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The information contained herein is the property of Universal Robots A/S and shall not be reproduced in
whole or in part without prior written approval of Universal Robots A/S. The information herein is subject to
change without notice and should not be construed as a commitment by Universal Robots A/S. This
document is periodically reviewed and revised.

Universal Robots A/S assumes no responsibility for any errors or omissions in this document.

Copyright © 2009–2024 by Universal Robots A/S.

The Universal Robots logo is a registered trademark of Universal Robots A/S.
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Part I

Hardware Installation Manual
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2. Safety
Description This chapter contains important safety information, which must be read and

understood by the integrator of Universal Robots e-Series robots before the robot is
powered on for the first time.
In this chapter, the first subsections are general. The later subsections contain specific
engineering data relevant to enable setting up and programming the robot. Chapter 
describes and defines safety-related functions particularly relevant for collaborative
applications.
Instructions and guidance provided in chapter  as well as in section  are particularly
important.
It is essential to observe and follow all assembly instructions and guidance provided in
other chapters and parts of this manual.
Special attention shall be paid to text associated with warning symbols.

NOTICE

Universal Robots disclaims any and all liability if the robot (arm
control box and/or 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 or malfunctioning of the robot.
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2.1. Validity and Responsibility

Description The information in this manual does not cover designing, installing and operating a
complete robot application, nor does it cover all peripheral equipment that can
influence the safety of the complete system. The complete system must be designed
and installed in accordance with the safety requirements set forth in the standards and
regulations of the country where the robot is installed.
The integrators of Universal Robots e-Series robots are responsible for ensuring that
the applicable safety laws and regulations in the country concerned are observed and
that any significant hazards in the complete robot application are eliminated. This
includes, but is not limited to:

• Performing a risk assessment for the complete robot system

• Interfacing other machines and additional safety devices if defined by the risk
assessment

• Setting up the appropriate safety settings in the software

• Ensuring that the user will not modify any safety measures

• Validating that the total robot system is designed and installed correctly

• Specifying instructions for use

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

• Collecting all documentation in a technical file; including the risk assessment
and this manual

2.2. Limitation of Liability

Description Any safety information provided in this manual must not be construed as a warranty,
by UR, that the industrial manipulator will not cause injury or damage, even if industrial
manipulator complies with all safety instructions.
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2.3. Safety 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. The safety message types are defined below.

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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2.4. General Warnings and Cautions

Description The following warnings, cautions and messages can be repeated, explained or
detailed in different parts of this manual.

WARNING

Failure to adhere to the general safety practices, listed below, can
result in injury.

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

• Verify the robot arm has ample space to operate freely.

• Verify the personnel are protected during installation,
commissioning, programming/ teaching, operation and use.

• 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 their heads and faces outside the reach
of the robot, including when the robot is about to start
operating.

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

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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2.5. Intended Use

Description
READ MANUAL

Failure to use the robot arm 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. For details about the
conditions under which the robot should operate, see Declarations and Certificates
and the technical specifications.
All Universal Robots robots are equipped with safety functions, which are purposely
designed to enable collaborative applications, where the robot application operates
together with a human.
Collaborative applications are only intended for non-hazardous applications, where
the complete application, including tool/end effector, work piece, obstacles and other
machines, is without any significant hazards according to the risk assessment of the
specific application.

WARNING

Using the robot arm outside of the intended purposes can result in
injuries.

• Do not use the robot for any of the below:

• Any use in hazardous locations or explosive
environments.

• Medical applications with contact or proximity to
patients.

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

• Any use or application deviating from the intended use,
specifications, and certifications is prohibited as the
result could be death, personal injury and/or property
damage.

UNIVERSAL ROBOTS EXPRESSLY DISCLAIMS ANY EXPRESS
OR IMPLIEDWARRANTY OF FITNESS FOR ANY MISUSE.
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WARNING

Using the robot arm outside of the intended purposes can result in
injuries.

• Do not use the robot for any of the below:

• Any use in hazardous locations or explosive
environments.

• Medical applications with contact or proximity to
patients.

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

• Any use or application deviating from the intended use,
specifications, and certifications is prohibited as the
result could be death, personal injury and/or property
damage.

UNIVERSAL ROBOTS EXPRESSLY DISCLAIMS ANY EXPRESS
OR IMPLIEDWARRANTY OF FITNESS FOR ANY MISUSE.

WARNING

Avoid modifying the robot. A modification might create unforeseen
hazards. All authorized reassembling shall be done according to the
newest version of all relevant service manuals.

WARNING

Failure to consider the added risks of a longer reach, higher payloads
and greater operating torques and speeds associated with a bigger
robot, can result in injury or death.

• Your risk assessment shall include the additional reach,
payload and speed risks.
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2.6. Risk Assessment

Description The risk assessment is a legal requirement, that shall be performed by a 3rd party
integrator, or by the user of the UR robot in the role of integrator.
The robot itself is partly completed machinery, as the safety of the robot installation
depends on how the robot is integrated (E.g. tool/end effector, obstacles and other
machines). It is recommended that the party performing the integration use ISO 12100
and ISO 10218-2 to conduct the risk assessment. Integration can apply Technical
Specification ISO/TS 15066 as additional guidance. The risk assessment shall
consider all work tasks throughout the lifetime of the robot application, including but
not limited to:

• Teaching the robot during set-up and development of the robot installation

• Troubleshooting and maintenance

• Normal operation of the robot installation

A risk assessment must be conducted before the robot arm is powered on for the first
time. A part of the risk assessment conducted by the integrator is to identify the proper
safety configuration settings, as well as the need for additional emergency stop
buttons and/or other protective measures required for the specific robot application.

Risk @ Robot Identifying the correct safety configuration settings is a particularly important part of
developing collaborative robot applications. See chapter  and part  for detailed
information.
Some safety functions are purposely designed for collaborative robot applications.
These features are configurable through the safety configuration settings and are
particularly relevant when addressing specific risks in the risk assessment conducted
by the integrator:

• 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.

• Joint, elbow and tool/end effector position limiting: Particularly used to reduce
risks associated with certain body parts. E.g. to avoid movement towards head
and neck.

• Tool/end effector orientation limiting: Particularly used to reduce risks
associated with certain areas and features of the tool/end effector and work-
piece. E.g. to avoid sharp edges to be pointed towards the operator.

• Speed limitation: Particularly used to ensure a low speed of the robot arm.

UR30 22 User Manual

2. Safety

C
op
yr
ig
ht
©
20
09
–2
02
4
by

U
ni
ve
rs
al
 R
ob
ot
s 
A
/S
.A

ll
rig
ht
s
re
se
rv
ed
.



Warning Unauthorized access to the safety configuration must be prevented by enabling and
setting password protection during the integration.

WARNING

Failure to conduct a collaborative application risk assessment can
increase hazards.

• Always conduct a collaborative application risk assessment
for intentional collisions and/or collisions due to reasonably
foreseeable misuse.

• The collaborative application shall address:

• Severity of individual potential collisions.

• Likeliness of occurrence of individual potential
collisions.

• Possibility to avoid individual potential collisions.

If the robot is installed in a non-collaborative 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), then the risk
assessment conducted by the integrator must conclude the need for additional
protective measures (e.g. an enabling device to protect the operator during set-up and
programming).

Potential
Hazards

Universal Robots identifies the potential significant hazards listed below as hazards
that must be considered by the integrator. Other significant hazards can be present in
a specific robot installation.

1. Penetration of skin by sharp edges and sharp points on tool/end effector or
tool/end effector connector.

2. Penetration of skin by sharp edges and sharp points on obstacles near the
robot track.

3. Bruising due to contact with the robot.

4. Sprain or bone fracture due to strokes between a heavy payload and a hard
surface.

5. Consequences due to loose bolts that hold the robot arm or tool/end effector.

6. Items falling out of tool/end effector, e.g. due to a poor grip or power
interruption.

7. Mistakes due to different emergency stop buttons for different machines.

8. Mistakes due to unauthorized changes to the safety configuration parameters.

Information on stopping times and stopping distances are found in chapter  and
appendix .
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2.7. Pre-Use Assessment

Description The following tests must be conducted before using the robot for the first time or after
any modifications are made. Verify that all safety input and output are appropriately
and correctly connected. Test that all connected safety input and output, including
devices common to multiple machines or robots, are functioning. As such you must:

• Test that emergency stop buttons and input stop the robot and engage brakes.

• Test that safeguard input stop the robot motion. If safeguard reset is configured,
check that it needs to be activated before motion can be resumed.

• Examine the initialization screen to test that reduced mode can switch the
safety mode to reduced mode.

• Test that the operational mode switches the operational mode, see icon in top
right corner of user interface.

• Test that the 3-position enabling device must be pressed to enable motion in
manual mode and that the robot is under reduced speed control.

• Test that System Emergency Stop outputs are actually capable of bringing the
whole system to a safe state.

• Test that the system connected to Robot Moving output, Robot Not Stopping
output, Reduced Mode output, or Not Reduced Mode output can actually detect
the output changes
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2.8. 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 are not intended to 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 activated, 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. After resetting the emergency stop, restore power to the robot and resume
operation.
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2.9. Movement Without Drive Power

Description In the unlikely event of an emergency, when powering the robot is either impossible or
unwanted, you can use forced back-driving to move the robot arm.
To perform forced back-driving you must push, or pull, the robot arm hard to move the
joint. Each joint brake has a friction clutch that enables movement during high forced
torque.
Performing forced back-driving requires high force and cannot be performed by one
person alone. 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.
See the Service Manual for information about how to disassemble the robot.

WARNING: ELECTRICITY

Electrical hazards and risks, due to the unsupported robot arm
breaking or falling apart, can cause injury or death.

• Remove power and support the robot arm before
disassembly.

NOTICE

Moving the robot arm manually is intended for urgent 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 the joint more than necessary.
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2.10.1. 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.

Stop
Category

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.

2
*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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2.10.2. Configurable Safety Functions

Description 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

Joint Position
Limit

Sets upper and lower limits for the allowed joint positions.

Joint Speed
Limit

Sets an upper limit for joint speed.

Safety
Planes

Defines planes, in space, that limit robot position. Safety planes limit
either the tool/end effector alone or both the tool/end effector and
the elbow.

Tool
Orientation

Defines allowable orientation limits for the tool.

Speed Limit
Limits maximum robot speed. The speed is limited at the elbow, at
the tool/end effector flange, and at the center of the user-defined
tool/end effector positions.

Force Limit

Limits maximum force exerted by the robot tool/end effector and
elbow in clamping situations. The force is limited at the tool/end
effector, elbow flange and center of the user-defined tool/end
effector positions.

Momentum
Limit

Limits maximummomentum of the robot.

Power Limit Limits mechanical work performed by the robot.
Stopping
Time Limit

Limits maximum time the robot uses for stopping after a robot stop is
initiated.

Stopping
Distance
Limit

Limits maximum distance travelled by the robot after a robot stop is
initiated.

Safety Function 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 Limit and 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:

User Manual 29 UR30

2. Safety

C
op
yr
ig
ht
©
20
09
–2
02
4
by

U
ni
ve
rs
al
 R
ob
ot
s 
A
/S
.A

ll
rig
ht
s
re
se
rv
ed
.



Table 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 25 N d 3
Momentum Limit 3 kg m/s d 3
Power Limit 10 W d 3
Stopping Time Limit 50 ms d 3
Stopping Distance Limit 40 mm d 3
Safe Home 1.7 ° d 3

Warnings
CAUTION

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

• If the 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.
Pinching hazards can be avoided by removing obstacles in these
areas, placing the robot differently, or by using a combination of safety
planes and joint limits to eliminate the hazard by preventing the robot
moving into this region of its workspace.
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Workspace

3.1:  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 450 mm from the base of the robot. The

other area (right) is within 200 mm of the base of the robot, when moving
tangentially.

Pinching hazards can be avoided 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 region of its workspace.
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Safety inputs The robot also has the following safety inputs:

Safety Input Description

Emergency
Stop Button

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

Robot
Emergency
Stop

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

System
Emergency
Stop

Performs a Stop Category 1 (IEC 60204-1) on robot only, in all
modes and takes precedence over all other commands.

Safeguard
Stop

Performs a Stop Category 2 (IEC 60204-1) in all modes, except
when using a 3-Position Enabling Device and a mode selector - then
when in Manual Mode, the Safeguard Stop can be set to only
function in Automatic Mode.

Automatic
Mode
Safeguard
Stop

Performs a Stop Category 2 (IEC 60204-1) in Automatic mode
ONLY. Automatic Mode Safeguard Stop can only be selected when a
Three-Position Enabling Device is configured and installed.

Safeguard
Reset

Returns from the Safeguard Stop state, when a rising edge on the
Safeguard Reset input occurs.

Reduced
Mode

Transitions the safety system to use the Reduced mode limits.

Three-
Position
Enabling
Device

Initiates a Stop Category 2 (IEC 60204-1) when the enabling device
is fully pressed or fully released in manual mode only. Three-Position
Enabling Device Stop is triggered when an input goes low. It is
unaffected by a Safeguard Reset.

Freedrive on
robot

Enables freedrive, when the robot is not in Automatic Mode.

Operational
Mode

Switches between Operational modes. The robot is in Automatic
mode when input is low, Manual mode when input is high.

Automatic
Mode
Safeguard
Reset

Returns from the Automatic Mode Safeguard Stop state, when a
rising edge on the Automatic Mode Safeguard Reset input occurs.
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Safety outputs For interfacing with other machines, the robot is equipped with the following safety
outputs:

Safety
Output

Description

System
Emergency
Stop

While this signal is logic low, the Robot Emergency Stop input is logic
low or the Emergency Stop button is pressed.

Robot
Moving

While this signal is logic high, no single joint of the robot moves more
than 0.1 rad/s.

Robot Not
Stopping

Logic high when the robot is stopped or in the process of stopping
due to an Emergency Stop or Safeguard Stop. Otherwise it will be
logic low.

Reduced Logic low when the safety system is in Reduced Mode.
Not Reduced Logic low when the system is not in Reduced Mode.
Safe Home Logic high when robot is in the configured Safe Home Position.

All safety I/O are dual channel, meaning they are safe when low (e.g., the Emergency
Stop is active when the signals are low).

2.10.3. Safety Functions

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

NOTICE

If the safety system detects any fault or violation, all safety outputs
re-set to low.
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2.10.4. Safety Parameter Set

Description The safety system has the following set of configurable safety parameters:

• Normal

• Reduced

Normal and
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.
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3. Lifting and Handling
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Table Description Action Detail

1 Transport
2

Opening the box3
4
5

Removing robot arm from box using strap
6

7 Lifting robot arm using strap and hook

When releasing and lifting
the robot, support it to
rotate and hang as
illustrated.

8a

Mounting

a. Normal mounting
• Fasten strap
securely when
using.

• Remove and store
strap when not
using.

8b
b. Angular mounting +/-45
degrees

9

Mounting
preparation

Sideways/Upsidedown/Angular
mounting >45 degrees

1. Remove strap

2. Power on robot and
reposition shoulder
joint as intended.

3. Skip step 10 for
sideways
mounting.

4. Replace the strap
as illustrated.

5. Move to mounting
position.

6. Fasten securely.

7. Remove and store
strap.

10

11

12
Mounting
execution

Sideways/Upsidedown/Angular
mounting >45 degrees

When releasing and lifting
the robot, support it to
rotate and hang as
illustrated.

13

14

WARNING

Lifting or movement of heavy parts can cause injury.

• Lifting apparatus/aid to lift can be required.
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WARNING

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

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

CAUTION

Failure to use an appropriate lifting device for the weight of the robot
can lead to injury and property damage.

• The lifting device shall be capable of lifting 64kg - robot only.

• The lifting device shall be capable of lifting 84kg - robot with
payload.

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 Mechanical Interface.

3.1. Round Sling Use

Description The round sling is provided by UR and included with the robot.
According to the manufacturer, the round sling conforms to the following standards:

• BS EN 1492-1 :2000+A1 :2008 Textile slings - Safety - Flat woven webbing
slings, made of man-made fibers, for general purpose use.

• BS EN 1492-2 :2000+A1 :2008 Textile slings - Safety - Round slings, made of
man-made fibers, for general purpose use.

WARNING

Using the round sling without an inspection can lead to injury.

• Inspect the sling before and after each use.

• Inspect the sling during use if possible.
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WARNING

Using a damaged round sling can result in injury.

• Carefully examine the sling visually before each use.

• Do not use the sling if it is cracked, ripped, or the stitching is
loose.

• Do not use the sling if there are signs of heat damage.

CAUTION

Incorrect storage and/or handling can cause damage to the round
sling.

• Keep the sling away from acids and bases.

• Protect the sling against sharp edges and friction.

• Do not tie a knot in the sling.

NOTICE

There may be specific regulations for inspecting lifting equipment in
your region.

• Observe local regulations regarding inspection of lifting
equipment.

• Observe local regulations regarding inspection frequency of
lifting equipment.

Table Round Sling Description

Item Round sling 1T x 1M/2M
Color Violet (according to EN 1492-2)
Material Polyester

WLL Factor
1.0 (1000 KG) Straight Lift

0.8 (800 KG) Choke Hitch
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4. Light Ring
Description The light ring at the base of the robot arm provides status indication as described in the

table below.

NOTICE

The light ring configuration can be modified and/or disabled by the
user.

Robot base

1. Light ring

2. Base
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Color codes Color Mode

Steady Flashing slow 0.5Hz

Red
Robot not moving or in the process of
stopping.

1. Emergency stop

Yellow

Robot not moving or in the process of
stopping.

1. Robot stop (previously known as
Protective stop)

2. Recovery

3. Safeguard stop (all types)

Green
Automatic mode

1. Running

Automatic mode

1. Running at reduced
parameters

Blue

Manual mode

Not Automatic, Not being moved

1. Booting process

Robot can be moved by
hand

1. Backdrive

2. Freedrive

OFF

No power available to the robot arm

1. Fault

2. Violation

3. Loading Screen

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

5.1. 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

1 Release
There is no pressure
on the 3PE button. It is
not pressed.

Robot movement is stopped in Manual
mode. Power is not removed from the
robot arm and the brakes remain
released.

2

Light-
press
(Grip
lightly)

There is some
pressure on the 3PE
button. It is pressed to
a middle point.

Allows your program to play when the
robot is in Manual mode.

3

Tight-
press
(Grip
tightly)

There is full pressure
on the 3PE button. It is
pressed all the way
down.

Robot movement is stopped in Manual
mode. Robot is in 3PE Stop.
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1 Button release 2 Button press

5.2. Using the 3PE Buttons

Using the 3PE To play a program

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.

5.2.1. Freedrive with 3PE Buttons

Description Freedrive allows the robot arm to be manually pulled into desired positions and/or
poses. For more information, refer to the Freedrive section in the robot User Manual.

Using freedrive To use the 3PE button to freedrive the robot arm:

1. Rapidly light-press, release, then light-press-and-hold, the 3PE button.

Now you can pull the robot arm into a desired position, while the light-press is
maintained.
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6. Mechanical Interface
Description The elements of the robot make up the robot system: Robot arm, tool or workpiece,

Control Box and 3PE Teach Pendant are described in this chapter. You can also find
maximum payload and workspace requirements.

6.1. 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.

• Consider the information below when choosing the operating
space for the robot.

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.
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Workspace • The robot extends 1300 mm from the base joint.

• The cylindrical volume is both directly above and directly below the robot base.

• The tool should not be moved close to the cylindrical volume, as it causes the joints to
move too fast even when the tool is moving slowly. This can present a risk to property
and functionality.

Front Tilted

6.2. Mounting Description

Description
Robot arm
(Base)

The robot arm uses six 8.8 strength, M10 bolts that fit into six 10.5 mm
mounting holes in the base. The bolts shall be tightened to a torque of
45 Nm

Tool (Tool
Flange)

The tool uses six 8.8 strength, M8 bolts that fit into six M8 thread holes in
the tool flange. The bolts shall be tightened to a maximum torque of 16
Nm.

Control
Box

The Control Box is wall mounted or placed on the ground.

Teach
Pendant

The Teach Pendant is wall mounted or placed onto the Control Box.
Verify the cable does not cause tripping hazard. You can buy extra
brackets for mounting the Control Box and Teach Pendant.

Warning:
IP rating CAUTION

Mounting and operating the robot in environments exceeding the
recommended IP rating can result in 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)
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Warning:
Mounting WARNING

Unstable mounting can lead to accidents.

• Always make sure the robot parts are properly and securely
mounted and bolted in place.
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6.3. Securing the Robot Arm

Description

 95 

 1
0 

8 FG8 
+
+

0.030
0.008 9.5 ± ,5

6x 10.50 THRU ALL

8 FG8 
+
+

0.030
0.008 X 13 9,5 ± 0,5

21
0 

 30° 

 5 x 60° 

 95 

Mounting Plate with Pins for Robot Base

Bottom View of Robot Base

 5
 ±

1 

 190 

8 h6 -
 0
0.009 8 h6 -

 0
0.009 0.05

Holes for mounting the robot, and where to drill holes and mount the screws.
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To power down
the robot arm WARNING

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. Press the power button on the Teach Pendant to turn off the robot.

2. Unplug the mains cable / power cord form the wall socket.

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

To secure the
robot arm

1. Mount the robot on a sturdy, vibration-less, surface that can withstand at least
ten times the full torque of the base joint and at least five times the weight of the
robot arm.

If the robot is mounted on a linear axis, or a moving platform, then the
acceleration of the moving mounting base is very low. High acceleration might
cause the robot to make a safety stop.

2. Tighten the bolts to 20 Nm torque. (Torque values have been updated SW5.14.
Earlier printed version will show different values)

3. Use the two Ø8 holes provided, with a pin, to accurately reposition robot arm.

6.4. Securing the Tool

Description The tool or workpiece is mounted to the tool output flange (ISO 9409-1-80-6-M8) at the
tip of the robot.
For accurate tool repositioning, use a pin in the Ø8 hole provided.

Dimensions and hole pattern of the tool. 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. It
is recommended to use a radially slotted hole for the positioning pin to avoid over-
constraining, while keeping precise position.
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6.5. Control Box Clearance

Description The flow of hot air in the Control Box can result in equipment malfunction.
The Control Box requires a minimum clearance of 50 mm on each side for sufficient
cool airflow. The recommended Control Box clearance is 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.

6.6. Maximum Payload

Description The rated payload of the Robot Arm depends on the center of gravity offset of the
payload as shown in Figure . The center of gravity offset is defined as the distance
from the center of the tool flange to the center of gravity of the attached payload.
When computing the payload mass in a pick and place application, for example,
consider both the gripper and object handled by the gripper.
The robot may have reduced acceleration capability if the payload Center of
Gravity exceeds the workspace of 1300 mm with 30 kg payload.
The robot arm can accommodate a long Center of Gravity offset, if the payload is
placed below the tool flange as is often the case in palletizing applications.
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7. Electrical Interface
Description This chapter describes electrical interface groups for the robot arm and the

Control Box. Examples are given for most types of I/O which are both digital and
analog control signals to, or from, the electrical interface groups listed below.

• Ethernet

• Controller I/O

• Mains connection

• Robot connection

• Tool I/O

All voltages and currents are in Direct Current (DC) unless otherwise specified.

7.1. Electrical Warnings and Cautions

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

PLC
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.

User Manual 55 UR30

7. Electrical Interface

C
op
yr
ig
ht
©
20
09
–2
02
4
by

U
ni
ve
rs
al
 R
ob
ot
s 
A
/S
.A

ll
rig
ht
s
re
se
rv
ed
.



Electricity
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/O.
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.

EMC
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.

• I/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
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.

The manual
READ MANUAL

Some I/Os inside the Control Box can be configured for either normal
or safety-related I/O. Read and understand the complete Electrical
Interface chapter.
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Common
specifications for
all digital I/O

This section defines electrical specifications for the following 24V digital I/O of the
Control Box.

• Safety I/O.

• Configurable I/O.

• General purpose I/O.

NOTICE

The word configurable is used for I/O configured as either safety-
related I/O or normal I/O. These are the yellow terminals with black
text.

Install the robot according to the electrical specifications which are the same for all
three inputs.
It is possible to power the digital I/O 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 0V) in the block are the 24V input
to supply the I/O. The default configuration uses the internal power supply (see below).

Power supply If more current is needed, connect an external power supply as shown below.

24V

0V

PWR

GND

Power

24V

0V

PWR

GND

Power

This example illustrates the default
configuration using the internal power
supply

This example illustrates the default
configuration with an external power supply
for more current.

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

Terminals Parameter Min Typ Max Unit

Internal 24V power supply
[PWR - GND] Voltage 23 24 25 V
[PWR - GND] Current 0 - 2* A
External 24V input requirements
[24V - 0V] Voltage 20 24 29 V
[24V - 0V] Current 0 - 6 A
*3.5A for 500ms or 33% duty cycle.
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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
manual

Automatic or
manual

Frequency of use Infrequent
Every cycle to
infrequent

Every cycle to
infrequent

Requires re-initialization
Brake release

only
No No

Stop Category (IEC 60204-1) 1 2 2
Performance level of monitoring
function (ISO 13849-1)

PLd PLd PLd

Safety caution Use the configurable I/O to set up additional safety I/O functionality, e.g. Emergency
Stop Output. Configuring a set of configurable I/O for safety functions are done through
the GUI, (see part Part II PolyScope Manual).

CAUTION

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.

• Safety functions shall be tested regularly.

OSSD signals 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. OSSD pulses on the safety outputs are detailed in part Part II
PolyScope Manual.
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Default safety
configuration

The robot is delivered with a default configuration, which enables operation without any
additional safety equipment (see illustration below).
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Connecting
emergency stop
buttons

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
Emergency Stop
with other
machines

You can set up a shared emergency stop function between the robot and other
machines by configuring the following I/O functions via the GUI. The Robot Emergency
Stop Input cannot be used for sharing purposes. If more than two UR robots or other
machines need 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 emergency stop.

The illustration below shows how two UR robots share their emergency stop functions.
In this example the configured I/Os used are CI0-CI1 and CO0-CO1.

24V

CI1

24V

CI2

24V

CI3

24V

CI0

Configurable Inputs

24V

CI5

24V

CI6

24V

CI7

24V

CI4

0V

CO1

0V

CO2

0V

CO3

0V

CO0

Configurable Outputs

0V

CO5

0V

CO6
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CO4

24V
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CI5
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24V

CI7

24V
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0V
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0V
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0V
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0V
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Safeguard stop
with automatic
resume

This configuration is only intended for applications where the operator cannot go
through the door and close it behind him. The configurable I/O is used to setup a reset
button outside the door to reactivate robot motion. The robot resumes movement
automatically 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.
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This example illustrates a door
switch is a basic safeguard device
where the robot is stopped when the
door is opened.

This example illustrates a safety mat is a
safety device where automatic resume is
appropriate. This example is also valid for a
safety laser scanner.

Safeguard Stop
with reset button

If the safeguard interface is used to interact with a light curtain, a reset outside the
safety perimeter is required. The reset button must be a two channel type. In this
example the I/O configured for reset is CI0-CI1 (see below).
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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.
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7.8. Control Box Bracket

Description On the underside of the I/O interface groups, there is a bracket with ports that allows
for additional connections (illustrated below). The base of the Control Box has a
capped opening for easy connection (see Ethernet).
The Mini Displayport supports monitors with Displayport and requires an active Mini
Display to DVI or HDMI converter to connect monitors with DVI/HDMI interface.
Passive converters do not work with DVI/HDMI ports.

Bracket The Fuse must be UL marked, Mini Blade type with maximum current rating: 10A and
minimum voltage rating: 32V

NOTICE

Do not connect or disconnect the Teach Pendant while Control Box is
powered on. This can cause damage to Control Box.

NOTICE

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

• Plug in the active adapter to the Control Box before powering
on the system.

• 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.

7.9. Ethernet
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7.10. 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
connections

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

NOTICE

Always use a power cord with a country specific wall plug when
connecting to the Control Box. Do not use an adapter.

As a part of the electrical installation, provide the following:

• Connection to ground

• Main fuse

• Residual current device

• A lockable (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.

Table 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 90 300 750 W
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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 extend or modify the original Robot Cable.
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Tool Cable
Adapter

The Tool Cable Adapter is the electronic accessory that allows compatibility between
the tool I/O and e-Series tools.

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

1 AI2 / RS485+ Analog in 2 or RS485+
2 AI3 / RS485- Analog in 3 or RS485-
3 TI1 Digital Inputs 1
4 TI0 Digital Inputs 0
5 POWER 0V/12V/24V
6 TO1/GND Digital Outputs 1 or Ground

7 TO0/PWR
Digital Outputs 0 or

0V/12V/24V
8 GND Ground

GROUND

The tool flange is connected to GND (Ground).
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Caution
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
Analog Inputs,
Non-differential

This example shows an analog sensor connection with a non-differential output. The
sensor output can be either current or voltage, as long as the input mode of that Analog
Input is set to the same on the I/O tab.
Note: You can check that a sensor with voltage output can drive the internal resistance
of the tool, or the measurement might be invalid.

GND 

POWER

AI8AI2

Using Tool
Analog Inputs,
differential

This example shows an analog sensor connection with a differential output. Connecting
the negative output part to GND (0V), works in the same way as a non-differential
sensor.

POWER

AI8

GND 

AI2

7.19. Tool Communication I/O

Description • Signal requests The RS485 signals use internal fail-safe biasing. If the
attached device does not support this fail-safe, signal biasing must either be
done in the attached tool, or added externally by adding pull-up resistors to
RS485+ and pull-down to RS485-.

• Latency The latency of messages sent via the tool connector ranges from 2ms
to 4ms, from the time the message is written on the PC to the start of the
message on the RS485. A buffer stores data sent to the tool connector until the
line goes idle. Once 1000 bytes of data have been received, the message is
written on the device.

Baud Rates 9.6k, 19.2k, 38.4k, 57.6k, 115.2k, 1M, 2M, 5M
Stop Bits 1, 2
Parity None, Odd, Even
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