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Congratulations on the purchase of your new Universal Robots robot, UR10.

The robot can be programmed to move a tool, and communicate with other machines using
electrical signals. It is an arm composed of extruded aluminium tubes and joints. ~Using our
patented programming interface, PolyScope, it is easy to program the robot to move the tool
along a desired trajectory.

What Do the Boxes Contain

When you order a robot, you receive two boxes. One contains the Robot Arm, the other contains:

¢ Control Box with Teach Pendant

* Mounting bracket for the Control Box

¢ Mounting bracket for the Teach Pendant

¢ Key for opening the Control Box

¢ Cable for connecting the robot arm and the Control Box
* Mains cable or Power cable compatible to your region

e Stylus pen with laser

e This manual

Version 3.10 ix UR10/CB3
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Important Safety Notice

The robot is partly completed machinery (see 8.4) and as such a risk assessment is required
for each installation of the robot. You must follow all of the safety instructions in chapter 1.

How to Read This Manual

This manual contains instructions for installing and programming the robot. The manual is

separated into two parts:

Hardware Installation Manual: The mechanical and electrical installation of the robot.

PolyScope Manual: Programming of the robot.

This manual is intended for the robot integrator who must have a basic level of mechanical and
electrical training, as well as be familiar with elementary programming concepts.

Where to Find More Information
The support website (http://www.universal-robots.com/support) contains the fol-
lowing:
® Other language versions of this manual
* PolyScope Manual
¢ The Service Manual with instructions for troubleshooting, maintenance and repair

¢ The Script Manual for advanced users

UR+

The UR+ site (http://www.universal—-robots.com/plus/) is an online showroom that
provides cutting-edge products to customize your UR robot application. You can find every-
thing you need in one place—from end-effectors and accessories to vision cameras and software.
All products are tested and approved to integrate with UR robots, ensuring simple set-up, reli-
able operation, smooth user experience, and easy programming. You can also use the site to join
the UR+ Developer Program to access our new software platform which allows you to design
more user-friendly products for UR robots.

UR10/CB3 X Version 3.10
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1.1

Introduction

This chapter contains important safety information, which must be read and understood by the
integrator of UR robots before the robot is powered on for the first time.

In this chapter, the first subsections are general. The later subsections contain specific engineer-
ing data relevant to enable setting up and programming the robot. Chapter 2 describes and
defines safety-related functions particularly relevant for collaborative applications.

Instructions and guidance provided in chapter 2 aswellasin section 1.7 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.

NOTE:
Universal Robots disclaims any and all liability if the robot (arm
control box and/or teach pendant) is damaged, changed or mod-

ified 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.

1.2

Validity and Responsibility

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 UR 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 com-
plete 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

Version 3.10 I-3 UR10/CB3
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® Collecting all documentation in a technical file; including the risk assessment and this
manual

1.3 Limitation of Liability

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.

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.
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1.4 Warning Symbols in this Manual

The symbols below define the captions specifying the danger levels used throughout this man-

ual. The same warning signs are used on the product.

DANGER:
This indicates an imminently hazardous electrical situation which,
if not avoided, could result in death or serious injury.

DANGER:
This indicates an imminently hazardous situation which, if not

avoided, could result in death or serious injury.

WARNING:

This indicates a potentially hazardous electrical situation which, if
not avoided, could result in injury or major damage to the equip-
ment.

WARNING:
This indicates a potentially hazardous situation which, if not
avoided, could result in injury or major damage to the equipment.

WARNING:
This indicates a potentially hazardous hot surface which, if

touched, could result in injury.

CAUTION:
This indicates a situation which, if not avoided, could result in
damage to the equipment.

UR10/CB3 I-4 Version 3.10



1.5 General Warnings and Cautions UNIVERSAL ROBOTS

1.5 General Warnings and Cautions

This section contains some general warnings and cautions that can be repeated or explained in

different parts of this manual. Other warnings and cautions are present throughout this manual.

DANGER:
You must install the robot and all electrical equipment according

to the specifications and warnings found in chapters 4 and 5.

Version 3.10 I-5 UR10/CB3
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WARNING:

1. Make sure the robot arm and tool/end effector are properly

and securely bolted in place.
2. Make sure the robot arm has ample space to operate freely.

3. Make sure that safety measures and/or robot safety configu-
ration parameters have been set up to protect both program-
mers, operators and bystanders, as defined in the risk assess-

ment.

4. Do not wear loose clothing or jewellery when working with
the robot. Make sure long hair is tied back when working
with the robot.

5. Never use the robot if it is damaged. For example, if joint caps
are loose, broken or removed.

6. If the software prompts an error, immediately press emer-
gency stop, write down the conditions that led to the error,
find the corresponding error codes on the log screen, and con-

tact your supplier.

7. Do not connect any safety equipment to standard 1/0O. Use
safety-related I/O only.

8. Make sure to use the correct installation settings (e.g. Robot
mounting angle, mass in TCP, TCP offset, safety configura-
tion). Save and load the installations file along with the pro-

gram.

9. The freedrive function (Impedance/Backdrive) shall only be
used in installations where the risk assessment allows it.
Tool/end effectors and obstacles shall not have sharp edges
or pinch points.

10. Make sure to warn people to keep their heads and faces out-
side the reach of the operating robot or robot about to start
operating.

11. Be aware of robot movement when using the teach pendant.

12. If determined by the risk assessment, do not enter the safety
range of the robot or touch the robot when the system is in

operation.

UR10/CB3 I-6 Version 3.10
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13.

14.

15.

16.

Collisions can release high levels of kinetic energy, which are
significantly higher at high speeds and with high payloads.
(Kinetic Energy = 1Mass - Speed?)

Combining different machines can increase hazards or create
new hazards. Always make an overall risk assessment for
the complete installation. Depending on the assessed risk,
different levels of functional safety can apply; as such, when
different safety and emergency stop performance levels are
needed, always choose the highest performance level. Al-
ways read and understand the manuals for all equipment
used in the installation.

Never modify the robot. A modification might create hazards
that are unforeseen by the integrator. All authorized reassem-
bling shall be done according to the newest version of all rel-

evant service manuals.

If the robot is purchased with an extra module (e.g. eu-

romap67 interface) then look up that module in the respective

manual.

WARNING:

1. The robot and its controller box generate heat during opera-

tion. Do not handle or touch the robot while in operation or
immediately after operation as prolonged contact can cause
discomfort. To cool the robot down, power off the robot and

wait one hour.

. Never stick fingers behind the internal cover of the controller

box.

CAUTION:

1. When the robot is combined, or working, with machines ca-

pable of damaging the robot, it is highly recommended to test
all functions and the robot program separately. It is also rec-
ommended to test the robot program using temporary way-
points outside the workspace of other machines.

. Do not expose the robot to permanent magnetic fields. Very

strong magnetic fields can damage the robot.

Version 3.10
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1.6

Intended Use

UR robots are industrial robots intended to handle tools/end effectors and fixtures, or to pro-
cess or transfer components or products. For details about the environmental conditions under
which the robot should operate, see appendices Band D.

UR robots are equipped with special safety-related features, which are purposely designed to
enable collaborative operation, where the robot system operates without fences and /or together

with a human.

Collaborative operation is 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.

Any use or application deviating from intended use is deemed to be impermissible misuse. This
includes, but is not limited to:

¢ Use in potentially explosive environments
¢ Use in medical and life critical applications
¢ Use before performing a risk assessment

* Use outside of stated specifications

Use as a climbing aid

* Operation outside the permissible operating parameters

1.7

Risk Assessment

One of the most important things that an integrator needs to do is to perform a risk assessment.
In many countries this is required by law. 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 integrator uses ISO 12100 and ISO 10218-2 to conduct the risk assess-
ment. Additionally the integrator can choose to use the Technical Specification ISO/TS 15066 as
additional guidance.

The risk assessment that the integrator conducts 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 configura-
tion settings, as well as the need for additional emergency stop buttons and/or other protective

measures required for the specific robot application.

Identifying the correct safety configuration settings is a particularly important part of develop-
ing collaborative robot applications. See chapter 2 and part II for detailed information.

UR10/CB3 I-8 Version 3.10
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Some safety-related features 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.

* TCP 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.

e TCP and tool/end effector orientation limiting: Particularly used to reduce risks associ-
ated 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.

The integrator must prevent unauthorized access to the safety configuration by using password
protection.
A collaborative robot application risk assessment for contacts that are intentional and/or due

to reasonably foreseeable misuse is required and must address:

¢ Severity of individual potential collisions

e 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 rea-
sonably 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).

Universal Robots identifies the potential significant hazards listed below as hazards that must
be considered by the integrator.

Note: Other significant hazards can be present in a specific robot installation.

1. Entrapment of fingers between robot arm cable connector and base (Joint 0).

2. Entrapment of fingers between robot foot and base (Joint 0).

3. Entrapment of fingers between robot wrist 1 and robot wrist 2 (Joint 3 and Joint 4).
4

. Penetration of skin by sharp edges and sharp points on tool/end effector or tool/end ef-

fector connector.

Penetration of skin by sharp edges and sharp points on obstacles near the robot track.
Bruising due to contact with the robot.

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

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

v ® N o @

Items falling out of tool/end effector, e.g. due to a poor grip or power interruption.
10. Mistakes due to different emergency stop buttons for different machines.

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

Information on stopping times and stopping distances are found in chapter 2and appendix A.
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UNIVERSAL ROBOTS 1.9 Movement With and Without Drive Power

1.8 Emergency Stop
Activate the emergency stop push-button to immediately stop all robot motion.

Note: According to IEC 60204-1 and ISO 13850, emergency devices are not safeguards. They are

complimentary protective measures and are not intended to prevent injury.

The risk assessment of the robot application shall conclude if additional emergency stop buttons
are need. Emergency stop push-buttons must comply with IEC 60947-5-5 (see section 5.3.2).

1.9 Movement With and Without Drive Power

In the unlikely event of an emergency situation, where one or more robot joints need to be
moved and robot power is either not possible or not wanted, there are two different ways to
force movements of the robot joints: Note: In a service situation, the brake on the joints can be
released without connected power.

1. Forced back-driving: Force a joint to move by pushing or pulling the robot arm hard. Each
joint brake has a friction clutch which enables movement during high forced torque.

2. Manual brake release: Remove the joint cover by removing the few M3 screws that fix
it. Release the brake by pushing the plunger on the small electromagnet as shown in the
picture below.

WARNING:

1. Moving the robot arm manually is intended for urgent emer-
gency purposes only and might damage the joints.

2. If the brake is released manually, gravitational pull can cause
the robot arm to fall. Always support the robot arm, tool/end
effector and work item when releasing the brake.

UR10/CB3 1-10 Version 3.10



2.1

Introduction

UR robots are equipped with a range of built-in safety-related functions as well as safety-related
electrical interfaces to connect to other machines and additional protective devices. Each safety
function and interface is monitored according to EN 15013849-1:2008 (see Chapter 8 for certifi-
cations) with Performance Level d (PLd).

DANGER:

Use of safety configuration parameters different from those de-
fined by the risk assessment conducted by the integrator can result
in hazards that are not reasonably eliminated or risks that are not
sufficiently reduced.

See chapter 10 in part II for configuration of the safety-related features, inputs, and outputs
in the user interface. See chapter 5 for descriptions on how to connect safety devices to the
electrical interface.

NOTE:

1. Use and configuration of safety-related functions and inter-
faces must be done according to the risk assessment that the

integrator conducts for a specific robot application, see sec-
tion 1.7 in chapter 1.

2. If the robot discovers a fault or violation in the safety system,
e.g. one of the wires in the emergency stop circuit is cut, a
position sensor is broken, or a limit of a safety-related func-
tion has been violated, a Stop Category 0 is initiated. The
worst case time from an error occurs to the robot is stopped
is listed at the end of this chapter. This time should be taken
into account as part of the risk assessment conducted by the
integrator.

The robot has a number of safety-related functions that can be used to limit the movement of its
joints and of the robot Tool Center Point (TCP). The TCP is the center point of the output flange
with the addition of the TCP offset.

The limiting safety-related functions are:

Version 3.10 I-11 UR10/CB3
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Limiting Safety Description

Function

Joint position Min. and max. angular joint position

Joint speed Max. angular joint speed

TCP position Planes in Cartesian space limiting robot TCP position
TCP speed Max. speed of the robot TCP

TCP force Max. pushing force of the robot TCP

Momentum Max. momentum of the robot arm

Power Max. applied robot arm power

2.2

Stopping times of the Safety System

The stopping time of the safety system is the time from a fault or violation of a safety-related
function occurs to the robot is brought to a complete stop and the mechanical brakes are en-
gaged.

The maximum stopping times in the table must be considered if the safety of the application
relies upon the stopping time of the robot. E.g. if a fault in the robot results in a stop of a
complete factory line, where certain actions must take place immediately after the stop, the
maximum stopping times must be considered.

The measurements are conducted with the following configuration of the robot:

¢ Extension: 100% (the robot arm is fully extended horizontally).
¢ Speed: The TCP speed limit of the safety system is set to the described limit.
¢ Payload: maximum payload handled by the robot attached to the TCP (10 kg).

The worst case stopping time for Stop Category! 0 in case of a violation of the safety limits or

interfaces can be seen in the following table.

TCP Speed Limit Maximum Stopping Time

1.0m/s 450 ms
1.5m/s 500 ms
2.0m/s 550 ms
1.5m/s 600 ms
3.0m/s 650 ms

2.3

Limiting Safety-related Functions

Advanced path control software decreases speed or issues a program execution stop if the robot
arm approaches a safety-related limit. Violations of limits will hence only occur in exceptional
cases. Nevertheless, if a limit is violated, the safety system issues a Stop Category 0.

1Stop Categories are according to IEC 60204-1, see Glossary for more details.
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Worst Case

Limiting Safety Trueness  Detection De-energizing Reaction
Function Time Time Time
Joint position 1.15° 100 ms 1000 ms 1100 ms
Joint speed 1.15°/s 250 ms 1000 ms 1250 ms
TCP position 20 mm 100 ms 1000 ms 1100 ms
TCP orientation 1.15° 100 ms 1000 ms 1100 ms
TCP speed 50 mm/s 250ms 1000 ms 1250 ms
TCP force 25N 250 ms 1000 ms 1250 ms
Momentum 3kgm/s 250 ms 1000 ms 1250 ms
Power 10W 250ms 1000 ms 1250 ms

The system is considered de-energized when the 48 V bus voltage reaches an electrical potential
below 7.3 V. The de-energizing time is the time from a detection of an event until the system has

been de-energized.

WARNING:

There are two exceptions to the force limiting function that are
important to notice when designing the work cell for the robot.
These are illustrated in Figure 2.1. As the robot stretches out, the
knee-joint effect can give high forces in the radial direction (away
from the base), but at the same time, low speeds. Similarly, the
short leverage arm, when the tool is close to the base and mov-
ing tangential (around) the base, can cause high forces, but also
at low speeds. Pinching hazards can be avoided, for instance, by
removing obstacles in these areas, placing the robot differently, or
by using a combination of safety planes and joint limits to remove
the hazard by preventing the robot moving into this region of its
workspace.

WARNING:

If the robot is used in manual hand-guiding applications with lin-
ear movements, the joint speed limit must be set to maximum 40
degrees per second for the base and shoulder joints unless a risk
assessment shows that speeds above 40 degrees per second are ac-
ceptable. This will prevent fast movements of the robot elbow near

singularities.

2.4 Safety Modes

Normal and Reduced mode The safety system has two configurable safety modes: Normal
and Reduced. Safety limits can be configured for each of these two modes. Reduced mode is
active when the robot TCP is positioned beyond a Trigger Reduced mode plane or when triggered
by a safety input. Reduced mode can be triggered either by using a plane or by using an input.

Using a plane to trigger Reduced mode: When the robot moves from the Reduced mode side

of the trigger plane, back to the Normal mode side, there is a 20mm area around the trigger
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1300 mm
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Figure 2.1: Certain areas of the workspace should receive attention regarding pinching hazards, due to
the physical properties of the robot arm. One area is defined for radial motions, when the wrist 1 joint is
at a distance of at least 1300 mm from the base of the robot. The other area is within 300 mm of the base
of the robot, when moving in the tangential direction.

plane where both Normal and Reduced mode limits are allowed. It prevents the safety mode
from flickering if the robot is right at the limit.

Using an input to trigger Reduced mode: When an input is used (to either start or stop Reduced
mode), up to 500ms can elapse before the new mode limit values are applied. This could happen
either when changing Reduced mode to Normal mode OR changing Normal mode to Reduced
mode. It allows the robot to adapt e.g. the speed to the new safety limits.

Recovery Mode When a safety limit is violated, the safety system must be restarted. If the
system is outside a safety limit at start-up (e.g. outside a joint position limit), the special Recovery
mode is entered. In Recovery mode it is not possible to run programs for the robot, but the robot
arm can be manually moved back within limits either by using Freedrive mode or by using the
Move tab in PolyScope (see part II “PolyScope Manual”). The safety limits of Recovery mode
are:

Limiting Safety Function Limit

Joint speed 30°/s
TCP speed 250 mm/s
TCP force 100N
Momentum 10kgm/s
Power S8OW

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

WARNING:

Notice that limits for the joint position, the TCP position, and the
TCP orientation are disabled in Recovery Mode. Take caution when
moving the robot arm back within the limits.
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2.5 Safety-related Electrical Interfaces

The robot is equipped with several safety-related electrical inputs and outputs. All safety-
related electrical inputs and outputs are dual channel. They are safe when low, e.g. the emer-
gency stop is not active when the signals are high (+24V).

2.5.1 Safety-related Electrical Inputs

The table below gives an overview of the safety-related electrical inputs.

Safety Input Description

Robot Emergency Stop (Dedicated Input). Performs a Stop Category 1, which
can be forwarded to other machines using the Systemn
emergency stop output when configured.

Emergency Stop Button (Teach Pendant Button). Performs a Stop Category 1,
which can be forwarded to other machines using the
System emergency stop output when configured.

System Emergency Stop (Configurable Input). Performs a Stop Category 1. To
avoid deadlocks, this signal will not be forwarded to

other machines through the System emergency stop out-

put.
Safeguard Stop (Dedicated Input). Performs a Stop Category 2.
Safeguard Reset (Configurable Input). Resumes the robot from a Safe-

guard stopped state, when an edge on the Safeguard re-
set input occurs.
Reduced Mode (Configurable Input). The safety system transitions to
Reduced mode limits.
Three-Position Enabling (Configurable Input). Functions as a safeguard stop in-
Device put when the operational mode input is high.
Operational Mode (Configurable Input). Operational mode to use when a

Three-position enabling device is configured.

A Stop Category 1 and a Stop Category 2 decelerates the robot with drive power on, which
enables the robot to stop without deviating from its current path.

Monitoring of safety inputs Stop Category 1 and Stop Category 2 are monitored by the safety
system in the following way:

1. The safety system monitors that the braking initiates within 24 ms, see Figure 2.2.

2. If a joint is moving, its speed is monitored to never be higher than the speed obtained by
constantly decelerating from the maximum joint speed limit for Normal mode to 0rad/s in
500ms.

3. If a joint is at rest (joint speed is less than 0.2rad/s), it is monitored that it does not move

more than 0.05rad from the position it had when the speed was measured below 0.2 rad/s.

Additionally, for a Stop Category 1, the safety system monitors that after the robot arm is at
rest, the powering off is finalized within 600 ms. Furthermore, after a Safeguard Stop input, the
robot arm is only allowed to start moving again after a positive edge on the safeguard reset
input occurs. If any of the above properties are not satisfied, the safety system issues a Stop
Category 0.
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2.5 Safety-related Electrical Interfaces
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Figure 2.2: The green area below the ramp is the allowed speeds for a joint during braking. At time 0 an
event (emergency stop or safeguard stop) is detected at the safety processor. Deceleration begins after

24 ms.

A transition to Reduced mode triggered by the reduced mode input is monitored as follows:

1. The safety system accepts both Normal and Reduced mode limit sets for 500 ms after the

reduced mode input is triggered.

2. After 500 ms, only the Reduced mode limits are in effect.

If any of the above properties are not satisfied, the safety system issues a Stop Category 0.

A Stop Category 0 is performed by the safety system with the performance described in the

following table. The worst-case reaction time is the time to stop and to de-energize (discharge to

an electrical potential below 7.3 V) a robot running at full speed and payload.

Worst Case
Safety Input Function Detection De-energizing Reaction
Time Time Time
Robot Emergency Stop 250 ms 1000 ms 1250 ms
Emergency Stop Button 250 ms 1000 ms 1250 ms
System Emergency Stop 250 ms 1000 ms 1250 ms
Safeguard Stop 250 ms 1000 ms 1250 ms

2.5.2 Safety-related Electrical Outputs

The table below gives an overview of the safety-related electrical outputs:

Safety Output Description

System Emergency Stop Logic low when 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 arm moves more than 0.1 rad.

Robot Not Stopping Logic high when the robot is stopped or in the pro-
cess of stopping due to an emergency stop or safeguard
stop. Otherwise it will be logic low.

Reduced Mode Logic low when the safety system is in Reduced mode.

Not Reduced Mode The Reduced mode output negated.

UR10/CB3
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UNIVERSAL ROBOTS

If a safety output is not set properly, the safety system issues a Stop Category 0, with the follow-

ing worst-case reaction times:

Safety Output Worst Case Reaction Time
System Emergency Stop 1100 ms
Robot Moving 1100 ms
Robot Not Stopping 1100 ms
Reduced Mode 1100 ms
Not Reduced Mode 1100 ms
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Transport the robot in the original packaging. Save the packaging material in a dry place; you
may need to pack down and move the robot later on.

Lift both tubes of the robot arm at the same time when moving it from the packaging to the
installation place. Hold the robot in place until all mounting bolts are securely tightened at the
base of the robot.

The controller box shall be lifted by the handle.

WARNING:

1. Make sure not to overload your back or other bodyparts when
the equipment is lifted. Use proper lifting equipment. All
regional and national guidelines for lifting shall be followed.
Universal Robots cannot be held responsible for any damage
caused by transportation of the equipment.

2. Make sure to mount the robot according to the mounting in-
structions in chapter 4.
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4.1

Introduction

This chapter describes the basics of mounting the various parts of the robot system. Electrical
installation instructions in chapter 5 must be observed.

4.2

Workspace of the Robot

The workspace of the UR10 robot extends 1300 mm from the base joint. It is important to con-
sider the cylindrical volume directly above and directly below the robot base when a mounting
place for the robot is chosen. Moving the tool close to the cylindrical volume should be avoided
if possible, because it causes the joints to move fast even though the tool is moving slowly,
causing the robot to work inefficiently and making it difficult to conduct a risk assessment.
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4.3

Mounting

Robot Arm The robot arm is mounted using four M8 bolts, using the four 8.5 mm holes on the
base. It is recommended to tighten these bolts with 20N m torque. If very accurate reposition-
ing of the robot arm is desired, two I8 holes are provided for use with a pin. Also, an accurate
base counterpart can be purchased as an accessory. Figure 4.1 shows where to drill holes and
mount the screws.

The robot connector cable can be mounted through the side or through the bottom of the base.
Mount the robot on a sturdy surface strong enough to withstand at least ten times the full torque
of the base joint and at least five times the weight of the robot arm. Furthermore the surface shall
be vibration free.
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If the robot is mounted on a linear axis or a moving platform then the acceleration of the moving
mounting base shall be very low. A high acceleration might cause the robot to stop, thinking it
bumped into something.

DANGER:

¢ Make sure the robot arm is properly and securely bolted in
place. The mounting surface shall be sturdy.

¢ Remember to insert the rubber plugs in all mounting holes in
the robot base to avoid entrapment of fingers.

CAUTION:

If the robot is bathed in water over an extended time period it
might be damaged. The robot should not be mounted in water
or in a wet environment.

Tool The robot tool flange has four M6 thread holes for attaching a tool to the robot. The M6
bolts need to be tightened with 9 N m. If very accurate repositioning of the tool is desired, the
J6 hole is provided for use with a pin. Figure 4.2 shows where to drill holes and mount the

SCrews.

DANGER:
1. Make sure the tool is properly and securely bolted in place.

2. Make sure that the tool is constructed such that it cannot cre-

ate a hazardous situation by dropping a part unexpectedly.

Control Box The control box can be hung on a wall, or it can be placed on the ground. A
clearance of 50 mm on each side is needed for sufficient airflow. Extra brackets for mounting
can be bought.

Teach Pendant The teach pendant can be hung on a wall or on the control box. Extra brackets
for mounting the teach pendant can be bought. Make sure that no one can trip over the cable.

DANGER:

1. Make sure that the control box, teach pendant, and cables do
not come into contact with liquids. A wet control box could
cause death.

2. The control box and teach pendant must not be exposed to
dusty or wet environments that exceed IP20 rating. Pay spe-
cial attention to environments with conductive dust.
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Figure 4.1: Holes for mounting the robot. Use four M8 bolts. All measurements are in mm.
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Figure 4.2: The tool output flange, ISO 9409-1-50-4-M6. This is where the tool is mounted at the tip of
the robot. All measures are in mm.
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4.4 Maximum Payload

The maximum allowed payload of the robot arm depends on the center of gravity offset, see figure
4.3. The center of gravity offset is defined as the distance between the center of the tool output

flange and the center of gravity.

Payload [kg]

I I I I
0 200 400 600 800

Center of gravity offset
[mm]

Figure 4.3: Relationship between the maximum allowed payload and the center of gravity offset.
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3.1 Introduction
This chapter describes all the electrical interfaces of the robot arm and control box.

The different interfaces are divided into five groups with different purposes and properties:

Controller I/0O
ToolI/O

°

Ethernet

¢ Mains connection

Robot connection

The term I/O refers both digital and analog control signals going from or to an interface.

These five groups are described in the following sections. Examples are given for most types of
I/0.

The warnings and cautions in the following section are relevant for all five groups and must be
observed.

5.2 Electrical warnings and cautions

The following warnings and cautions must be observed when a robot application is designed
and installed. The warnings and cautions also apply for service work.

DANGER:

1. Never connect safety signals to a PLC which is not a safety
PLC with the correct safety level. Failure to follow this warn-
ing could result in serious injury or death as the safety func-
tions could be overridden. It is important to keep safety inter-

face signals separated from the normal I/O interface signals.

2. All safety-related signals are constructed redundantly (Two
independent channels). Keep the two channels separate so
that a single fault cannot lead to loss of the safety function.

3. Some I/0 inside the control box can be configured for either
normal or safety-related I/O. Read and understand the com-

plete section 5.3.
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DANGER:

1. Make sure that all equipment not rated for water exposure
remains dry. If water is allowed to enter the product, lockout

and tagout all power and then contact your supplier.

2. Use original cables supplied with the robot only. Do not use
the robot for applications where the cables will be subjected
to flexing. Contact your supplier if longer or flexible cables
are needed.

3. Negative connections are referred to as GND and are con-
nected to the shield of the robot and the controller box. All
mentioned GND connections are only for powering and sig-
nalling. For PE (Protective Earth) use the M6 sized screw con-
nections marked with earth symbols inside the control box.
The grounding conductor shall have at least the current rat-

ing of the highest current in the system.

4. Care must be taken when installing interface cables to the
robot I/O. The metal plate in the bottom is intended for inter-
face cables and connectors. Remove the plate before drilling
the holes. Make sure that all shavings are removed before

reinstalling the plate. Remember to use correct gland sizes.

CAUTION:

1. The robot has been tested according to international IEC stan-
dards for EMC (ElectroMagnetic Compatibility). Disturbing
signals with levels higher than those defined in the specific
IEC standards can cause unexpected behavior of the robot.
Very high signal levels or excessive exposure can damage the
robot permanently. EMC problems are found to happen usu-
ally in welding processes and are normally prompted by error
messages in the log. Universal Robots cannot be held respon-
sible for any damages caused by EMC problem:s.

2. 1/0 cables going from the control box to other machinery and

factory equipment may not be longer than 30m, unless ex-

tended tests are performed.

NOTE:
All voltages and currents are in DC (Direct Current) unless other-
wise specified.
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5.3

Controller 1/0

This chapter explains how to connect equipment to I/O inside the control box. This I1/0 is
extremely flexible and can be used for wide range of different equipment; including pneumatic
relays, PLCs and emergency stop buttons.

The illustration below shows the layout of electrical interface inside the control box.

Safety Remote Power C Inputs C Outputs Digital Inputs Digital Outputs Analog
. [2av M| |12V (H| PWR|H| 24V |24V (H| | oV ||| oV || |24V |H|[24V |H| |0V [H|| 0oV (H AG |H
"/ci EI0 |IM| [GND || [GND || [Cl0o [I|[CI4 || [COO|M|(CO4 (M| (D0 [I|[D14 || |DOO | |[DO4 |l é A0 |l
S [24v || [on [m] [24v [m] [24v [m][24v [m] [ov [m]|[ov [m] [24v [m][24v |m] [ov [m][ov [m :E’ AG |H
E E || (OFF || (ov M| [CI1 |[H|[CI5 M| [CO1|/M|/cO5/M| [DI1 [I|[DI5 || |DO1|H|[DO5 M <|A1 (W

24v |H 24v |H||24V |H| [ov [H|{ov M| [24V [H|[24V |H| oV (H| oV H AG |H
glsio [m Cl2 (H|(Cl6 (| |CO2|H||CO6|H| |DI2 |l||Di6 (| DO2 | ||DO6 | §AOO u
1%24V ] 24V |H||24v |H| [ov [H|[ov || |24V |H||24V |H| oV |H| oV |H 2 AG |H
HEL CI3 (H|(Cl7 (H| |CO3|H||CO7|H| |DI3|H|(DI7 (| |DO3|H||DO7 (W £ a0 | M

The meaning of the different colors must be observed, see below.
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 I/0

The configurable I/O can be configured as either safety-related I/O or general purpose I/0 in
the GUI. See more in part IL.

How to use the digital I/O is described in the following subsections. The section describing the
common specifications must be observed.

5.3.1

Common specifications for all digital 1/0

This section define electrical specifications for the following 24V digital I/O of the control box.

¢ Safety 1/0.
¢ Configurable I/0.
* General purpose I/0.

It is very important that UR robots are installed according the electrical specifications, which
are the same for all three different kinds of 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 termi-
nals. 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 is to use the internal power supply, see below.

Power

PWR |

oD (Il
24v [

oV

If more current is needed, an external power supply can be connected as shown below.
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The electrical specifications for both the internal and an external power supply are shown 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 - 0V] Voltage 20 24 29 \Y%
[24V - 0V] Current 0 - 6 A

The digital I/O are constructed in compliance with IEC 61131-2. The electrical 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 Vv
[EIx/SIx/CIx/DIx] OFF region -3 - 5 \%
[EIx/SIx/CIx/DIx] ON region 11 - 30 A\
[EIx/SIx/CIx/DIx] Current (11-30V) 2 - 15 mA
[EIx/SIx/CIx/DIx] Function - PNP - Type
[EIx/SIx/CIx/DIx] IEC61131-2 - 3 - Type

Note: *For resistive loads or inductive loads of maximum 1H.

NOTE:
The word configurable is used for I/O that can be configured as
either safety-related I/O or normal I/O. These are the yellow ter-

minals with black text.

5.3.2 Safety 1/0

This section describes the dedicated safety inputs (Yellow terminal with red text) and the con-
figurable I/O (Yellow terminals with black text) when configured as safety I/O. The common
specifications in section 5.3.1 must be observed.
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Safety devices and equipment must be installed according to the safety instructions and the risk

assessment (see chapter 1).

All safety I/O are pairwise (redundant) and must be kept as two separate branches. A single
fault shall not cause loss of the safety function.

The two permanent safety inputs are the Robot Emergency Stopandthe Safeguard Stop.
The Robot Emergency Stop input is for emergency stop equipment only. The Safeguard Stop
input is for all kinds of safety-related protective equipment. The functional difference is shown

below.
Emergency Stop Safeguard Stop

Robot stops moving Yes Yes
Program execution Stops Pauses
Robot power Off On
Reset Manual Automatic or manual
Frequency of use Infrequent Every cycle to infrequent
Requires re- Brake release only No
initialization
Stop Category 1 2
(IEC 60204-1)
Performance level of
monitoring  function PLd PLd

(ISO 13849-1)

It is possible to use the configurable I/O to set up additional safety I/O functionality, e.g. emer-
gency stop output. Configuring a set of configurable I/O for safety functions are done through
the GUI, see part II.

Some examples of how to use safety I/O are shown in the following subsections.

DANGER:

1. Never connect safety signals to a PLC which is not a safety
PLC with the correct safety level. Failure to follow this warn-
ing could result in serious injury or death as the safety func-
tions could be overridden. It is important to keep safety inter-
face signals separated from the normal I/O interface signals.

2. All safety-related I/0O are constructed redundantly (Two in-
dependent channels). Keep the two channels separate so that

a single fault cannot lead to loss of the safety function.

3. Safety functions must be verified before putting the robot into
operation. Safety functions must be tested regularly.

4. The robot installation shall conform to these specifications.
Failure to do so could result in serious injury or death as the
safety function could be overridden.
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5.3.2.1 Default safety configuration

The robot is shipped with a default configuration which enables operation without any addi-
tional safety equipment, see illustration below.

Safety
24V
EIO
24V
El1
24V
SI0
24V
Si1

Emergency Stop

Safeguard Stop

5.3.2.2 Connecting emergency stop buttons

In most applications it is required to use one or more extra emergency stop buttons. The illus-
tration below shows how one or more emergency stop buttons can be connected.

Safety Safety

"GN G

24V 24V
Ei |

24v [ N> } zEz::/‘ ‘T ‘T

Emergency Stop
Emergency Stop

SI0 SI0
24V 24V
S S

Safeguard Stop
Safeguard Stop

5.3.2.3 Sharing emergency stop with other machines

It is often desired to set up a common emergency stop circuit when the robot is used together
with other machines. By doing so, the operator does not need to think about which emergency
stop buttons to use.

The Robot Emergency Stop input cannot be used for sharing purposes, since both machines will
wait for the each other to go out of the emergency stopped condition.

In order to share the emergency stop function with other machinery, the following configurable
I/0 functions must be configured through the GUI.

¢ 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”.

[/

Configurable Jfiputs/” Configurable Outputs Configurable Inputs onflyurable Outputs

24V l}éy& H| o m[ovm ; 24v (M |[24v |m]| [ 4 \m|[ov [
cio [d||£4 [m| [coo[m]||cos|m A : B cio [j|[ci4 [m| [cop|M|[cos|m
24v [m}[24v (M| [ov ov |m : 24v Jl|[24v |m| [ ov\m|[ov [m
ci [d|[ci5 [m| [co1[m)cos|m ciy/|p|[ci5 [m| [co1[M||cos|m
24v [m|[24v [m]| [ov [m\ov [m 240/ /i ||24v (M| [ov [m|[ov [m
ci2 M |[cie (M| [co2|m\dps|m f12//m|(cie [m| [co2|m|(cos|m
24v (M |[24v (]| [ov [m|N\o\ (M fof |m|2av M| [ov [m| oV [m
ci3 [m|{ci7 [m] [co3|m]||Cp\ B\ £i3[m|[c7 [m| [co3[m|[co7|m

A
)

AN\
Y
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If more than two UR robots or other machines need to be connected, a safety PLC is needed to

control the emergency stop signals.

5.3.2.4 Safeguard stop with automatic resume

An example of a basic safeguard stop device is a door switch where the robot is stopped when

a door is opened, see illustration below.

Safety
24V
EIO
24V
El1
24V
SI0

24V | EN_ J2
SI1

/ A

Emergency Stop

Safeguard Stop

This configuration is only intended for application where the operator cannot pass the door and

close it behind him. The configurable I/O can be used to setup a reset button outside the door,

to reactivate robot motion.

Another example where automatic resume can be appropriate is when using a safety mat or a

safety-related laser scanner, see below.

24V

EIO

24v |l

24V

o [m

Emergency Stop

EN

24V

/ ol (W]

SI0

24V

Safeguard Stop

Si1

eelpannnn

DANGER:

1. The robot resumes movement automatically when the safe-
guard signal is re-established. Do not use this configuration
if signal can be re-established from the inside of the safety

perimeter.

5.3.2.5 Safeguard stop with reset button

If the safeguard interface is used to interface 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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524V | 24V 2vim| |\ (4 A - oV '
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5.3.2.6 Three-Position Enabling Device

The illustration below shows how to connect a Three-Position Enabling Device. See section 10.13.1
for more about Three-Position Enabling Device.

NOTE:
The Universal Robots safety system does not support multiple
Three-Position Enabling Devices.

Coriifprat FPition Switch
n —

Cing -
e r

S E

[ ] —

[ ] n

mil\m

m[\

NS
J

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

5.3.3 General purpose digital /0

This section describes the general purpose 24V I/O (Gray terminals) and the configurable I/0O
(Yellow terminals with black text) when not configured as safety I/O. The common specifica-
tions in section 5.3.1 must be observed.

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
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program execution is stopped, see more in part II. 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.

5.3.3.1 Load controlled by a digital output

This example shows how to connect a load to be controlled from a digital output, see below.

v \_‘
Digital Outputs 4
ov (H|| ov ‘ LOAD.
DOO|H | (DO4| '
ov |H|l ov
DO1/ M ||DO5| W __Jel
ov | H| oviE
DO2(H |(DO6|
oV HiovH
DO3|(H|(pDO7|H

5.3.4 Digital input from a button

The example below shows how to connect a simple button to a digital input.

Digital Inputs
2av[H|[2av]m
pio|H|[pia
24av|H||2av|Hl T
pi1|m|[pi5| | I T ]
24av|H|[2av|m)
pi2|m|[pie|m| \ ,
24av|H|[2av|m
pi13[H|[DI17|m

5.3.5 Communication with other machines or PLCs

The digital I/O can be used to communicate with other equipment if a common GND (0V) is

established and if the machine uses PNP technology, see below.

/ E Rigital Inputs Didital Outputs

Digital Inputs Digitaf Outputs |
24v[m|[2av/m| [ov [di|| ov|m/ . 2av)|[2av[m| [ov ][ ov|m
pio|H|[pi1a|m| [poo/m||poa|El A : B pio|M|[p1a[m| [poo/m||poa|m
24v|H||{2av(m| [ov [m|[ ov|m ; 24v|H|[2av(H| [ov [m|| ov|m
pi1|m|[pis|m| [poim|[pos|m ; pi1|m|[pi5|m| [po1m||pos|m
24v|H|[2av/H| [ov (H|[ ov|m 24V|H |[2av/H| [ov (H|[ ov|m
pi2|H|[pi6e|m| [po2/m||poe/ W pi2|H||[pi6[m| [po2[m||pos/m
24V|H|(24Vv/H| (OV |H| oV H 24V|H ||24V/H| (ovV |H || oV |H
Di3[H||D17|R| [po3[m||po7|m DI3[M||[D17|H| [po3[W||po7|m

/

/

5.3.6 General purpose analog I/O

The analog I/O interface is the green terminal. It can be used to set or measure voltage (0-10V)
or current (4-20mA) from and to other equipment.

The following is recommended to achieve the highest accuracy.

¢ Use the AG terminal closest to the I/O. The pair share a common mode filter.
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® Use the same gnd (0V) for equipment and control box. The analog I/0 is not galvanically
isolated from the control box.

e Use a shielded cable or twisted pairs. Connect the shield to the “GND” terminal at the

terminal called “Power”.

¢ Use of equipment that works in current mode. Current signals are less sensitive to inter-

ferences.

Input modes can be selected in the GUI, see part II. The electrical specifications are shown below.

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 Vv
[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 AV
[AOxX — AG] Resolution - 12 - bit
Analog output in voltage mode

[AOx - AG] Voltage 0 - 10 Vv
[AOx — AG] Current -20 - 20 mA
[AOx — AG] Resistance - 1 - ohm
[AOX — AG] Resolution - 12 - bit

The following examples show how to use the analog I/O.

5.3.6.1 Using an analog output

Below is an example of how to control a conveyor belt with an analog speed control input.

O
cee

g
g

>
®

Al0
AG
Al
AG
AOO
AG
AO1

Analog Inputs

Analog Outputs

Power
PWR
GND
24v (H

ov |l

5.3.6.2 Using an Analog Input

Below is an example of how to connect an analog sensor.
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Analog
AG
Al0
AG
Al
AG
ACO
AG
AO1

Analog Inputs

T T

Analog Outputs

Power
PWR (Il
GND
24v (H
ov |l

5.3.7 Remote ON/OFF control

Remote ON/OFF control can be used to turn the control box on and off without using the teach
pendant. It is typically used in the following applications:

* When the teach pendant is inaccessible.

e When a PLC system must have full control.

* When several robots must be turned on or off at the same time.
The remote ON/OFF control provides a small auxiliary 12V supply, which is kept active when
the controller box is turned off. The “on” and “off” inputs are intended for short time activation
only. The “on” input works in the same way as the power button. Always use the “off” input

for remote “off” control as this signal allows the control box to save open files and shut down

correctly.

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 A\
[ON / OFF] Active voltage 5 - 12 \%
[ON / OFF] Input current - 1 - mA
[ON] Activation time 200 - 600 ms

The following examples show how to use remote ON/OFF.

NOTE:
A special feature in the software can be used to load and start pro-
grams automatically, see part II.

CAUTION:

1. Never use the “on” input or the power button to turn off the
control box.
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5.3.7.1 Remote ON button

The illustration below shows how to connect a remote on button.

Remote )/

12V

GND

ON

OFF

=\

~

/..

P2

------- |

5.3.7.2 Remote OFF button

The illustration below shows how to connect a remote off button.

Remote J/

12v

GND

ON

OFF

Ry

/..

P

------- |

5.4 Tool /O

At the tool end of the robot there is a small connector with eight pins, see illustration below.

This connector provides power and control signals for grippers and sensors used on a specific

robot tool. The following industrial cables are suitable:

* Lumberg RKMV 8-354.

NOTE:

of 0.4Nm.

The Tool Connector must be manually tightened up to a maximum

The eight wires inside the cable have different colors. The different colors designate different

functions, see table below:

Color Signal
Red 0V (GND)
Gray  0V/+12V/+24V (POWER)
Blue Tool output 0 (TO0)
Pink Tool output 1 (TO1)
Yellow Tool input 0 (TIO)
Green Tool input 1 (TI1)
White Analog input 2 (Al2)
Brown Analog input 3 (AI3)
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The internal power supply can be set to either 0V, 12V or 24V at the /O tab the GUI, see part II.
The electrical specifications are shown below:

Parameter Min Typ Max Unit
Supply voltage in 24V mode - 24 - A%
Supply voltage in 12V mode - 12 - \%
Supply current in both modes* - - 600 mA

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

The following sections describe the different I/O’s of the tool.

DANGER:

1. Connect tools and grippers such that an interruption of
power does not create any hazards, e.g., a work-piece falling
out of the tool.

2. Take care when using 12V, since an error made by the pro-
grammer can cause the voltage to change to 24V, which might
damage the equipment and cause a fire.

NOTE:
The tool flange is connected to GND (same as the red wire).

5.4.1 Tool Digital Outputs

The digital outputs are implemented as NPN. When a digital output is activated the correspond-
ing connection is driven to GND, and when it is deactivated the corresponding connection is
open (open-collector/open-drain). The electrical specifications are shown below:

Parameter Min Typ Max Unit
Voltage when open -0.5 - 26 \%
Voltage when sinking 1A - 0.05 020 V
Current when sinking 0 . 600 mA
Current through GND 0 - 600 mA

An example of how to use a digital output is shown in the following subsection.

CAUTION:

1. The digital outputs in the tool are not current limited and
overriding the specified data can cause permanent damage.
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5.4.1.1 Using the Tool Digital Outputs
The example below illustrates how to turn on a load, when using the internal 12V or 24V power
supply. Remember that you have to define the output voltage at the I/O tab. Keep in mind that
there is voltage between the POWER connection and the shield /ground, even when the load is
turned off.

5.4.2 Tool Digital Inputs

The digital inputs are implemented as PNP with weak pull-down resistors. This means that a
floating input will always read low. The electrical specifications are shown below.

Parameter Min Typ Max Unit
Input voltage -0.5 - 26 \%
Logical low voltage - - 2.0 v
Logical high voltage 5.5 - - \Y
Input resistance - 47k - Q

An example of how to use a digital input is shown in the following subsection.

5.4.2.1 Using the Tool Digital Inputs

The example below shows how to connect a simple button.

5.4.3 Tool Analog Inputs

The tool analog inputs are non-differential and can be set to either voltage and current on the
I/0 tab, see part II. The electrical specifications are shown below.
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Parameter Min Typ Max Unit
Input voltage in voltage mode -05 - 26 \
Input resistance @ range 0V to 10V - 15 - kO
Resolution - 12 - bit
Input voltage in current mode -0.5 - 5.0 \%
Input current in current mode -2.5 - 25 mA
Input resistance @ range 4mA to 20mA - 200 - @)
Resolution - 12 - bit

Two examples of how to use analog inputs are shown in the following subsections.

CAUTION:

1. Analog inputs are not protected against over voltage in cur-
rent mode. Overrating the limit in the electrical specification
can cause permanent damage to the input.

5.4.3.1 Using the Tool Analog Inputs, Non-differential
The example below shows how to connect an analog sensor with a non-differential output. The
output of the sensor 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. Remember to check that a sensor with voltage output

can drive the internal resistance of the tool, or the measurement might be invalid.

POWER

Bl

Al2

TR

5.4.3.2 Using the Tool Analog Inputs, Differential
The example below shows how to connect an analog sensor with a differential output. Connect
the negative output part to GND (0V) and it works in the same way as a non-differential sensor.

POWER

e

GND

5.5 Ethernet

An Ethernet connection is provided at the bottom of the control box, see illustration below.
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The Ethernet interface can be used for the following;:

¢ MODBUS I/0O expansion modules. See more in part II.

¢ Remote access and control.

The electrical specifications are shown below.

Parameter Min Typ Max Unit
Communication speed 10 - 1000 Mb/s

5.6

Mains connection

The mains cable from the controller box has a standard IEC plug in the end. Connect a country
specific mains plug or cable to the IEC plug.

In order to energize the robot, the control box must be connected to the mains. This must be
done through the standard IEC C20 plug at the bottom of the control box through a correspond-
ing IEC C19 cord, see illustration below.

The mains supply shall be equipped with the following as a minimum:

¢ Connection to earth.

* Main fuse.

* Residual current device.
It is recommended to install a main switch to power off all equipment in the robot application
as an easy means for lockout and tagout under service.

The electrical specifications are shown in the table below.

Parameter Min Typ Max Unit
Input voltage 100 - 265 VAC
External mains fuse (@ 100-200V) 15 - 16 A
External mains fuse (@ 200-265V) 8 - 16 A
Input frequency 47 - 63 Hz
Stand-by power - - 0.5 \
Nominal operating power 9 250 500 W
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DANGER:

1. Make sure that the robot is grounded correctly (Electrical
connection to earth). Use the unused bolts associated with
grounding symbols inside the controller box to create com-
mon grounding of all equipment in the system. The ground-
ing conductor shall have at least the current rating of the high-
est current in the system.

2. Make sure that the input power to the controller box is pro-
tected with a RCD (Residual Current Device) and a correct
fuse.

3. Lockout and tagout all power for the complete robot installa-
tion during service. Other equipment shall not supply volt-
age to the robot I/O when the system is locked out.

4. Make sure that all cables are connected correctly before the
controller box is powered. Always use an original and correct

power cord.

5.7 Robot connection

The cable from the robot must be plugged into the connector at the bottom of the control box,
see illustration below. Ensure that the connector is properly locked before turning on the robot
arm. Disconnecting the robot cable may only be done when the robot power is turned off.

CAUTION:

1. Do not disconnect the robot cable when the robot arm is

turned on.

2. Do not extend or modify the original cable.
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You must perform maintenance and repair work in compliance with all safety instructions in

this manual.

You must perform maintenance, calibration and repair work according to the latest versions of

Service Manuals on the support website http://www.universal-robots.com/support.
Only authorized system integrators, or Universal Robots, shall perform repairs.

All parts returned to Universal Robots shall be returned according to the service manual.

6.1 Safety Instructions

After maintenance and repair work, checks must be done to ensure the required safety level.
Checks must adhere to valid national or regional work safety regulations. The correct function-
ing of all safety functions shall also be tested.

The purpose of maintenance and repair work is to ensure that the system is kept operational
or, in the event of a fault, to return the system to an operational state. Repair work includes

troubleshooting in addition to the actual repair itself.

When working on the robot arm or control box, you must observe the procedures and warnings
below.

DANGER:

1. Do not change anything in the safety configuration of the
software (e.g. the force limit). The safety configuration is de-
scribed in the PolyScope Manual. If any safety parameter is
changed, the complete robot system shall be considered new,
meaning that the overall safety approval process, including
risk assessment, shall be updated accordingly.

2. Replace faulty components using new components with the
same article numbers or equivalent components approved by

Universal Robots for this purpose.

3. Reactivate any deactivated safety measures immediately after
the work is completed.

4. Document all repairs and save this documentation in the tech-
nical file associated with the complete robot system.
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DANGER:

1. Remove the mains input cable from the bottom of the control
box to ensure that it is completely unpowered. Deenergize
any other source of energy connected to the robot arm or con-
trol box. Take necessary precautions to prevent other persons
from energizing the system during the repair period.

2. Check the earth connection before re-powering the system.

3. Observe ESD regulations when parts of the robot arm or con-
trol box are disassembled.

4. Avoid disassembling the power supplies inside the control
box. High voltages (up to 600 V) can be present inside these
power supplies for several hours after the control box has
been switched off.

5. Prevent water and dust from entering the robot arm or control
box.
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UR robots must be disposed of in accordance with the applicable national laws, regulations and
standards.

UR robots are produced with restricted use of hazardous substances to protect the environment;
as defined by the European RoHS directive 2011/65/EU. These substances include mercury,
cadmium, lead, chromium VI, polybrominated biphenyls and polybrominated diphenyl ethers.

Fee for disposal and handling of electronic waste of UR robots sold on the Danish market is pre-
paid 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. A list of national registers can be found

here: https://www.ewrn.org/national-registers.

The following symbols are affixed on the robot to indicate conformity with the above legisla-
tions:

E— Ro H S Iead-free”
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This chapter presents certificates and declarations prepared for the product.

8.1 Third Party Certification

Third party certification is voluntary. However, to provide the best service to robot integrators,

UR chooses to certify our robots at the following recognized test institutes:

>

TUVRheinland

S

TUV NORD

UR robots are safety approved by TUV NORD,
a notified body under the machinery directive
2006/42/EC in EU. You can find a copy of
the TUV NORD safety approval certificate in
appendix B.

TUV RheinlandUR robots are safety approved by TUV Rhein-

DELTA

TUV SUD

CHINA RoHS

KCC Safety

land a notified body under the machinery direc-
tive 2006/42/EC in EU. You can find a copy of the
TUV Rheinland certificate in appendix B.

UR robots are performance tested by DELTA. You
can find electromagnetic compatibility (EMC) and

environm