScope.
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19. Disposal and Environment

Description

Universal Robots robots must be disposed of in accordance with the applicable national
laws, regulations and standards. this responsibility rests with the owner of the robot.

UR robots are produced in compliance with restricted use of hazardous substances to
protect the environment; as defined by the European RoHS directive 2011/65/EU. If
robots (robot arm, Control Box, Teach Pendant) are returned to Universal Robots
Denmark, then the disposal is arranged by Universal Robots A/S.

The disposal fee for UR robots sold on the Danish market is prepaid to DPA-system by
Universal Robots A/S. Importers in countries covered by the European WEEE Directive
2012/19/EU must make their own registration to the national WEEE register of their
country. The fee is typically less than 1€/robot.

You can find a list of national registers here: hitps://www.ewrn.org/national-registers.
Search for Global Compliance here: hitps://www.universal-robots.com/download.
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Substances in Robot arm
the UR robot * Tubes, Base Flange, Tool mounting bracket: Anodized aluminum
* Joint housings: Powder coated aluminum
* Black band sealing rings: AEM rubber
* additional slip ring under black band: moulded black plastic
* Endcaps/ lids: PC/ASA Plastic

* Minor mechanical components e.g. screws, nuts, spacers (steel, brass, and
plastic)

* Wire bundles with copper wires and minor mechanical components e.g.
screws, nuts, spacers (steel, brass, and plastic)

Robot arm joints (internal)
* Gears: Steel and grease (detailed in the Service Manual)
* Motors: Iron core with copper wires

* Wire bundles with copper wires, PCB's, various electronic components and
minor mechanical components

* Joint seals and O-rings contain a small amount of PFAS which is a
compound within PTFE (commonly known as Teflon™).

* Grease: synthetic + mineral oil with a thickener of either lithium complex
soap or Urea. Contains molybdenum.

* Depending on model and date of production, the color of the grease
could be yellow, magenta, dark pink, red, green.

* The Service Manual details the handling precautions and Grease
Safety Data Sheets

Control box
* Cabinet (enclosure): Powder coated steel
* Standard Control Box

* Aluminum sheet metal housing (internal to the cabinet). This is also the
housing of the OEM controller.

* Standard Control Box and OEM controller.

* Wire bundles with copper wires, PCB's, various electronic components,
plastic connectors, and minor mechanical components e.g. screws, nuts,
spacers (steel, brass, and plastic)

* Alithium battery is mounted to a PCB. See the Service Manual for how to
remove.
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20. Declarations and Certifications

20.1. Declaration of Incorporation (original)

UNIVERSAL ROBOTS

EU Declaration of Incorporation (DOI) (in accordance with 2006/42/EC Annex 11 B)

Manufacturer:

Person in the Community Authorized to Compile the Technical File:

Energivej 51

Universal Robots A/S

DK-5260 Odense S Denmark

David Brandt
Technology Officer, R&D
Universal Robots A/S, Energivej 51, DK-5260 Odense S

Description and Identification of the Partly-Completed Machine(s):

Product and
Function:

Model:

Serial
Number:

Industrial robot multi-purpose multi-axis manipulator with control box & with or without teach pendant
Function is determined by the completed machine (robot application or cell with end-effector,
intended use and application program).

UR3e, UR5e, UR7e, UR10e, UR12e UR16e (e-Series): Below certifications & declaration include:
Effective October 2020: Teach Pendants with 3-Position Enabling (3PE TP) & standard Teach Pendants (TP).
Effective May 2021: UR10e specification improvement to 12.5kg maximum payload. NOTE:

Starting 2020 5000000 and higher This DOl is NOT applicable when

the OEM Controller is used.
year Sequential numbering, restarting at 0 each year See control box markings.
e-Series

3= UR3e, 5 = UR5e, 7 = URT7e, 0 = UR10e (10kg payload), 1= UR12e, 2 = UR10e (12.5kg), 6 = UR16e

Incorporation:

Universal Robots e-Series (UR3e, UR5e, UR7e, UR10e, UR12e and UR16e) shall only be put into
service upon being integrated into a final complete machine (robot application or cell), which
conforms with the provisions of the Machinery Directive and other applicable Directives.

It is declared that the above products fulfil, for what is supplied, the following directives as detailed below:
When this partly completed machine is integrated and becomes a complete machine, the integrator is responsible for the
completed machine fulfiling all applicable Directives, applying the CE mark and providing the Declaration of Conformity (DOC).

I. Machinery Directive 2006/42/EC

IIl. Low-voltage Directive 2014/35/EU
1ll. EMC Directive 2014/30/EU

The following essential requirements have been fulfilled:
1.1.2,1.1.3,1.1.5,1.2.1,1.2.4.3,1.2.5,1.2.6,1.3.2,1.3.4,1.3.8.1, 1.3.9, 1.4.1 with
3PETP,1.5.1,1.5.2,1.5.5,1.5.6,1.5.10,1.6.3,1.7.2,1.7.4,2.2.1.1,4.1.2.1,4.1.2.3,
4.1.3,4.3.3, Annex VI.

It is declared that the relevant technical documentation has been compiled
in accordance with Part B of Annex VII of the Machinery Directive.

Reference the LVD and the harmonized standards used below.
Reference the EMC Directive and the harmonized standards used below.

Reference to the harmonized standards used, as referred to in Article 7(2) of the MD & LV Directives and Article
6 of the EMC Directive:

(1) ENISO 10218-1:2011
Certification by TUV Rheinland

(1) (1) EN 60204-1:2018 as applicable () EN 60664-1:2007

() EN 61000-3-3; 2013

(I) ENISO 13732-1:2008 as applicable
() ENISO 13849-1:2015

Certification by TUV Rheinland to 2015;
2023 edition has no relevant changes
(I) ENISO 13849-2:2012

(I) ENISO 13850:2015

() EN 60529:1991+A1:2000+A2:2013
(I) EN 60947-5-5:1997+A1:2005
+A11:2013+A2:2017

() EN 60947-5-8:2020
(1) EN 61000-3-2:2019

(1) EN 61000-6-1:2019
UR3e & UR5e ONLY

(Im) EN 61000-6-2:2019

() EN 61000-6-3:2007+A1: 2011
UR3e & UR5e ONLY

(1) EN 61000-6-4:2019

Reference to other technical standards and technical specifications used:

(1) 1S0 9409-1:2004 [Type 50-4-Mé6]
(I) 1SO/TS 15066:2016 as applicable
(1) EN 60068-2-1: 2007

(111) EN 60068-2-2:2007

(1) EN 60320-1:2021
(I11) EN 60068-2-27:2008
(I11) EN 60068-2-64:2008+A1:2019

(1) EN 61784-3:2010 [SIL2]

(1) EN 61326-3-1: 2017
[Industrial locations SIL 2]

The manufacturer, or his authorised representative, shall transmit relevant information about the partly completed
machinery in response to a reasoned request by the national authorities.

Approval of full quality assurance system by the notified body Bureau Veritas: ISO 9001 certificate #DK015892
and IS0 45001 certificate #DK015891.

Odense Denmark, 20 December 2024

Universal Robots A/S, Energivej 51, DK-5260 Odense S, Denmark

CVR-nr. 29 13 80 60

/
/

//./ -~
{’“rl/»t,‘/‘/ /'-’//”5/'( >4‘*

Roberta Nelson Shea, Global Technical Compliance Officer

Phone +45 8993 8989
Fax +45 3879 8989

info@universal-robots.com
www.universal-robots.com
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20.2. Certifications URI16e

Description Third party certification is voluntary. However, to provide the best service to robot
integrators, Universal Robots chooses to certify its robots at the recognized test institutes
listed below.

You can find copies of all certificates in the chapter: Certificates.

Certification Certificates by TUV Rheinland to EN ISO
. EN (S0 102181 10218-1 and EN ISO 13849-1. TUV

EN 150 138491 Rheinland stands for safety and quality in

TUV Rheinland | virtually all areas of business and life.

| povmtvecom Founded 150 years ago, the company is

one of the world’s leading testing service

providers.

In Canada, the Canadian Electrical

Code, CSA 22.1, Article 2-024 requires

equipment to be certified by a testing

organization approved by the Standards

Council of Canada.

Universal Robots e-Series robots

conform to CHINA RoHS management

methods for controlling pollution by

electronic information products.

TUV Rheinland

. . o
A TUVRReiniand of North America

CHINA RoHS

Universal Robots e-Series robots have
KCC Safety been assessed and conform to KCC
mark safety standards.

[E ’
The Universal Robots e-Series robots
have been evaluated for conformity
KC Registration assessment for use in a work
9 environment. Therefore, there is a risk of
‘ =
-.-
X
L]

radio interference when used in a
domestic environment.

Universal Robots e-Series robots are

Del
elta performance tested by DELTA.

Supplier Third
Party
Certification

As provided by our suppliers, Universal Robots e-
Series robots shipping pallets comply with the
Environment | ISMPM-15 Danish requirements for producing wood
packaging material and are marked in accordance
with this scheme.
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Manufacturer
Test
Certification

Declarations
according to
EU directives

EU REACH

Universal Robots e-Series robots undergo
. continuous internal testing and end of line test
Universal
procedures.
Robots . . .
UR testing processes undergo continuous review
and improvement.

Although EU directives are relevant for Europe, some countries outside Europe recognize
and/or require EU declarations. European directives are available on the official
homepage: http://eur-lex.europa.eu.

According to the Machinery Directive, Universal Robots’ robots are partly completed
machines, as such a CE mark is not to be affixed.

You can find the Declaration of Incorporation (DOI) according to the Machinery Directive
in the chapter: Declarations and Certificates.

Our product includes components, specifically the blue plastic lids (cups) and grey plastic
parts, that contain substances listed on the EU REACH Candidate List (>0.1% w/w).

For reference, please see the Global Compliance Document available for download on our
website.

This information is provided to comply with EU REACH obligations for articles placed on
the EU market. Please use our product as intended and follow all operational and safety
instructions provided in this manual. For further details, refer to the official REACH
Regulation (Consolidated Text: 32006R1907). If you have questions related to product
safety, please contact us at: ProductCompliance@teradyne-robotics.com.

20.3. Certificates UR16e
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TUV Rheinland

Certificate no.

Certificate

T 72503111 0001

License Holder:

Universal Robots A/S

Energivej 51
5268 Odense S
Denmark

Report Number:

Certification acc. to:

31875333 @27

Manufacturing Plant:
See additional page(s) for the listing of 3 factories

Client Reference: Roberta Nelson Shea

EN ISO 10218-1:2011
EN ISO 13849-1:2015

Product Information

Certified Product:

Model Designation:

Technical Data:

Industrial Robot

UR3, UR5, UR1@, UR15, UR28, UR3@, UR3e, URSe,
UR7e, UR1@e, UR12e, UR16e, URE Long, UR18

Rated Voltage: AC 100-2080V, 50/60Hz or AC 280-240V, 508/68Hz
Rated Current: 15A or B8A

Protection Class: I

Special Remarks: The robot is only a component in a final robot
application, collaborative or non-collaborative. The final
application/installation must comply with EN ISO 1©218-2.
Certificate is only valid within used in conjunction with

the UR Control Box, with or without a UR Teach Pendant. Includes
optional IMMI accessory. The following safety functions have been
evaluated and determined to meet PLd Cat. 3 per EN ISO 13849-
1:2015:

1- Emergency Stop;

3- Joint Position Limit;

5- Pose Limit;
7- Force Limit;
9- Power Limit;

2- Safeguard Stop

4- Joint Speed Limit

6- Cartesian Speed Limit
8- Momentum Limit

18- Stopping Time Limit

Remarks:

Appendix:

11- Stopping Distance Limit;

13- Robot Moving Digital Output;
14- Robot Not Stopping Digital Output

15- Reduced Mode Digital Output;

16- Not Reduced Mode Digital Output

17- 3 Position Enabling Device INPUT

Refer to product manual for additional information.
Must be installed and programmed in accordance with the
manufacturer’s instructions.

Replaces Certificate T72501672.

12- System Emergency Stop Output

1, 1-68

TUV Rheinland of North America, Inc.
400 Beaver Brook Rd, Boxborough, MA 01719
Tel +1(978) 266 9500, Fax +1 (978) 266-3992

www.tuv.com

/A TOVRheinland®

Page 1

@ TUV, TUEV and TUV are registered trademaiks . Utiisatio n and apphc ation requres prior approral.
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TUV Rheinland
North America

Page 1

Certificate

Certificate no.
CA 72405127 0001
License Holder: Manufacturing Plant:
Universal Robots A/S Universal Robots A/S
Energivej 25 Energivej 25
5266 Odense S 526@ Odense S
Denmark Denmark
Report Number: 31875333 006 Client Reference: Roberta Nelson Shea
Certification acc. to: CAN/CSA-7434-14 + GI1 (R2019)

Product Information
Certified Product: Industrial Robot
Model Designation: UR3e, URSe, UR1Pe, UR16e, UR28, UR3@

=1

TUV Rheinland of North America, Inc.
400 Beaver Brook Rd, Boxborough, MA 01719
Tel +1 (978) 266 9500, Fax +1 (978) 266-9992

WwWw.tuv.com A TUVRheinland®
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China
RoHS

Management Methods for Controlling Pollution

by Electronic Information Products
Product Declaration Table For Toxic or Hazardous Substances
R HEEEPRTATEBNME S ETIRET

Product/Part
Name

Toxic and Hazardous Substances and Elements

EEREYRATE

o ZIRKEB

0 & ﬁ_ Hexavalent §;EH;_€$ Polybrominated
Mercury | Cadmium ) Polybrominated )
Lead (Pb) (He) (cd) Chromium biphenyls (PBB) diphenyl ethers
= (Cr+6) AT (PBDE)
UR Robots
BN HARS
UR3 / URS / URL0 /

UR3e / URSe /URTe X 9) X @) X X

UR10e/UR12e/
UR16e /UR15e/
UR20/ UR30

O: Indicates that this toxic or hazardous substance contained in all of the homogeneous materials for this part is below the limit
requirement in SJ/T11363-2006.
0: RARZAFAEYRERBHMAERM R PIEEHES)/T 11363-2006 M REERMUT -
X: Indicates that this toxic or hazardous substance contained in at least one of the homogeneous materials used for this part is above
the limit requirement in SJ/T11363-2006.
X: RRZBFEEYREDEZEHHE—RM N PH =B HES)/T 11363-2006 L EHIREEXK -
(RWBIFELEA - RIBEFRER N ERPH X B AR EFHITH —H5E - )
Items below are wear-out items and therefore can have useful lives less than environmental use period:
THHMEZRFEREMENNBERFRED YR TERRS ML E R EANE:
Drives, Gaskets, Probes, Filters, Pins, Cables, Stiffener, Interfaces
B WER, BE, EE, TR, B, 4048, NARAS, #O
Refer to product manual for detailed conditions of use.
FAERERIER G

Universal Robots encourages that all Electronic Information Products be recycled but does not assume responsibility or liability.

Universal Robots 5% il [ 4 B & 7 Rl FA P B 10 EE F15 27" M, {8 Universal Robots SAFEMIFTEI NS

To the maximum extent permitted by law, Customer shall be solely responsible for complying with, and shall otherwise assume all liabilities that
may be imposed in connection with, any legal requirements adopted by any governmental authority related to the Management Methods for
Controlling Pollution by Electronic Information Products (Ministry of Information Industry Order #39) of the Peoples Republic of China otherwise
encouraging the recycle and use of electronic information products. Customer shall defend, indemnify and hold Universal Robots harmless from
any damage, claim or liability relating thereto. At the time Customer desires to dispose of the Products, Customer shall refer to and comply with
the specific waste management instructions and options set forth  at www.universal-robots.com/about-universal-robots/social-responsibility and
www.teradyne.com/c ibility, as the same may be amended by Teradyne or Universal Robots.

/corporate-social
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20. Declarations and Certifications

KC Safety

S

A= E01 MO SHAM

o X} =] =
MRS Universal Robots A/s "= & =282 59168110079
““6'—" ----- e -E ............................................... ;y------...-.,....-D- .............................................
Amgl MEHASSHE 016E110079 ;LHEK} 43 Klaus Vestergaard
A | Energivej25, 5260 Odense S Denmark
AFE B A 1A - 717 8 R
ol A =
A (74) UR16e sd(ESa) 6 axis
A SRlE 19-AB2EQ-01080
M=t Universal Robots A/S
e
XA Energivej25, 5260 Odense S Denmark
Fatdet sty | HMI3s=H 18 & 242 9 A8 73 Me1=H3g ol w2}

AgetdEel AnFUAME wFEch

20194 108 182

R
EREE
SR

S AR O A Z CF O AR

UR16e
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KC
Registration

7B76-CFA2-5057-8 AOF

PEEANAATE AR5 25
Registration of Broadcasting and Communication Equipments

A5 x4
Trade Name or Registant
71 A B AR AEE )

Equipment Name

Universal Robots A/S

UR e-Series robot

72y
Basic Model Number

UR16e

o4 9]

Series Model Number

FEs

Registration No.

R-R-URK-UR16e

) 4
7*]]&1]-/11]&(&%)3‘7}‘ Universal Robots A/S / Wl v}=2
Manufacturer/Country of Origin
FEeigal
Date of Registration

71e}
Others
A7NAAE TR Alsgz]2 Aol whet 5550 5& T
It is verified that foregoing equipment has been registered under the Clause 3, Article 58-2 of Radio
Waves Act.

2019-09-26

Month) 26% (Day)

S SR A % o) A2 4 ghavh
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20. Declarations and Certifications

Environment

. . . ] A PART OF
Climatic and mechanical assessment

Client Force Technology project no.
Universal Robots A/S 117-32120

Energivej 25

5260 Odense S

Denmark

Product identification

UR 3 robot arms

UR 3 control boxes with attached Teach Pendants.
UR 5 robot arms

URS control boxes with attached Teach Pendants.
URI10 robot arms:

URI10 control boxes with attached Teach Pendants.
See reports for details.

Force Technology report(s)
DELTA project no. 117-28266, DANAK-19/18069
DELTA project no. 117-28086, DANAK-19/17068

Other document(s)

Conclusion

The three robot arms UR3, URS and UR10 including their control boxes and Teach Pendants have been tested
according to the below listed standards. The test results are given in the Force Technology reports listed above. The
tests were carried out as specified and the test criteria for environmental tests were fulfilled in general terms with
only a few minor issues (see test reports for details).

IEC 60068-2-1, Test Ae; -5 °C, 16 h

1EC 60068-2-2, Test Be; +35°C, 16h

IEC 60068-2-2, Test Be; +50°C, 16 h

IEC 60068-2-64, Test Fh; 5 — 10 Hz: +12 dB/octave, 10-50 Hz 0.00042 g%/Hz, 50 — 100 Hz: -12 dB/octave, 1,66
grms, 3x 1%2h

IEC 60068-2-27, Test Ea, Shock; 11 g, 11 ms, 3 x 18 shocks

Date Assessor

Hersholm, 25 August 2017 W %

Andreas Wendelboe Hgjsgaard
M.Sc.Eng.

DELTA - a part of FORCE Technology - Venlighedsvej 4 - 2970 Harsholm - Denmark - Tel. +45 72 1940 00 - Fax +45 72 19 40 01 - www.detta.dk

UR16e
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21. Saftety Functions Table

Description

SF1

1,2,3,4
Emergency
Stop (ISO
13850)

SF2

3,5
Safeguard
Stop

(Protective Stop
according to ISO
10218-1%)

*Prior to 2006, this
was called “safety
stop” or “safeguard

stop”

Safeguard
Stop Reset

Universal Robots safety functions and safety 1/0 are PLd Category 3 (ISO 13849-1), where each safety function has a
PFH value less than 1.8E-07.

The PFH values are updated to include greater design flexibility for supply chain resilience.

For safety I/0 the resulting safety function including the external device, or equipment, is determined by the overall
architecture and the sum of all PFHs, including the UR robot safety function PFH.

If any safety function limit is exceeded or a fault is detected in a safety function or safety-related part of the control
system, UR defines the safe state as a stop with removal of drive power (either a stop category 1 or 04 immediate

removal of power).

NOTICE
The Safety Functions tables presented in this chapter are simplified. You can find the

comprehensive versions of them here: https://www.universal-robots.com/support

What

Description Tolerance Affects
happens?

Pressing the Estop PB on the pendant! or the External Estop (if using

the Estop Safety Input) results in a Stop Cat 14 with power removed

Robot,
from the robot actuators and the tool I/O. Controller I/O go “low”. Stop robot tool
Command all joints to stop and upon all joints coming to a monitored | Category 1 /O and

-- ,an
standstill state, power is removed. (IEC 60204-
. . i controller
See Stop Time & Stop Distance Safety Functions®. 1) /o

ONLY USE FOR EMERGENCY PURPOSES, not to be used for

safeguarding because it requires a manual action.

What
Description Tolerance Affects
happens?
Stop
This safety function is initiated by an external protective device using
f hich will Stop Cat 24. Th Category 2
safety inputs which will initiate a Stop Cat 2%. The purpose is to protect
yinp P purp P (IEC 60204-
people from injury, as compared to protecting the robot, equipment, or 1)
roducts.
produ SS2 stop - Robot
The tool I/0 are unaffected by the safeguard stop. (as
If an enabling device is connected, it is possible to configure the . .
described in
safeguard stop to function in automatic mode ONLY.
. ) . IEC 61800-
See the Stop Time and Stop Distance Safety Functions.>. 52)

What

Description Tolerance Affects
happens?

When configured for Safeguard Reset and the external reset connections
. ) . o Reset Input
transition from low to high, safeguard stop resets. Safety input to initiate a -- Robot

to SF2
reset of SF2.

User Manual

234 UR16e

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.


https://www.universal-robots.com/support

R
UNIVERSAL ROBOTS 21. Safety Functions Table

Copyright © 2009-2025 by Universal Robots A/S. All rights reserved.

SF3 Description What happens? Tolerance Affects
Joint Position . .

.. Will not allow motion
Limit to exceed any limit

X y limi

(software- - . o i
b d . Sets upper and lower limits for the allowed joint positions. settings.

ased axis
limiti Stopping time and distance is not a considered as the limit(s) will | Speed could be

mitin . .

g) not be violated. Each joint can have its own limits. reduced so motion = Joint
Directly limits the set of allowed joint positions that the joints can | will not exceed any (each)
move within. It is safety-rated soft axis limiting & space limiting, limit.
according to ISO 10218-1:2011, 5.12.3. A robot stop will be

initiated to prevent
exceeding any limit.
SF4 Description What happens? Tolerance Affects
Joint , :
Will not allow motion
Speed .
e o . . . to exceed any limit
Limit Sets an upper limit for the joint speed. Each joint can have its own
settings.
limit. This safety function has the most influence on energy transfer g
Speed could be .
upon contact (clamping or transient). . . Joint
. o o ) o reduced so motion will | 1.15°/s
Directly limits the set of allowed joint speeds which the joints are (each)

. . . ) not exceed any limit.
allowed to perform. It is used to limit fast joint movements, e.g. risks )
A robot stop will be
related to singularities. L
initiated to prevent

exceeding any limit.

Joint Torque Exceeding the internal joint torque limit (each joint) results in a Cat 0 Stop*. This safety function is not accessible to the user;
q

Limit itis a factory setting. Itis NOT shown as here because there are no user settings.
SF5 Description What happens? Tolerance Affects
Called various

Monitors the TCP Pose (position and orientation)

names: ) .
.. and will prevent exceeding a safety plane or TCP
Pose Limit o
Tool Limit Pose Limit.
90 L Multiple pose limits are possible (tool flange, elbow,
Orientation . -
L. and up to 2 configurable tool offset points with a . .
Limit, Safety radius) Will not allow motion to exceed Tcp
any limit settings. Speed or

Planes, Orientation restricted by the deviation from the y 9s.=p Tool
Safety o torques could be reduced so 3°40 mm

. feature Z direction of the tool flange OR the TCP. . ) o flange
Boundaries . o motion will not exceed any limit

Two parts. (1) is the safety planes for limiting the Elbow

. - . X . set for SF 5, SF 6, SF 7 or SF 8.
possible TCP positions. (2) is the TCP orientation

limit, which is entered as an allowed direction and a
tolerance. This provides TCP and wrist inclusion/

exclusion zones due to the safety planes.
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SF6
Speed
Limit TCP
& Elbow

SF7
Force
Limit
(TCP)

wrist
clamping
torque

SF8
Momentum
Limit

SF9
Power
Limit

Description What happens?

A robot stop will

be initiated to

Monitors the TCP and elbow speed to prevent exceeding a speed limit. | prevent exceeding

Equivalent to monitoring the whole arm as the sections between the
TCP and elbow cannot move faster than the endpoints of these

sections.

any limit.

Will not allow
motion to exceed

any limit settings.

Tolerance

50 mm/s

Affects

TCP

Description

The Force Limit is the force exerted by the robot at the TCP (tool center point)
and “elbow”. The safety function continuously calculates the torques allowed
for each joint to stay within the defined force limit for both the TCP & the
elbow.

The joints control their torque output to stay within the allowed torque range.
This means that the forces at the TCP or elbow will stay within the defined
force limit.

When a stop is initiated by the Force Limit SF, the robot will stop. The UR
standard controller will cause motion to “back-off” to the position before the
force limit was exceeded. This “back-off” is not part of the safety function as it
is done by the standard controller. The safety controller has a fixed time (part

of the response time) allowed before a robot stop is initiated.

What

happens?

A robot stop
will be
initiated to
prevent
exceeding

any limit.

Will not allow
motion to
exceed any

limit settings.

Tolerance

25N

Affects

TCP

Force Limits may be exceeded by the three wrist joints if the "wrist clamping torque" safety function is disabled.

Description What happens?

Tolerance

A robot stop will be initiated to prevent

The momentum limit is very useful for

exceeding any limit.

limiting transient impacts.
The Momentum Limit affects the entire

Will not allow motion to exceed any

robot.

limit settings.

3kgm/s

Robot

Description

This function monitors the mechanical work (sum of joint torques times

joint angular speeds) performed by the robot, which also affects the

What happens?

Dynamic limiting

Tolerance

Affects

) . of the 10w Robot
current to the robot arm as well as the robot speed. This safety function
current/torque
dynamically limits the current/torque but maintains the speed.
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SF10 Description What Happens Tolerance Affects
UR Robot . :
St When configured for a robot stop output and there is a robot stop,
(0}
o tp t the dual outputs are LOW. If there is no robot stop initiated, dual
utputs
P outputs are high. Pulses are not used but they are tolerated. For an
integrated safety function, see footnote.®
These dual outputs change state for any external Estop that is
connected to configurable safety inputs where this input is Dual output
ual outputs go
configured as an Emergency Stop input. ow i tof External
ow in event of a
For the Stop Output, validation is performed at the external ’ NA connection to
stop i
equipment, as the UR output is an input to this external stop safety F; b logic and/or
configurable
function for external equipment. 9 equipment
outputs are set
NOTICE
This stop output is not connected to the IMMI
(Injection Moulding Machine Interface), to
prevent having an unrecoverable stop.
SF11 Description What Happens Tolerance
"Moving” Dual outout
ual outputs are
Safety Whenever the robot is moving (motion underway), the dual digital ow d P External
ow during motion
Function outputs are LOW. Outputs are HIGH when no movement. 4 high g " NA connection to
and high when no
with Digital Functional safety is for what is within the UR robot. For an ° logic and/or
movement.
Outputs integrated safety function, see footnote®. equipment
?;1 2 Description What happens? Tolerance
ot
stopping" Whenever the robot is STOPPING (in process of stopping or in Dual outputs are Ext |
xterna
Safety a stand-still condition) the dual digital outputs are HIGH. When high when robot is fon t
connection to
Function outputs are LOW, robot is NOT in the process or stopping and either in the process | N/A o ¥
ogic and/or
with Digital NOT in a stand-still condition. For an integrated safety function, | of stopping or ata )
equipment
Outputs see footnote®. stand-still state
SF13 Description What happens? Tolerance Affects
"Reduced
Active” . . - .
Saf When reduced settings are active (or initiated) for safety functions, | Dual outputs are External
Fa ett).l the dual digital outputs are LOW. The functional safety is for what low when N/A connection to
nction
l_J th_o ital is within the UR robot. For the integrated safety function, see reduced settings logic and/or
V(;Itt :glta footnote®. are active equipment
utputs
SF14 Description What happens? Tolerance Affects?
“Reduced :
. Whenever the robot reduced settings for safety
Not Active _ , . .
functions are NOT active (or not initiated), the digital
Safety External
F ti outputs are LOW. Dual outputs are low font
nction connection to
l_J th_o ital The functional safety rating is for what is within the when reduced settings N/A ogic and/
Wi igi ogic and/or
o t gita UR robot. are NOT active. . ‘
equipment.
utputs For the integrated safety function, see below qauie
footnote.®
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“Reduced Description Affects

Active” Input

Reduced is not a mode. Itis a change of settings initiated:
SF parameter
settings * internally by a safety plane/ boundary (starts when at 2cm of the plane and reduced settings are
change achieved within 2cm of the plane) or
* externally by use of an external input, which will achieve reduced settings within 500ms of the
triggering input.
. R " - Robot
When the external connections are Low, Reduced Mode is initiated. “Reduced Active” means that all
reduced limits are ACTIVE.
Reduced is not a safety function. Reduced is a means of parameterization of safety functions.
Reduced is a state change affecting the settings of the following safety functions: joint position, joint
speed, TCP pose, TCP speed, TCP force, momentum, power, stopping time, & stopping distance.
Verify and validate all parameter settings for the robot application.
SF15 Description What happens? Tolerances
Stoppin
. PP _g, . o " o Will not allow the
Time Limit Real time monitoring of conditions such that the stopping time .
o o actual stopping to
limit will not be exceeded. Robot speed is limited to ensure that 50 ms Robot
exceed the limit
the stop time limit is not exceeded. 7 .
setting.
SF16 Description What happens? Tolerances Affects
Stoppin
. ppIng Causes decrease in
Distance Real time monitoring of conditions such that the stopping

L. speed or a robot stop so
Limit distance limit will not be exceeded. Robot speed is limited to 40 mm Robot
as NOT to exceed the

ensure that the stop distance limit will not be exceeded. 7

limit.
SF17 Description What happens? Tolerances Affects
Safe Home ) ) )
o Safety function which monitors a safety-rated output,

fr:(s)::::red such that it ensures that the output can only be The “safe home output” is External

position“ activated when the robot is in the configured and only activated when the 170 connection to
monitored “safe home position”. robot is in the configured logic and/or
A stop cat 0 is initiated if the output is activated when “safe home position” equipment
the robot is not in the configured position.

Mode - What

switch Description happens? Affects

INPUT

When the external connections are Low, Automatic Mode (running) is active. When High,
mode is programming/ teach.

Recommendation: Use with an enabling device, i.e. UR Teach Pendant with an integrated 3-
position enabling device. Input to SF2 Robot
When in teach/program, initially the TCP speed is limited to 250mm/s. Speed can manually
be increased using the TP “speed-slider”, but upon activation of the enabling device, the

speed limitation will reset to 250mm/s.
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SF18
(3-position
enabling)
Safety
Function 8
Inputs

SF19

3PE (3-
position
enabling)
Safety
Function8
with Digital
Outputs

Description What happens? Tolerance Affects
A 3-position enabling device @ has 3 switch positions:
off, on, off (in order of actuation when squeezing).
When released completely, the device is off. When

In manual mode, when
pressed/squeezed to the centre position, it is on. .

the SF18 Input is LOW,
Completely pressing (squeezing) results in an off state. o Robot and

) o o SF2 s triggered
When the 3P enabling device is “ON”, motion is external
internally N/A
enabled. connection to
. ) Stop Category 2 (IEC
When in Manual Mode and when an external Enabling SF19 & SF20
. o . 60204-1) SS2 (IEC
Device connection is OFF, internally the safety system
. o 61800-5-2)
initiates SF2, which is a Stop Category 2.
Recommendation: Use with a mode switch as a safety
input.10
Description What happens? Tolerance Affects
In Automatic Mode (“running”), SF19’s outputs are
HIGH.
In Manual Mode and when any Enabling Device'! is in the
OFF state (not in the centre-ON position, meaning the
enabling device is released or fully pressed), a SF2 is
triggered causing a Stop Category 2 (SS2) and SF19’s
3 In manual mode, when
outputs are Low.
In Manual mode, when Freedrive and the 3PE are used: the 3PE is in the Off
state, the outputs are External
* If Freedrive is activated and . .
LOW and SF2is NA connection to

* ALL 3PE are in the OFF state, SF19’s triggered internally logic and/or
outputs are HIGH. Stop Category 2 (IEC equipment

* Any 3PE is in the ON state, SF19’s 60204-1) SS2 (IEC
outputs are LOW. 61800-5-2)

* If Freedrive is not activated, and

* ALL 3PE are in the ON state, SF19’s
outputs are HIGH.

* Any 3PE s in the OFF state, SF19's
outputs are LOW.
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SF20 Description What happens? Tolerance Affects
3PE (3- , —
it In Automatic Mode (“running”), SF20’s outputs are LOW.
pOSIbIIFm In Manual Mode and when any Enabling Device!lis in the
ena mg) OFF state (not in the centre-ON position, meaning the
’NOT state”
enabling device is released or fully pressed), SF20’s outputs
Safety i
F tion8 are High.
l_‘mc Ion In Manual mode, when Freedrive and the 3PE are used:
with Digital
Outputs * If Freedrive is activated and:
* ALL 3PE are in the OFF state, SF20’s In manual mode External
outputs are LOW. when the 3PE is in the NA connection to
. m 3PE is in the ON state, then SF20’s Off state, the outputs logic and/or
outputs are HIGH. are HIGH. equipment
* If Freedrive is not activated, and:
. & 3PE are in the ON state, SF20’s
outputs are LOW.
* Any 3PE s in the OFF state, SF20’s
outputs are HIGH.
Note: SF20 is an inverted version of the SF19 where the
output state is logically reversed compared to SF19.
SF21 Description What happens? Tolerance Affects
Wrist . L !
| . Monitors torque of the Torques from wrist joints are monitored and controlled to
clampin
P _g B wrist joints to avoid high prevent exceeding the limit. A robot stop will be initiated to
torque limit ) _ o N/A Robot
clamping torques prevent exceeding the limit.
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Table 1
footnotes

TCommunications between the Teach Pendant, controller & within the robot are SIL 2 for safety data (per IEC 61784-3).
2Estop validation: The pendant Estop pushbutton is evaluated within the pendant, then communicated to the safety
controller by SIL2 communications. To validate the pendant Estop functionality, press the Pendant Estop pushbutton and
verify that an Estop results. This validates that the Estop is connected within the pendant, the estop functions as intended,
and the pendant is connected to the controller.

3If a robot safety function is “integrated” or “connected” with external equipment, devices or logic, the resulting integrated
safety function has a PFH that is the sum of all PFH values, including the PFH value of the robot safety function.

4Stop Categories according to IEC 60204-1 (NFPA79). For the Estop, only stop category 0 and 1 are allowed.

* Stop Category 0 & 1 result in the removal of drive power, with stop cat 0 being IMMEDIATE & stop cat 1 being a
controlled stop (e.g. decelerate to a stop then removal of drive power).

* Stop Category 2 is a stop where drive power is NOT removed. Stop category 2 is defined in IEC 60204-1.
Descriptions of STO, SS1 & SS2 are in IEC 61800-5-2. With UR, a stop category 2 maintains the trajectory &
retains power to the drives after stopping.

5 Stop Time & Stop Distance Safety Functions should be used. When used, there is no need for periodic verification of
stopping performance.

6 If a robot safety function is “integrated” or “connected” with external equipment, devices or logic, the resulting integrated
safety function has a PFH that is the sum of all PFH values, including the PFH value of the robot safety function.

7 The stopping capability of the robot in the given motion(s) is continuously monitored to prevent motions that would
exceed the stopping limit. If the time needed to stop the robot is at risk of exceeding the time limit, the speed of motion is
reduced to ensure the limit is not exceeded. A stop will be initiated to prevent exceeding the limit.

8 For the integrated functional safety rating with an external safety-related control system, add the PFH of this safety-
related output to the PFH of the external safety-related control system. The safety function and its triggering of a stop are
included in the PFH value for this SF.

9 The enabling device can be on the teach pendant or external connected to the Enabling Function input (SF18).

10 Use of an external mode switch is recommended when using a 3-position enabling device. If an external mode switch is
not used and connected to the safety inputs, then the robot mode will be determined by the User Interface. If the User

Interface is in
* “run mode”, the enabling function will not be active.

¢ “programming mode”, the enabling function will be active. Password protection for changing the mode can be
configured.

111f any 3PE enabling device is released or fully pressed, the 3-position enabling safety function is OFF (not in the Center
ON position).
12150 10218:2025 removed the term “collaborative operation”.

13 Tools attached to the robot's tool flange may still come into contact with the robot's lower arm link
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21.1. Table 1a

Description Affects

Reduced SF
parameter
settings
change

Safeguard
Reset

3-Position
Enabling
Device
INPUT

Mode
switch
INPUT

Freedrive
INPUT

The reduced configuration can be initiated by a safety plane/ boundary (starts at 2cm of the plane and
reduced settings are achieved within 2cm of the plane) or by use of an input to initiate (will achieve
reduced settings within 500ms). When the external connections are Low, Reduced is initiated. Reduced
configuration means that ALL reduced limits are ACTIVE.

Reduced is not a safety function, rather it is a state change affecting the settings of the following safety
function limits: joint position, joint speed, TCP pose limit, TCP speed, TCP force, momentum, power,
stopping time, and stopping distance. A reduced configuration is a means of parametrization of safety
functions in accordance with ISO 13849-1. All parameter values need to be verified and validated as to

whether they are appropriate for the robot application.

Robot

Description

When configured for Safeguard Reset and the external connections transition from low to high, the

safeguard stop RESETS. Safety input to initiate a reset of safeguard stop safety function.

Robot

Description Affects

When the external Enabling Device connections are Low, a Safeguard Stop (SF2) is initiated.
Recommendation: Use with a mode switch as a safety input. If a mode switch is not used and connected to

the safety inputs, then the robot mode will be determined by the User Interface. If the User Interface is in:
* “running mode”, the enabling device will not be active.

* “programming mode”, the enabling device will be active. It is possible to use password protection
for changing the mode by the User Interface.

Robot

Description Affects

When the external connections are Low, Operation Mode (running/ automatic operation in automatic mode)
is in effect. When High, mode is programming/ teach. Recommendation: Use with an enabling device, for
example a UR e-Series Teach Pendant with an integrated 3-position enabling device.

When in teach/program, initially both TCP speed and elbow speed will be limited to 250mm/s. The speed can
manually be increased by using the pendant user interface “speed-slider”, but upon activation of the enabling

device, the speed limitation will reset to 250mm/s.

Robot

Description

Recommendation: Use with 3PE TP and/or 3 Position Enabling Device INPUT. When Freedrive INPUT is
High, the robot will only enter Freedrive if the following conditions are satisfied:

* 3PE TP button is not pressed

* 3 Position Enabling Device INPUT either not configured or not pressed (INPUT Low)

Robot

21.2. Table 2
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Description UR e-Series robots comply with ISO 10218-1:2011 and the applicable portions of ISO/TS 15066. It is important to note
that most of ISO/TS 15066 is directed towards the integrator and not the robot manufacturer. ISO 10218-1:2011, clause
5.10 collaborative operation details 4 collaborative operation techniques as explained below. It is very important to
understand that collaborative operation is of the APPLICATION when in AUTOMATIC mode.

Collaborative Technique Explanation UR e-Series
oPeration Stop condition where position is held at a standstill and is UR robots’ safeguard stop is a
2011edition, itored fety function. Cat 2stopi itted fet: ted itored stop, S
monitored as a safety function. Category 2 stop is permitte: safety-rated monitored stop, See
clause 5.10.2 Safety-rated
tored to auto reset. In the case of resetting and restarting SF2 on page 1. Itis likely, in the
monitore:
) operation after a safety -rated monitored stop, see ISO future, that “safety-rated monitored
stop
10218-2 and ISO/TS 15066 as resumption shall not cause stop” will not be called a form of
hazardous conditions. collaborative operation.
Collaborative Technique Explanation UR e-Series
oPeration This is essentially individual and direct
2011 edition, | control while the robot s
personal control while the robot is in
clause 5.10.3 _ o _
automatic mode. Hand guiding equipment
shall be located close to the end-effector . o
UR robots do not provide hand-guiding for
and shall have: . . .
collaborative operation. Hand-guided teach (free
Hand-guiding * an Emergency Stop pushbutton | drive) is provided with UR robots but this is for

« a 3-position enabling device programming in manual mode and not for

X collaborative operation in automatic mode.
* asafety-rated monitored stop

function

* asettable safety-rated
monitored speed function
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Collaborative
Operation

2011 edition,
clause 5.10.4

Collaborative
Operation 2011
edition, clause
5.10.5

Technique Explanation UR e-Series
SSM is the robot maintaining a
separation distance from any
operator (human). This is done by
monitoring of the distance between
the robot system and intrusions to
ensure that the MINIMUM
PROTECTIVE DISTANCE is
assured. Usually, this is
accomplished using Sensitive
Protective Equipment (SPE), where
typically a safety laser scanner
detects intrusion(s) towards the To facilitate SSM, UR robots have the capability of
robot system. switching between two sets of parameters for safety
This SPE causes: functions with configurable limits (normal and reduced).
Speed and 1. dynamic changing of the Normal operation can be when no intrusion is detected. It
separation parameters for the limiting can also be caused by safety planes/ safety boundaries.
monitoring safety functions; or Multiple safety zones can be readily used with UR robots.
(SSM) safety 2. asafety-rated monitored For example, one safety zone can be used for “reduced
functions stop condition. settings” and another zone boundary is used as a
Upon detection of the intrusion safeguard stop input to the UR robot. Reduced limits can
exiting the protective device's also include a reduced setting for the stop time and stop
detection zone, the robot is distance limits - to reduce the work area and floorspace.
permitted to:
1. resume the “higher” normal
safety function limits in the
case of 1) above
2. resume operation in the
case of 2) above
In the case of 2) 2), restarting
operation after a safety -rated
monitored stop, see ISO 10218-2
and ISO/TS 15066 for requirements.
Technique Explanation UR e-Series
How to accomplish PFL is left to the robot UR robots are power and force limiting
manufacturer. The robot design and/or safety robots specifically designed to enable
functions will limit the energy transfer from the collaborative applications where the robot
Power and

force limiting
(PFL) by
inherent
design or

control

robot to a person. If any parameter limit is
exceeded, a robot stop happens. PFL applications
require considering the ROBOT APPLICATION
(including the end-effector and workpiece(s), so
that any contact will not cause injury. The study
performed evaluated pressures to the ONSET of
pain, not injury. See Annex A. See ISO/TR 20218-1

End-effectors.

could contact a person and cause no injury.
UR robots have safety functions that can be
used to limit motion, speed, momentum,
force, power and more of the robot. These
safety functions are used in the robot
application to thereby lessen pressures and
forces caused by the end-effector and

workpiece(s).
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