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Congratulations on the purchase of your new Universal Robots robot, UR5.

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

* Mains cable or Power cable compatible to your region
¢ EUROMAP 67 cable

e Stylus pen with laser

e This manual

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.
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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.

EUROMAP 67 Interface: Using the EUROMAP 67 interface.

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.

UR5/CB3 X Version 3.12
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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 3.12 I-3 UR5/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.

> DB B bbb

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.

UR5/CB3 I-4 Version 3.12



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 3.12 I-5 UR5/CB3

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.



UNIVERSAL ROBOTS 1.5 General Warnings and Cautions

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.

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.

UR5/CB3 I-6 Version 3.12
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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 3.12
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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.
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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.
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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 3.12 I-11 UR5/CB3
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UNIVERSAL ROBOTS 2.3 Limiting Safety-related Functions

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 (5 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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UNIVERSAL ROBOTS 2.4 Safety Modes

200 mm

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 750 mm from the base of the robot. The other area is within 200 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.

UR5/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 UR5 robot extends 850 mm from the base joint. It is important to consider
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:

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

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 9N 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.
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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]

6

0 100 200 300 400 500 600

Center of gravity offset
[mm]

Figure 4.3: Relationship between the maximum allowed payload and the center of gravity offset.
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5.1

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.
Electrical signals through the E67 interface are described in part III.

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
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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 Pauses 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 |

o AN 54 wlal ‘FHH

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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Safety C Jinput:
_|2av |m 24V 24v |H 24V ov (M N\_ \, | [======"
3 [E0 [m col|[cu |m 24v [l
5’24‘/ | 24V 2viml 00000 0 1A ] | memmm——— o [
& [En [mf ch ci5 |m
24v |l oav Ml[2aviml 200\ Ll | | [=====
g[si0 ci2 |m|[ce |[m
§ |24V 24v (H|[24v (W | [ ==m———- |
3 [si ci3|H||cl7 |m

n
\ —d

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.

Confpurablf inputs 3-Position Switch
24V 24v |H !
cio[ mH<u [m Z

24v N |[24v) W — —]
Cl1 [ECI5)|

24v (M |[2pv]E — —
ci2 |H||{¢o| M

24v |H |24V

ci3 |H||C

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/0O (Gray terminals) and the configurable I/O
(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
program execution is stopped, see more in part II. In this mode, the output is always low when
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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.

y \‘
Digital Outputs 4
ov [m|| ov|s o
Doo|H||Do4|
ov |H|| ov
DO1/ M |[pO5| W ]
ov |H| ov|m
DO2|H||DO6|
ov |H| ov|m
DO3(H|[po7|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
24v|H|[24av|m
pIo|H||DI4
24av|m||2av|Hl T
DI1|H||DI5| I I ]
24av|H|[2av|m)
DI2|H||(Dl6| \ n
24v|H||{24av|m
DI3|W||DI7|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.

/ / Rigital Inputs \Diﬁtal Outputs

Digital Inputs Digitaf Outputs |
24v[m|[2av[m| [ov [d][ ov]m/ . 24vim|[[2av[m| [ov [M][ ov[m
pio|m|[pia[m| [poo/m||poa| A : B pio|M|[p1a[m| [poo/m||poa|m
24v|H|[2av/m| [ov [m|[ ov|m : 24v|H|[2av(m| [ov [m|| ov|m
pi1|m||[pi5|m| [po1/m||[pos|m ; pi1|m|[pi5|m| [po1/m||pos|m
24V|H|(24Vv/H| (OV |H| oV H 24V|H ||24V/H| (ovV |H || oV |H
pi2|H||Di6| M| [pO2| M ||DO6| W piI2|H|(Di6|H| [pO2/W||DO6| M
24av/m|[2av/m| [ov [m|[ ov|m 24av/m|[2av(m| [ov [m|[ ov|m
p13[m|[pi7[R| [po3|m]||po7[m pi13|m|[pi7[H| [po3[m|[po7[m

/

4

5.3.6 General purpose analog I/O

The analog 1/0 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.

Version 3.12 1-39 UR5/CB3

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.

UNIVERSAL ROBOTS 5.4 Tool I/0

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.

Version 3.12 1-41 UR5/CB3

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.



Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.

UNIVERSAL ROBOTS 5.6 Mains connection

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) 8 - 16 A
External mains fuse (@ 200-265V) 8 - 16 A
Input frequency 47 - 63 Hz
Stand-by power - - 0.5 \
Nominal operating power 9 150 325 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

environmental test certificates in appendix B.

UR robots are cleanroom tested by TUV SUD. You
can find a cleanroom certificate in appendix B.

UR robots conform to CHINA RoHS management
methods for controlling pollution by electronic in-
formation products. You can find a copy of the
Product Declaration Table in appendix B

UR robots conform to Korea KC Mark Certifica-
tion standards for product safety. You can find a
copy of the KCC Safety certificate in appendix B
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UNIVERSAL ROBOTS 8.4 Declarations According to EU directives

8.2 Supplier Third Party Certification

+ Environment As provided by our suppliers, UR robots ship-
@ ping pallets comply with the ISMPM-15 Danish
requirements for producing wood packaging ma-
terial and are marked in accordance with this

scheme.

8.3

Manufacturer Test Certification

UR UR robots undergo continuous internal testing
and end of line test procedures. UR testing pro-
cesses undergo continuous review and improve-

ment.

8.4

Declarations According to EU directives

Although they are primarily relevant for Europe, some countries outside Europe recognize
and/or require EU declarations. European directives are available on the official homepage:
http://eur-lex.europa.eu.

UR robots are certified according to the directives listed below.

2006/42/EC — Machinery Directive (MD)

According to the Machinery Directive 2006/42/EC, UR robots are partly completed machinery,
as such a CE mark is not affixed.

Note: If the UR robot is used in a pesticide application, you must note the presence of directive
2009/127/EC. The declaration of incorporation according to 2006/42/EC annex II 1.B. is shown
in appendix B.

2006/95/EC — Low Voltage Directive (LVD)

2004/108/EC — Electromagnetic Compatibility (EMC)

2011/65/EU — Restriction of the use of certain Hazardous Substances (RoHS)
2012/19/EU — Waste of Electrical and Electronic Equipment (WEEE)

In the Declaration of Incorporation in appendix B, declarations of conformity with the above
directives are listed.

A CE mark is affixed according to the CE marking directives above. Information on both electric
and electronic equipment waste is in chapter 7.

Information on standards applied during the development of the robot is in appendix C.
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Product Warranty

Without prejudice to any claim the user (customer) may have in relation to the dealer or retailer,

the customer shall be granted a manufacturer’s Warranty under the conditions set out below:

In the case of new devices and their components exhibiting defects resulting from manufactur-
ing and/or material faults within 12 months of entry into service (maximum of 15 months from
shipment), Universal Robots shall provide the necessary spare parts, while the user (customer)
shall provide working hours to replace the spare parts, either replace the part with another part
reflecting the current state of the art, or repair the said part. This Warranty shall be invalid if the
device defect is attributable to improper treatment and/or failure to comply with information
contained in the user guides. This Warranty shall not apply to or extend to services performed
by the authorized dealer or the customer themselves (e.g. installation, configuration, software
downloads). The purchase receipt, together with the date of purchase, shall be required as ev-
idence for invoking the Warranty. Claims under the Warranty must be submitted within two
months of the Warranty default becoming evident. Ownership of devices or components re-
placed by and returned to Universal Robots shall vest in Universal Robots. Any other claims
resulting out of or in connection with the device shall be excluded from this Warranty. Nothing
in this Warranty shall attempt to limit or exclude a Customer’s Statutory Rights nor the manu-
facturer’s liability for death or personal injury resulting from its negligence. The duration of the
Warranty shall not be extended by services rendered under the terms of the Warranty. Insofar
as no Warranty default exists, Universal Robots reserves the right to charge the customer for
replacement or repair. The above provisions do not imply a change in the burden of proof to the
detriment of the customer. In case of a device exhibiting defects, Universal Robots shall not be
liable for any indirect, incidental, special or consequential damages, including but not limited
to, lost profits, loss of use, loss of production or damage to other production equipment.

In case of a device exhibiting defects, Universal Robots shall not cover any consequential dam-
age or loss, such as loss of production or damage to other production equipment.

CAUTION:

It is generally advised to avoid the use of accelerations higher than
needed for a given application. High accelerations, especially in
combination with high loads, can lead to reduced life time of the
robot. For applications with short cycle times and high require-
ments for speed, it is generally advised to use blends as much as
possible to ensure smooth trajectories without the need for high

accelerations.

9.2 Disclaimer

Universal Robots continues to improve reliability and performance of its products, and there-

fore reserves the right to upgrade the product without prior warning. Universal Robots takes
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UNIVERSAL ROBOTS 9.2 Disclaimer

every care that the contents of this manual are precise and correct, but takes no responsibility
for any errors or missing information.
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The information about stopping times and distances is available for both Stop Catagory 0 and
Stop Category'! 1. This appendix includes the information regarding Stop Category 0. Informa-

tion on Stop Category 1 is available on http://universal-robots.com/support/.

A.1

Stop Category 0 stopping distances and times

The table below includes the stopping distances and times measured when a Stop Category 0 is
triggered. These measurements correspond to the following configuration of the robot:

¢ Extension: 100% (the robot arm is fully extended horizontally).

* Speed: 100% (the general speed of the robot is set to 100% and the movement is performed
at a joint speed of 183 °/s).

¢ Payload: maximum payload handled by the robot attached to the TCP (5 kg).

The test on the Joint 0 was carried out by performing a horizontal movement, i.e. the axis of
rotation was perpendicular to the ground. During the tests for Joint 1 and 2 the robot followed
a vertical trajectory, i.e. the axes of rotation were parallel to the ground, and the stop was
performed while the robot was moving downwards.

Stopping Distance (rad) Stopping time (ms)

Joint 0 (BASE) 0.31 244
Joint 1 (SHOULDER) 0.70 530
Joint 2 (ELBOW) 0.22 164

! According to IEC 60204-1, see Glossary for more details.
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B.1 EU Declaration of Incorporation in accordance with ISO/IEC
17050-1:2010

Manufacturer: Person in the Community Authorized to Compile the
Technical File:
Universal Robots A/S David Brandt
Energivej 25 Technology Officer, R&D
DK-5260 Odense S Denmark Universal Robots A/S

Energivej 25, DK-5260 Odense S
Description and Identification of the Partially-Completed Machine(s):

Product and Function: Industrial robot (multi-axis manipulator with Control
Box and Teach Pendant). Function is determined by the
completed

machine (with end-effector and intended use).

Model: UR3, UR5, UR10 with CB3 control box (UR3/CBS3,
UR5/CB3, UR10/CB3)

Serial Number: Starting 20183000000 and higher — Effective 1 January
2018

Incorporation: Universal Robots (UR3, UR5, and UR10) shall only be
put into service upon being integrated into a final com-

plete machine

(robot system, cell or application), which conforms with
the provisions of the Machinery Directive and other ap-
plicable Directives.

It is declared that the above products, for what is supplied, fulfil the following Directives as Detailed
Below:

I Machinery Directive 2006/42/EC — The following essential requirements have been fulfilled: 1.1.2,
1.1.3,1.15,1.21,1.243,1.26,134,138.1, 151, 152, 1.5.6, 1.5.10, 1.6.3, 1.7.2, 1.7.4, 4123 It is
declared that the relevant technical documentation has been compiled in accordance with Part B of
Annex VII of the Machinery Directive.

II Low-voltage Directive 2014/35/EU — Reference the LVD and the harmonized standards used be-
low.
III EMC Directive 2014/30/EU — Reference the EMC Directive and the harmonized standards used
below.
IV RoHS Directive 2011/65/EU — Reference the RoHS Directive 2011/65/EU

V WEEE Directive 2012/19/EU — Reference th WEEE Directive 2012/19/EU
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UNIVERSAL ROBOTSB.1 EU Declaration of Incorporation in accordance with ISO/IEC 17050-1:2010

Reference to Harmonized Standards Used:

(I) EN ISO 10218-1:2011 as ap-
plicable
(I) EN ISO 12100:2010

(I) EN ISO 13732-1:2008
(I) EN ISO 13849-1:2008 & 2015*

*Note: From the 2008 to the 2015
editions, there are no changes

relevant to our robots TUV Nord
Certificate 4478014097602

(I) EN ISO 13849-2:2012

(I) EN ISO 13850:2015

(I) EN 1037:1995+A1:2008
(IT) EN 60204-1:2006/ A1:2010

(I) EN ISO 13850:2015
(II) EN 60320-1:2001/ A1:2007

(IT) EN 60529:1991/ A2:2013

(I1) EN 60664-1:2007

(M) EN 60947-5-5:1997/
A11:2013

(IT) EN 61000-6-2:2005
(IIEN  61000-6-4:2007/
A1:2011

(IIEN 61131-2:2007

@ EN  61140:2002/
A1:2006

Reference to Other Technical Stan

dards and Specifications Used:

(I) ISO/TS 15066 as applicable

(I1T) IEC 60068-2-1:2007

(IIT) IEC 60068-2-2:2007

(IIT) IEC 60068-2-27:2008
(IIT) IEC 60068-2-64:2008

(I1) IEC 60664-5:2007

(IIT) IEC 61326-3-1:2008

(IT) IEC 61784-3:2010 [SIL2]
ISO 14664-1:2015 Class 5
for

control assembly with en-
closure

and Class 5 for UR3, UR5
and UR10 manipulators

The manufacturer, or his authorised representative, shall transmit relevant information
about the partly completed machinery in response to a reasoned request by the

national authorities.

Approval of full quality assurance system (ISO 9001), by the notified body

Bureau Veritas, certificate #DK008850.

Odense Denmark, 27 September 2018 [ :,, ./

/

C /S
/5 n A

Name:
Position/ Title

Roberta Nelson Shea
Global Technical Compliance Officer
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B.2 Safety System Certificate UNIVERSAL ROBOTS

B.2 Safety System Certificate

ZERTIFIKAT
CERTIFICATE

Hiermit wird bescheinigt, dass die Firma / This certifies, that the company

Universal Robots A/S
Energivej 25

DK-5260 Odense S
Denmark

berechtigt ist, das unten genannte Produkt mit dem abgebildeten Zeichen zu kennzeichnen.
is authorized to provide the product mentioned below with the mark as illustrated.

Fertigungsstélte: Universal Robots A/S

Manufacturing plant: Energivej 256 /\
DK-5260 Odense S TUV NORD
Denmark i o e

Beschreibung des Produktes: Universal Robots Safety System URSafety 3.1 | ‘

(Details s. Anlage 1) for UR10, UR5 and UR3 robots | eniso13sees

Description of product: e

(Details see Annex 1)

Gepriift nach: EN ISO 13849-1:2008, PL d

Tested in accordance with:

Registrier-Nr. / Registration No. 44 207 14097602 Gililtigkeit / Validity

Prufbericht Nr. / Test Report No. 3515 4327 von / from 2015-06-02

Aklenzeichen / File reference 8000443298 bis / until  2020-06-01

Zettifizierufigsstdlfe ddj TUV NORD CERT GmbH Essen, 2015-06-02

TUV NORD CERT GmbH Langemarckstraie 20 45141 Essen www.tuev-nord-cert.de technology@tuev-nord.de

Bitte beachten Sie auch die umseitigen Hinweise
Please also pay attention to the information stated overieaf
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UNIVERSAL ROBOTS

B.3 TUV Rheinland

B.3 TUV Rheinland

Certificate

Certificate no.

T 72190266 01

TUVRheinland

License Holder:

Universal Robots A/S

Energivej 25
5260 Odense S
Denmark

Manufacturing Plant:

Universal Robots A/S

Energivej 25
5260 Odense S
Denmark

Test report no.: USA-RB 31875333 002

Tested to:

EN ISO 10218-1:2011

Client Reference: Roberta Nelson Shea

Certified Product: Robot Manipulator and Controller

Model Designation: UR3, UR5, UR10

Rated Voltage:

Rated Current:

Protection Class:

AC 100-200V,
AC 200-240V,
15A or 8A

I

47-63HZ or
47-63Hz

License Fee - Units

7/

Special Remarks: Solely assessed per standard listed above.
The robot is only a component in a final robot application,

collaborative or non-collaborative. The final application

must comply with EN ISO 10218-2 accordingly.
Replaces Certificate T7218250.

Appendix: 1, 1-5

Licensed Test mark:

Date of Issue

(day/mo/yr)
- 01/02/2019
A EN ISO 102181
TOVRheinland
www.tuv.com
N\, 1D 0007000000
TUV Rheinland of North America, Inc., 12 Commerce Road, Newtown, CT 06470, Tel (203) 426-0888 Fax (203) 426-4009
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B.4 China RoHS UNIVERSAL ROBOTS

B.4 China RoHS

Management Methods for Controlling Pollution
by Electronic Information Products
Product Declaration Table
For Toxic or Hazardous Substances

R ABHFYEIATESTESETRET

;m:u;“ Toxic and Hazardous Substances and Elements A WG TR
7t SM_EH
21 xR &= Hexavalent | gﬂ;ﬁfm 4| Polybrominated
Lead (Pb) | Mercury (Hg) | Cadmium (Cd) | Chromium || OY°r° diphenyl ethers
P L e
UR Robots
UR1JURS I UR1D
UR#LE A
URIURSUR1D x 0 x D x x

01 Indicates that this toxic or hazardous subsiance contained in all of the homogenecus matenialg for this part is below the imit requirement in
SAHT11363-2006.
O RFEARAESNEEEEFMAREN RO BRENT N300 ENERERLT -

¥ Indicates that this toxic or hazardous subsiance contained in a1 least one of the homogensous maierials used for this part is above the Imit
requirement n S0T11363-2006.

EEFEEFEROEE M SR SRS REET 11380 EH EREE
(RUTEHE  FERERAN LEFTCNEAFEETE— 588 )

lteme below are wear-out teme and therefore can have wceful Ives lece than emironmental uee penod:

FHHERMER BME s SRS TR EERHE:

Drves, Gackets, Probes, Fikers, Ping, Cables, Stiffensr, Inerfaces

WEE, T, e, SRR Nie, 2, miE s, N

Riefer i preduct manual for detailed conditions of use.

FEERMRBERE=AF

Unrversal Robots encourages that all Electronic Information Products be recycled but does nat assume responsility or kabikly.

Univesgal Robots IEEN BB 5 RIRI ST ASIA T EE~ 8, {8 Universal Rebots TREAMES LS
T the maximum extent permitted by law, Customer shall be solely responsible for complying with, and shall otherwise assume all liabilties that may be
imposed in connection with, any legal requirements adopted by any governmental authority related to the Management Methods for Controling Pellution
by Electronic Information Products (Ministry of Information Industry Order £39) of the Peoples Republic of China othersise encouraging the recycle and
uze of electronic mformation products. Customer shall defend, mdemnafy and hold Unversal Robots harmless from any damage, claim or liability relating
thersta. At the time Custamer desires to disposs of the Products, Customer shall refer 1o and comply with the specific waste management instructions
and options st forth at hiipiwaw teradyne comiabout-teradynelcorporate-social-responshbility, as the same may be amendad by Teradyne ce Univerzal
Febots.
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UNIVERSAL ROBOTS B.5 KCC Safety

B.5 KCC Safety
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R e g e
Al Energivej 25, 5260 Odense S, Denmark
ALg ot el S At 7| A «F7dH AR =
—_ ==
& A T == N o
Ag el e 16-AB2EQ-00925 |
HZE=XA N i -
|=X} Universal Robots A/S

=R X|
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B.6 Environmental Test Certificate

UNIVERSAL ROBOTS

B.6 Environmental Test Certificate

i . . f] A PART OF
Climatic and mechanical assessment

Client Force Technology project no.
Universal Robots A/S 117-32120

Energivej 25

5260 Odense S

Denmark

Product identification

UR 3 robot arms

UR 3 control boxes with attached Teach Pendants.
UR 5 robot arms

URS control boxes with attached Teach Pendants.
UR10 robot arms:

URI10 control boxes with attached Teach Pendants.
See reports for details.

Force Technology report(s)
DELTA project no. 117-28266, DANAK-19/18069
DELTA project no. 117-28086, DANAK-19/17068

Other document(s)

Conclusion

The three robot arms UR3, URS and UR10 including their control boxes and Teach Pendants have been tested
according to the below listed standards. The test results are given in the Force Technology reports listed above. The
tests were carried out as specified and the test criteria for environmental tests were fulfilled in general terms with
only a few minor issues (see test reports for details).

IEC 60068-2-1, Test Ae; -5 °C, 16 h

IEC 60068-2-2, Test Be; +35°C, 16h

IEC 60068-2-2, Test Be; +50°C, 16 h

IEC 60068-2-64, Test Fh; 5 — 10 Hz: +12 dB/octave, 10-50 Hz 0.00042 g?/Hz, 50 — 100 Hz: -12 dB/octave, 1,66
grms, 3x 1¥2h

IEC 60068-2-27, Test Ea, Shock; 11 g, 11 ms, 3 x 18 shocks

Date Assessor

Hgrsholm, 25 August 2017 W %—

Andreas Wendelboe Hgjsgaard
M.Sc.Eng.

DELTA - a part of FORCE Technology - Venlighedsvej 4 - 2970 Harsholm - Denmark - Tel. +45 72 19 40 00 - Fax +45 72 19 40 01 - www.delta.dk
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B.7 EMC Test Certificate

f)

We help ideas meet the real world

Attestation of Conformity

EMC assessment - Certificate no. 1549

DELTA has been designated as Notified Body by the notified authority National Telecom Administration part
of the Energy Agency in Denmark to carry out tasks referred to in Annex Ill of the European Council EMC
Directive. The attestation of conformity is in accordance with the essential requirements set out in Annex |.

DELTA client
Universal Robots A/S
Energivej 25

5260 Odense S
Denmark

Product identification (type(s), serial no(s).)
UR robot generation 3, G3, including CB3/AE for models UR3, URS5 and UR10

Manufacturer
Universal Robots A/S

Technical report(s)

DELTA Project T207371, EMC Test of UR5 and UR10 - DANAK-19/13884, dated 26 March 2014
DELTA Project T209172, EMC Test of UR3 - DANAK-19/14667, dated 05 November 2014

UR EMC Test Specification G3 rev 3, dated 30 October 2014

EMC Assessment Sheet 1351

Standards/Normative documents

EMC Directive 2014/30/EU, Article 6

EN/(IEC) 61326-3-1:2008, Industrial locations, SIL 2 applications

EN/(IEC) 61000-6-2:2005

EN/(IEC) 61000-6-4:2007+A1 Venlighedsvej 4
2970 Harsholm

Denmark

DELTA

The product identified above has been assessed and complies with the specified standards/normative docu- Tel. +45 72 19 40 00
ments. The attestation does not include any market surveillance. It is the responsibility of the manufacturer

that mass-produced apparatus have the same EMC quality. The attestation does not contain any statements Fax +457219 40 01
pertaining to the EMC protection requirements pursuant to other laws and/or directives other than the above www.delta.dk

mentioned if any. VAT No. 12275110

Hgrsholm, 08 August 2016

K of. Tt

Knud A. Baltsen
Senior Consultant

20aocass-uk-j
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B.8 Cleanroom Test Certificates

UNIVERSAL ROBOTS

B.8 Cleanroom Test Certificates

CERTIFICAT

*
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CERTIFICATE
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ZERTIFIKAT

CERTIFICATE

Industrie Service

TUOV SUD Industrie Service GmbH hereby confirms UNIVERSAL
ROBOTS A/S situated at Energivej 25, 5260 Odense S; Danemark, that

the product

Roboter, Model: UR5 / Typ INDUSTRIAL

the cleanroom compatibility of the equipment for the ISO Class 5

according ISO 14644-1.

The certificate is limited to the particulate cleanliness. The product was

tested according to VDI 2083 Part 9.1 in August 2016.

The implementation of the testing and certification is carried out by TUV

SUD Industrie Service GmbH.

Certificate Nr.: 2589737-02
Report-Nr.: 203195-2
Valid till: August 2018

Dipl.-Ing. (FH) Walter Ritz

Berlin, 25. August 2016

TUV SUD Industrie Service GmbH
WittestraRe 30, Haus L, 13509 Berlin
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UNIVERSAL ROBOTS B.8 Cleanroom Test Certificates
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- Industrie Service
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3 CERTIFICATE
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n . .
<L TUV SUD Industrie Service GmbH hereby confirms UNIVERSAL
(&) ROBOTS A/S situated at Energivej 25, 5260 Odense S; Danemark, that
TS the product
=
o
[T Controller for UR3 & UR5 & UR 10
(&)
. the cleanroom compatibility of the equipment for the ISO Class 6
according 1ISO 14644-1.
L The certificate is limited to the particulate cleanliness. The product was
I:t tested according to VDI 2083 Part 9.1 in August 2016.
(&) .
— The implementation of the testing and certification is carried out by TUV
— SUD Industrie Service GmbH.
|
o
3 Certificate Nr.: 2589737-04
Report-Nr.: 203195
Valid till: August 2018

Dipl.-Ing. (FH) Walter Ritz

Berlin, 25. August 2016

TUV SUD Industrie Service GmbH
WittestralRe 30, Haus L, 13509 Berlin
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This section describes relevant standards applied under the development of the robot arm and control
box. Whenever a European Directive number is noted in brackets, it indicates that the standard is
harmonized according to that Directive.

A standard is not a law. A standard is a document developed by stakeholders within a given industry,

defining the normal safety and performance requirements for a product or product group.

Abbreviations mean the following:

ISO International Standardization Organization
1IEC International Electrotechnical Commission
EN European Norm

TS Technical Specification

TR Technical Report

ANSI  American National Standards Institute
RIA Robotic Industries Association

CSA  Canadian Standards Association

Conformity with the following standards is only guaranteed if all assembly instructions, safety instruc-
tions and guidance in this manual are followed.

ISO 13849-1:2006 [PLd]

ISO 13849-1:2015 [PLd]

ISO 13849-2:2012

EN ISO 13849-1:2008 (E) [PLd — 2006/42/EC]
EN ISO 13849-2:2012 (E) (2006/42/EC)

Safety of machinery — Safety-related parts of control systems
Part 1: General principles for design
Part 2: Validation

The safety control system is designed as Performance Level d (PLd) according to the requirements of
these standards.

ISO 13850:2006 [Stop Category 1]

ISO 13850:2015 [Stop Category 1]

EN ISO 13850:2008 (E) [Stop Category 1 - 2006/42/EC]
EN ISO 13850:2015 [Stop Category 1 - 2006/42/EC]

Safety of machinery — Emergency stop — Principles for design

The emergency stop function is designed as a Stop Category 1 according to this standard. Stop Category
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1 is a controlled stop with power to the motors to achieve the stop and then removal of power when the

stop is achieved.

ISO 12100:2010
EN ISO 12100:2010 (E) [2006/42/EC]

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

UR robots are evaluated according to the principles of this standard.

ISO 10218-1:2011
EN ISO 10218-1:2011(E) [2006/42/EC]

Robots and robotic devices — Safety requirements for industrial robots

Part 1: Robots

This standard is intended for the robot manufacturer, not the integrator. The second part (ISO 10218-2)

is intended for the robot integrator, as it deals with the installation and design of the robot application.

The writers of the standard implicitly envisioned traditional industrial robots, which are traditionally

safeguarded by fences and light curtains. UR robots are designed with force and power limiting enabled

at all times. Therefore, some concepts are clarified and explained below.

If a UR robot is used in a hazardous application, additional safety measures might be required, see

chapter 1 of this manual.

Clarification:

“3.24.3 Safeguarded space” is defined by the perimeter safeguarding. Typically, the safeguarded
space is a space behind a fence, which protects people from the hazardous traditional robots. UR
robots are designed to work without a fence using built-in power and force limiting collaborative
safety functions, and therefore without a hazardous safeguarded space defined by the perimeter of
a fence.

“5.4.2 Performance requirement”. All safety functions are constructed as PLd according to ISO 13849-
1:2006. The robot is constructed with redundant encoder systems in each joint, and the safety-rated
1/Os are constructed with a Category! 3 structure. The safety-rated 1/Os must be connected accord-
ing to this manual to Category 3 safety-rated equipment to form a PLd structure of the complete

safety function.

5.7 Operating modes”. UR robots do not have different operating modes and therefore they do not
have a mode selector.

“5.8 Pendant controls”. This section defines protective features for the teach pendant, when it is
to be used within a hazardous safeguarded space. Since UR robots are designed for collaborative
operation, there is no hazardous safeguarded space like with traditional robots. UR robots are safer
to teach than traditional robots. Instead of having to release a three-positioning enabling device,
the operator can simply stop the robot with his hand. If a UR robots is installed in a hazardous
safeguarded application, a three-positioning enabling device can be connected as instructed in this
manual. Additionally see clarification in ISO/TS 15066 clause 5.4.5.

“5.10 Collaborative operation requirements”. The power and force limiting collaborative safety

! According to I1SO 13849-1, see Glossary for more details.
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functions of UR robots are always active. The visual design of the UR robots indicates that the robots
are capable of being used for collaborative operations. The power and force limiting functions are
designed according to ISO 10218-1 clause 5.10.5. Additionally see clarification in ISO/TS 15066
clause 5.5.4.

e “5.12.3 Safety-rated soft axis and space limiting”. This safety function is one of more safety func-
tions configurable through software. A hash code is generated from the sittings of all these safety
functions and is represented as a safety check identifier in the GUL

ISO/TS 15066:2016

Robots and robotic devices — Safety requirements for industrial robots — Collaborative operation

This is a Technical Specification (TS), not a standard. The purpose of a TS is to present a set of immature
requirements to see if they are useful for a given industry. By definition, a TS is not mature enough to

be harmonized under European Directives.

This TS is for both robot manufacturer and robot integrator. UR robots comply with the parts that are
relevant for the raw robots themselves and the integrator can choose to use the TS when integrating the
robots.

This TS presents voluntary requirements and guidance that are supplementary to the ISO 10218 stan-
dards in the field of collaborative robots. In addition to the main text the TS includes an annex A with
a table that presents suggestions for force and pressure limits, which are based on pain and not injury.
It is important to read and understand the notes under this table, as many of the limits are based on
conservative estimates and literature study only. All numbers are subject to change in the future, as new
results from scientific research are ready. Annex A is an informal and voluntary part of the TS and an
integrator can therefore state compliance with the TS without using the limit values in Annex A.

ANSI/RIA R15.06-2012

Industrial Robots and Robot Systems — Safety Requirements

This American standard is the ISO standards ISO 10218-1 and ISO 10218-2 combined into one document.
The language is changed from British English to American English, but the content is the same.

Note that part two (ISO 10218-2) of this standard is intended for the integrator of the robot system, and
not Universal Robots.

CAN/CSA-Z2434-14

Industrial Robots and Robot Systems — General Safety Requirements

This Canadian standard is the ISO standards ISO 10218-1 (see above) and -2 combined into one docu-
ment. CSA added additional requirements for the user of the robot system. Some of these requirements
might need to be addressed by the robot integrator.

Note that part two (ISO 10218-2) of this standard is intended for the integrator of the robot system, and
not Universal Robots.
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IEC 61000-6-2:2005

IEC 61000-6-4/A1:2010

EN 61000-6-2:2005 [2004/108/EC]
EN 61000-6-4/A1:2011 [2004/108/EC]

Electromagnetic compatibility (EMC)
Part 6-2: Generic standards - Immunity for industrial environments
Part 6-4: Generic standards - Emission standard for industrial environments

These standards define requirements for the electrical and electromagnetic disturbances. Conforming
to these standards ensures that the UR robots perform well in industrial environments and that they do
not disturb other equipment.

IEC 61326-3-1:2008
EN 61326-3-1:2008

Electrical equipment for measurement, control and laboratory use - EMC requirements

Part 3-1: Immunity requirements for safety-related systems and for equipment intended to perform safety-related
functions (functional safety) - General industrial applications

This standard defines extended EMC immunity requirements for safety-related functions. Conforming
to this standard ensures that the safety functions of UR robots provide safety even if other equipment
exceeds the EMC emission limits defined in the IEC 61000 standards.

IEC 61131-2:2007 (E)
EN 61131-2:2007 [2004/108/EC]

Programmable controllers
Part 2: Equipment requirements and tests

Both normal and safety-rated 24V I/Os are constructed according to requirements of this standard to
ensure reliable communication with other PLC systems.

ISO 14118:2000 (E)
EN 1037/A1:2008 [2006/42/EC]

Safety of machinery — Prevention of unexpected start-up

These two standards are very similar. They define safety principles for avoiding unexpected start-up,
both as a result of unintended repowering during maintenance or repair, and as a result of unintended

start-up commands from a control perspective.

IEC 60947-5-5/A1:2005
EN 60947-5-5/A11:2013 [2006/42/EC]

Low-voltage switchgear and controlgear

Part 5-5: Control circuit devices and switching elements - Electrical emergency stop device with mechanical
latching function
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The direct opening action and the safety lock mechanism of the emergency stop button comply with
requirements in this standard.

IEC 60529:2013
EN 60529/A2:2013

Degrees of protection provided by enclosures (IP Code)

This standard defines enclosure ratings regarding protection against dust and water. UR robots are
designed and classified with an IP code according to this standard, see robot sticker.

IEC 60320-1/A1:2007

IEC 60320-1:2015

EN 60320-1/A1:2007 [2006/95/EC]
EN 60320-1:2015

Appliance couplers for household and similar general purposes
Part 1: General requirements

The mains input cable complies with this standard.

ISO 9409-1:2004 [Type 50-4-M6]

Manipulating industrial robots — Mechanical interfaces
Part 1: Plates

The tool flange on UR robots conforms to type 50-4-M6 of this standard. Robot tools should also be

constructed according to this standard to ensure proper fitting.

ISO 13732-1:2006
EN ISO 13732-1:2008 [2006/42/EC]

Ergonomics of the thermal environment — Methods for the assessment of human responses to contact with surfaces
Part 1: Hot surfaces

The UR robots are designed so that the surface temperature is kept under the ergonomic limits defined
in this standard.

IEC 61140/A1:2004
EN 61140/A1:2006 [2006/95/EC]

Protection against electric shock — Common aspects for installation and equipment

UR robots are constructed in compliance with this standard to provide protection against electrical
shock. A protective earth/ground connection is mandatory, as defined in the Hardware Installation
Manual.
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IEC 60068-2-1:2007
IEC 60068-2-2:2007
IEC 60068-2-27:2008
IEC 60068-2-64:2008
EN 60068-2-1:2007
EN 60068-2-2:2007
EN 60068-2-27:2009
EN 60068-2-64:2008

Environmental testing

Part 2-1: Tests - Test A: Cold

Part 2-2: Tests - Test B: Dry heat

Part 2-27: Tests - Test Ea and guidance: Shock

Part 2-64: Tests - Test Fh: Vibration, broadband random and guidance

UR robots are tested according to the test methods defined in these standards.

IEC 61784-3:2010
EN 61784-3:2010 [SIL 2]

Industrial communication networks — Profiles
Part 3: Functional safety fieldbuses — General rules and profile definitions

This standards defines requirements for safety-rated communication buses.

IEC 60204-1/A1:2008
EN 60204-1/A1:2009 [2006/42/EC]

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

The general principles of this standard are applied.

IEC 60664-1:2007
IEC 60664-5:2007
EN 60664-1:2007 [2006/95/EC]
EN 60664-5:2007

Insulation coordination for equipment within low-voltage systems
Part 1: Principles, requirements and tests
Part 5: Comprehensive method for determining clearances and creepage distances equal to or less than 2 mm

The electrical circuitry of UR robots is designed in compliance with this standard.
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EUROMAP 67:2015, V1.11

Electrical Interface between Injection Molding Machine and Handling Device / Robot

UR robots equipped with the E67 accessory module to interface injection molding machines comply
with this standard.
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Robot type
Weight

Maximum payload
Reach

Joint ranges
Speed

Pose Repeatability
Footprint
Degrees of freedom

Control Box Size (W x H x D)

Control box 1/0O Ports
Tool 1/0O Ports

I/O Power Supply
Communication

Programming

Noise

IP classification
Cleanroom classification

Maximum Average Power
Power consumption

Collaboration operation

Materials
Temperature

Power supply

UR5

18.4kg / 40.61b

5kg / 111b

850mm / 33.5in

4+ 360 ° for all joints

Joints: Max 180 s.

Tool: Approx. 1 s / Approx. 39.4ins.

4+ 0.1 mm / + 0.0039in (4 mils) per ISO 9283

@149 mm / 5.9in

6 rotating joints

462mm x 418 mm x 268mm / 18.2in x 16.5in x 10.6in
16 digital in, 16 digital out, 2 analog in, 2 analog out

2 digital in, 2 digital out, 2 analogue in

24V 2 A in Control Box

TCP/IP 1000 Mbit: IEEE 802.3u, 100BASE-T Ethernet
socket,

modbus TCP & EtherNet/IP Adapter, Profinet

PolyScope graphical user interface on 12” touchscreen

72 dB(A)

IP54

Robot Arm: ISO Class 5

Control Box: ISO Class 6

390 W

Approx. 390 W using a typical program

15 advanced safety functions. In compliance with: EN ISO
13849-1:2008, PLd and EN ISO 10218-1:2011, clause 5.10.5
Aluminium, PP plastic

The robot can work in an ambient temperature range of 0-
50°C

100-240 VAC, 50-60 Hz

Cabling Cable between robot and Control Box (6 m / 236in)
Cable between touchscreen and Control Box (4.5m / 177in)
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E.1 Table 1

Table 1: Safety Function (SF) Descriptions NOTE: all safety functions are individual safety functions

TUV NORD Safety - What is
e Internal? . Description
Certified SF Function controlled?

Pressing Estop on the Teach Pendant! or the External Estop (if using the Estop Safety Input
configured for Estop) results in both a Cat 0 & a Cat 1 stop according to IEC 60204-1 (NFPATS) 3.
These are SF0 and SF1, respectively.
Emergency | » SF0: 524ms timer setting in each safety controller’s microprocessor. At the end of the 524ms,
SFO Stop Cat 0 stop?® (IEC 60204-1) is initiated by each microprocessor.

12354 * 5F1: Command! all joints and power to stop. This is a Cat 1 stop3 per IEC 60204-1.
There are | » The stopping times? of the SFO and SF1 Estop safety functions differ.

Internal Robot Arm
two ® S5FO has a functional safety rating of PLd Cat3 which stops power immediately with a worst-
Emergency case scenario stopping time of 1250ms, even if all joint monitoring failed at the same time and
Stop safety the robot is at maximum speed after 524ms.
functions | « SF1 has a safety rating of PLd Cat2 (see page 6) with a maximum stop time of 300ms for URS
5F1 and 400ms for URS/URL0. See the User Manual for more information. The stop time can be

reduced by the application’s safety limit (5F3, 4, 6, 7, 8, 9) settings and the stop times provided
in the User Manual.

Safeguard |This safety function is initiated by an external protective device using safety inputs which initiates|

Logic and Stop a Cat 2 stop? per IEC 60204-1. For the safety rating of the completely integroted safety function,
SF2 outputs | (Protective | odd the PFHd of the external protective device to the PFHd of 5F2. If o PLd Cat3 stop is needed for] Robot Arm
INTERNAL Stop) protective devices, connect the protective device and configure the input as if it were an externa,

Estop input {See 5F0).

loint
Positi Exceeding the Joint Position limit results in a Cat 0 stop3 (IEC 60204-1). Each joint can have its own

osition
L. limit. Limits the set of ollowed Joint Positions that the joints can move to. it is set directly in the| ;
SF3 Internal Limit . . Joint (each)
(soft axis safety setup port of the Ul where you can enter volues. It is @ means of safety-rated soft axis

o limiting and space limiting, according to 150 10218-1:2011, 5.12.3.
limiting)

Joint Speed | Exceeding a Joint Speed limit results in a Cat 0 stop® per IEC 60204-1. Each joint can have its own

SF4 Internal L. N
Limit limit.

Joint (each)

! Communications between the Teach Pendant, controller, & the robot arm (between joints) are SIL 2, according to IEC 61784-
3. Any failure will be detected within 16ms. See NOTES
2 Estop validation: The Estop button is evaluated within the Teach Pendant, then communicated® to the safety controller by SIL2.

To validate the Teach Pendant Estop functions, press the Estop button and verify an Estop results. See Estop Output for information
about Estop I/0.
3 Stop Categories according to IEC 60204-1 (NFPAT9)
# Category 0 and 1 result in the removal of drive power, with Cat 0 being IMMEDIATE and Cat 1 being a controlled stop (decel-
erate, then power removal). Estop is either Cat 0 or Cat 1. As an exception, Estop can result in a Cat 2 stop.
® Category 2 is a stop where drive power is NOT removed. Category 2 stop specifications are defined in IEC 60204-1, while 551
and 552 are defined IEC 61800-5-2.
4 Emergency Stop response time: Selecting Estop results in having both PLd Cat 2 and PLd Cat 3 Estops. It is an integration decision
whether the PLd Cat2 or PLd Cat3 response time is used for calculating the stopping distance. Typically, the protective stop stopping
time is intended for protective purposes.
3 Stop Categories according to IEC 60204-1 (NFPAY9)
® Category 0 and 1 The drive power is removed, with Cat 0 being IMMEDIATE and Cat 1 being a controlled stop (decelerate,
then power removal). Estop must be either Cat 0 or Cat 1.
® Category 2 The drive power is NOT removed. Category 2 stop specifications are defined in IEC 60204-1, while 551 and $52
are defined IEC 61800-5-2.
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E.1 Table 1

TUV NORD safety e What is
. Internal? . Description
Certified SF Function controlled?
Limits the set of allowed Joint Speeds. It is in the Teach Pendant’s safety sefup where you can enter|
values.
It can be used to limit fast joint movements, for instance to limit risks related to singularities.
Joint Torgue| Exceeding the joint torgue limit results in a Cat 0 stop {per IEC 60204-1). This is not accessible to .
5F5 Internal . A R o ) Joint {each)
Limit the user as it is a foctory setting, part of the force limiting safety function.
Moniters the TCP position and orientation. Any viclation of a safety plane or TCP Poze Limit results)
TCP P ina Cat 0 stop3 (IEC 60204-1). This safefy function consists of two parts: (1) The safety planes which)
ose
SF6 Internal Limit limit the possible TCP positions by providing TCP inclusion/exclusion zones, and (2} The TCP TCP
orientation limit, which has an allOWed direction and a tolerance. When a limit {plane or TCP
pose) is violated, a Cat 0 stop is initiated.
TCP Speed ) - :
SF7 Internal Limit Exceeding the TCP speed limit results in a Cat 0 stop® (IEC 60204-1). TCP
imi
S8 Int I TCP Force |Exceeding the TCP force limit results in a Cat 0 stop® {(IEC 60204-1). Limits the external clamping| TP
nterna
Limit force exerted by the robot. See also Joint Torgue Limit (SF5).
Momentum | Exceeding the Momentum Limit results in a Cat O stop? (IEC 60204-1). The Momentum Limit is)
SF9 Internal . o ] ) i Robot Arm
Limit useful for limiting tronsient impacts ond affects the entire robot arm.
Exceeding the Power Limit results in a Cat O step® (IEC 60204-1). This function monitors the)
. ..|mechanical work {sum of joint torgues times joint angular speeds) performed by the robot. This
SF10 Internal | Power Limit ) ) . . Robot Arm
gffects the current to, and the speed of, the robot arm. This function dynamically limits the
current/torgue but maintain the speed.
When configured for Estep cutput and there is an Estop condition (see 5F1), the dual outputs are|
Internal as R o External
R UR Robot |LOW. If there is no Estop condition, dual outputs are HIGH. Pulses are not used but are tolerated. R
a function connection to
SF11 ith dual Estop For the integrated functional safety rating with an external Estop device, add the PFHd of the UR| logic &/
wi ua ogic &for
Output | Estop function (5F0 or 5F1) to the PFHd of the external logic (if any) and its compaonents (e.q. Estop! g.
outputs equipment
pushbutton).®
Internal as | UR Robot |Whenever the robot is moving, the dual Digital Outputs are LOW. Outputs are HIGH when the External
SF12 a function Moving: |robot is not moving. The functional safety rating is for inside the robot. The integrated functional| connection to
with dual Digital |sofety performance requires odding this PFHd to the PFHd of the external logic (if any) and its) logic &for
outputs Output  |components. equipment
UR Robot |Whenever the robot is STOPPING (i.e., in the process of stopping or in a stand-still condition) the
Internal as o . . ) External
R Not duzl Digital Qutputs are HIGH. When outputs are LOW, robot is NOT in the process or stopping| .
a function . K . . . X . s connection to
SF13 ith dual stopping: [and NOT in a stand-still condition. The functional safety rating is for inside the robot. The logic &/
! ua Digital |integrated functionol safety performance requires adding this PFHd to the PFHd of the externa, Dg'_c or
outputs o . equipment
Output |logic (if any) and its components.
UR Robot o .
Internal as Reduced Whenever the robot is in Reduced Mode, the dual Digital Outputs are LOW. See Robot Reduced External
educe:
SF14 a function Mod Mode below. The functional safety rating is for inside the robot. The integrated functional safety| connection to
ode:
with dual Disital performance requires adding this PFHd to the PFHd of the external logic {if any) and its logic &for
outputs e compaonents. equipment
Qutput
Internal as | UR Robot External
R Whenever the robot is NOT in Reduced Mode, the dual Digital Qutputs are LOW. The functiona, .
a function Mot o i . . . connection to
SF15 ith dual Reduced safety rating is for what is within the UR robot. The integrated functional safety performance, logic &/
i ua educe requires adding this PFHd to the PFHd of the external logic (if any) and its components. ogl.c or
outputs Mode: equipment

¢ Estop validation: The Estop button is evaluated in the Teach Pendant, then communicated! to the safety controller by SIL2

communications. See Communications and Safety Functions on page 10. To validate the Estop function, press the Teach Pendant

Estop button and verify an Estop results. See footnote 13. The connection from the Teach Pendant to the safety controller is by

safety communications according to SIL 2 (See page 10). See Estop Output for information about Estop 1/0.
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TUV NORD safety . What is
- Internal? . Description
Certified SF Function controlled?
Digital
Output
Internal Reduced Mode is initiated by a safety plane/boundary {starting at 2cm of the plane) or by use of|
Robot Logic and an input to initiate (will achieve reduced settings within 500ms). When the external connections|
Reduced Oufputs, Reduced |are LOW, Reduced Mode is initiated. Reduced Mode means that ALL Reduced Mode limits are| Robot Arm
Mode with Dual | Mode Input | ACTIVE. Reduced Mode is not a safety function, rather it is a state affecting the setfings of the
Inputs (1 following safety function limits: SF3 Joint Position, $F4 Joint Speed, 5F6 TCP pose limit, 5F7 TCP
through 4) speed, SF8 TCP force, SF9 Momentum, and SFI0 power.
Internal
Logic and
Safeguard Outputs, | Safeguard |When configured for Safeguard Reset and the external connections transition from LOW to HIGH,| Robot
Reset with Dual | Reset Input | the safeguard stop RESETS. Safety input to initiate a reset of safeguard stop safety function 5F2.
Inputs (1
through 4)
External Three- When the external Enabling Device connections are LOW, a Safeguard Stop (SF2) is initiated.
. i o Recommendation: Use with a mode switch as a safety input. If @ mode switch is not used and
Enabling Enabling Position . ~ B
Device Device as Enabling connected to the sa.fe_ry inputs, then the roboi.' mode _wr.f.l' i:re determme_d by the Teach Pendant. If] Robot
. . the Teach Pendant is in Run Mode—the enabling device will not be active.
input to UR Device . i B 3 i o .
Robot logic INPUT ® Programming Mode—the enabling device will be active. Possword protection is available to
change modes.
External
Mode R i o o
Switch When the external connections are LOW, Operation Mode {running) is in effect. When HIGH, it is
Mode using dual Mode Programming or Teach Mode. Must be used with an Enabling Device as a safety input. When in|
selection Inputs (1 switch Teach/Pragram Mode, the switch r'n;_mt.s f:rre HIGH, and enabling device is .requa'red. Wff'ren in Robot
through 4) INPUT Teach/Pragram Maode, the TCP Speed is limited to 250mm,/s. The speed can be increased using the|
and Teach Pendant “speed-slider,” but upon activating the enabling device, the speed limit resets to)
R 250mm,/s.
internal
logic

Version 3.12

I-77

UR5/CB3

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.



UNIVERSAL ROBOTS E.2 Table 2

Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.

E.2 Table 2

Table 2: Compliance and ISO 13849-1 Functional Safety Information * *

. IEC 61800-5-2 Stop:
TUV NORD Limits or USER L
. . . Stop Category per power to switching PFHd
Certified Safety Function configuration or ) X PL | Cat
. IEC 60204-12 devices retained for UR 3/5f10
SF Factory Setting
Category 2 Stop
Emergency Stop 29 10.11,12.15.12 _
Cat 1 Stop 524ms time-delay 4.38E-8
SFO There ore two separate Emergency No o NA d 3
) before Cat 0 Stop is initiated See 10
Stop safety functions: 5F0 and 5F1
Emergency Stop 11.13.14 551 15 when at 551
X Cat 1 Stop when af 551 X 3.16E-07
SF1 There are two safety functions: 5F0 No . o standstill, d 2
standstilf, Cat 0 Stop initiated o Seeld
& SF1 Cat 0 Stop initiated
Safeguard Stoj
SF2 & . P No Cat 2 552 15 d 2 | 3.15E-07
(Protective Stop)

7 All safety functions are individual safety functions.

& MTTFd is limited to 100 years by 1SO 13849-1. The actual MTTFd values are greater than 100 years. For all safety functions,
the DCavg is 90%.
¢ Stop Categories according to IEC 60204-1 (NFPA79).
» Category 0 and 1 result in the removal of drive power, with Cat 0 being IMMEDIATE and Cat 1 being a controlled stop before
removal of power. Estop is either Cat O or Cat 1.
» Category 2 is a stop where drive power is NOT removed. For Category 2 stops, specifications are defined in IEC 60204-1,
while 551 and 552 are defined IEC 61800-5-2.
¥ Emergency stop safety functions: MTTFd, DCavg and PFHd uses fault exclusion in accordance with 1S0 13849-1 due to use of
direct acting contacts. If fault exclusion were not used, then the PFHd values would be: SF0: 1.60E-07; SF1: 4.27E-07; SF11: 1.56E-
07.
1 Emergency stop components and safety function complies with IEC 60204-1, IEC 60947-5-1 (direct acting contacts), 150 13850
and 15O 13849-1.
L Communications between the Teach Pendant and the controller, as well as within the robot arm & between joints are SIL 2
for safety data, according to IEC 61784-3. Any failure will be detected within 16ms. See Communications and Safety Functions on
page 10.
13 Estop validation: The Teach Pendant Estop button is evaluated in the Teach Pendant, then communicated? to the safety con-
troller by SIL2 communications. To validate the Teach Pendant Estop function, press the Teach Pendant Estop button and verify
an Estop results. See Estop Qutput for information about Estop 1/0.
4 Emergency Stop response time: From a Teach Pendant standpoint, selecting Estop results in having both the PLd Cat 2 and PLd
Cat 3 Estop. Itis an integration decision whether the PLd Cat2 or PLd Cat3 response time is used to calculate the stopping distance.
15 551 (Safe Stop 1) according to 1EC 615800-5-2
a) Initiates and controls the motor deceleration rate within set limits to stop the motor and initiates the STO function when
the motor speed is below a specified limit; or
b) Initiates and monitors the motor deceleration rate within set limits to stop the motor and initiates the STO function when
the motor speed is below a specified limit; or
c) Initiates the motor deceleration and initiates the STO function after an application specific time delay.
NOTE: This safety function corresponds to a controlled stop in accordance with stop category 1 of IEC 60204-1.
£ 552 (Safe Stop 2) according to IEC 615800-5-2
a) Initiates and controls the motor deceleration rate within set limits to stop the motor and initiates the safe operating stop
function when the motor speed is below a specified limit; OR
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E.2 Table 2 UNIVERSAL ROBOTS

. IEC 61800-5-2 Stop:
TUV NORD Limits or USER o
. . . Stop Category per power to switching PFHd
Certified Safety Function configuration or IEC 6020419 devi tained fo PL | Cat UR 3/5/10
SF Factory Setting evices retained for
Category 2 Stop
Mo d_e Mode switch INPUT Input & |,r'.0 Cat 2 582 18 d 2 | 3.15E-07
Selection Configuration
NOTES:
All safety functions are individual safety functions. The UR safety controller has two microprocessors

for monitoring incoming inputs, logic, and communications.

Stopping times of the SFO and SF1 Emergency Stop safety functions:

Co

SFO has a functional safety rating of PLd Cat3. This means the worst-case stopping time is 1250ms,
even if all joint safety monitoring failed at the same time, at full speed, and after 524ms.

SF1 has a functional safety rating of PLd Cat2 with a maximum stop time of approximately 300ms
for UR3 and 400ms for UR5/UR10 (see the User Manual for information). The application stop
time can be reduced de