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Preface

Congratulations on the purchase of your new Universal Robots e-Series robot, UR16e.

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.

Wrist 1 joint

Wrist 2 joint

Wrist 3 joint
Tool flange

2

Base
Shoulder joint

Figure 1: The joints, the base and the tool flange of the Robot Arm.

With six joints and a wide scope of flexibility, Universal Robots e-Series collaborative robot arms
are designed to mimic the range of motion of a human arm. Using our patented programming
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interface, PolyScope, it is easy to program the robot to move tools and communicate with other
machines using electrical signals. Figure 1 illustrates the main components of the robot arm
and can be used as a reference throughout the manual.

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

« 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.

How to Read This Manual

This manual contains instructions for installing and programming the robot. The manual is sep-
arated into two parts:

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

PolyScope Manual: Programming of the robot.

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

Where to Find More Information

The support website (http://www.universal-robots.com/support) contains the following:

+ 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 everything 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, reliable operation,
smooth user experience, and easy programming. You can also use the site to join the UR+ De-
veloper Program to access our new software platform which allows you to design more user-
friendly products for UR robots.

UR16e

X Version 5.5
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1.1

Introduction

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

In this chapter, the first subsections are general. The later subsections contain specific engi-
neering 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 as well as in 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 Universal Robots e-Series robots are responsible for ensuring that the appli-
cable safety laws and regulations in the country concerned are observed and that any significant
hazards in the complete robot application are eliminated. This includes, but is not limited to:

+ Performing a risk assessment for the complete robot system

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

Setting up the appropriate safety settings in the software

Ensuring that the user will not modify any safety measures

Validating that the total robot system is designed and installed correctly

Specifying instructions for use

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

Collecting all documentation in a technical file; including the risk assessment and this man-
ual

Version 5.5 I-3 UR16e
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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.
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 dam-
age to the equipment.
UR16e I-4 Version 5.5
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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:

Make sure to install the robot and all electrical equipment accord-
ing to the specifications and warnings found in chapters 4 and
5.

Version 5.5
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WARNING:

1. Make sure the robot arm and tool/end effector are properly
and securely bolted in place.

2. Make sure the robot arm has ample space to operate freely.

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

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

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

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

7. Do not connect any safety equipment to standard I/0. Use
safety-related I/0 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 shall only be used in installations where
the risk assessment allows it.

10. Tool/end effectors and obstacles shall not have sharp edges
or pinch points.

11. 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.

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

13. 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.

UR16e I-6 Version 5.5
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13.

14.

15.

16.

Combining different machines can increase hazards or cre-
ate 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.

Make sure the users of the robot are informed of the location
of the emergency stop button(s) and are instructed to activate
the emergency stop in case of emergency or abnormal situa-
tions.

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. You can check the temperature on the log screen
before handling or touching the robot, or you can cool down
the robot by powering it off and waiting one hour.

. Never stick fingers behind the internal cover of the controller

box.

CAUTION:

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

ble of damaging the robot, it is highly recommended to test all
functions and the robot program separately.

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

strong magnetic fields can damage the robot.

Version 5.5
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1.6

Intended Use

Universal Robots e-Series are industrial robots intended to handle tools/end effectors and fix-
tures, or to process or transfer components or products. For details about the environmental
conditions under which the robot should operate, see appendices BandD.

Universal Robots e-Series 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

WARNING:

+ Only use this industrial robot in accordance with the intended
use and specifications provided in the User Manual.

+ The product is not designed or intended for use in hazardous
locations or explosive environments.

+ The product is not designed or intended for medical applica-
tions with contact or proximity to patients.

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

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

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 as-
sessment. Additionally the integrator can choose to use the Technical Specification ISO/TS
15066 as additional guidance.

UR16e
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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 developing
collaborative robot applications. See chapter 2 and part II for detailed information.

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.

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

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

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

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
« 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.
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1. Penetration of skin by sharp edges and sharp points on tool/end effector or tool/end effec-
tor 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.

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

Mistakes due to different emergency stop buttons for different machines.

© N o g kM DN

Mistakes due to unauthorized changes to the safety configuration parameters.

Information on stopping times and stopping distances are found in chapter 2 and appendix A.

1.8

Pre-Use Assessment

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

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

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

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

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

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

+ Test that System Emergency Stop outputs are actually capable of bringing the whole sys-
tem to a safe state.

+ Test that the system connected to Robot Moving output, Robot Not Stopping output, Re-
duced Mode output, or Not Reduced Mode output can actually detect the output changes

1.9

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 5.4.2).

1.10

Movement Without Drive Power

In the unlikely event of an emergency where any robot joints must be moved, but power to the
robot is either impossible or undesired, contact your Universal Robots distributor.

UR16e
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2 Safety-related Functions and Interfaces

2.1 Introduction

Universal Robots e-Series robots are equipped with a range of built-in safety functions as well
as safety 1/0, digital and analog control signals to or from the electrical interface, to connect to
other machines and additional protective devices. For the e-Series robots with standard con-
trollers, each safety function and interface is monitored according to EN ISO13849-1:2008 (see

chapter 8 for certifications).

See chapter 13inpart II for configuration of the safety functions, inputs and outputs in the
user interface. See chapter 5 for descriptions on how to connect safety devices to 1/0.

NOTE:

1. The use and configuration of safety functions and interfaces
must follow the risk assessment procedures for each robot
application. (see chapter 1 section 1.7)

2. If the robot discovers a fault or violation in the safety system
(e.g. if one of the wires in the Emergency Stop circuit is cut or
a safety limit is violated) then a Stop Category 0 is initiated.

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

DANGER:

1. The use of safety configuration parameters different from
those determined by the risk assessment can result in haz-
ards that are not reasonably eliminated or risks that are not
sufficiently reduced

2. Ensure tools and grippers are connected appropriately so if
there is an interruption of power, no hazards occurl

3. Use caution with 12V, since an error made by the programmer
can cause the voltage to change to 24V, which might damage
the equipment and cause a fire

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

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

Stop Category Description

0 Stop the robot by immediate removal of power.

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

2 *Stop the robot with power available to the drives, while

maintaining the trajectory. Drive power is maintained after
the robot is stopped.

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

2.3 Configurable Safety Functions

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

Safety Function Description

Joint Position Limit ~ Sets upper and lower limits for the allowed joint positions.

Joint Speed Limit Sets an upper limit for joint speed.

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

Tool Orientation Defines allowable orientation limits for the tool.

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

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

Momentum Limit Limits maximum momentum of the robot.

Power Limit Limits mechanical work performed by the robot.

Stopping Time Limits maximum time the robot uses for stopping after a
Limit protective stop is initiated.

Stopping Distance Limits maximum distance travelled by the robot after a pro-
Limit tective stop is initiated.

When performing the application risk assessment, it is necessary to take into account the mo-
tion of the robot after a stop has been initiated. In order to ease this process, the safety functions
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Stopping Time Limit and Stopping Distance Limit can be used. These safety functions dynami-
cally reduces the speed of the robot motion such that it can always be stopped within the limits.
It is important to note that the joint position limits, the safety planes and the tool/end effector
orientation limits take the expected stopping distance travel into account i.e. the robot motion
will slow down before the limit is reached.

The functional safety can be summarized as:

Safety Function Tolerance Performance Category
Level
Emergency Stop - d 3
Safeguard Stop - d 3
Joint Position Limit 5° d 3
Joint Speed Limit 1.15°s d 3
Safety Planes 40 mm d 3
Tool Orientation 3° d 3
Speed Limit 50 mmys d 3
Force Limit 25N d 3
Momentum Limit 3kgm/s d 3
Power Limit 10W d 3
Stopping Time Limit 50 ms d 3
Stopping Distance Limit 40 mm d 3
Safe Home 1.7° d 3
WARNING:

There are two exceptions to the force limiting function that are im-
portant when designing an application (Figure 2.1). As the robot
stretches out, the knee-joint effect can give high forces in the ra-
dial direction (away from the base) at low speeds. Similarly, the
short leverage arm, when the tool/end effector is close to the base
and moving around the base, can cause high forces at low speeds.
Pinching hazards can be avoided by removing obstacles in these
areas, placing the robot differently, or by using a combination of
safety planes and joint limits to eliminate the hazard by preventing
the robot moving into this region of its workspace.

WARNING:

If the robot is used in manual hand-guiding applications with linear
movements, the speed limit must be set to maximum 250 mnys for
the tool/end effector and elbow unless a risk assessment shows
that higher speeds are acceptable. This will prevent fast move-
ments of the robot elbow near singularities.
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Figure 2.1: Due to the physical properties of the robot arm, certain workspace areas require attention
regarding pinching hazards. One area (left) is defined for radial motions when the wrist 1 joint is at least
800 mm from the base of the robot. The other area (right) is within 300 mm of the base of the robot,
when moving tangentially.

The robot also has the following safety inputs:
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Safety Input

Description

Emergency Stop
Button

Robot Emergency
Stop

System Emergency
Stop

Safeguard Stop
Automatic Mode
Safeguard Stop
Safeguard Reset

Reduced Mode

Three-Position

Enabling Device

Operational Mode

Automatic Mode
Safeguard Reset

Performs a Stop Category 1 informing other machines us-
ing the System Emergency Stop output, if that output is de-
fined.

Performs a Stop Category 1 via Control Box input, inform-
ing other machines using the System Emergency Stop out-
put, if that output is defined.

Performs a Stop Category 1 on robot only.

Performs a Stop Category 2 in all modes.

Performs a Stop Category 2 in Automatic mode ONLY. Au-
tomatic Mode Safeguard Stop can only be selected when a
Three-Position Enabling Device is configured and installed.
Returns from the Safeguard Stop state, when arising edge
on the Safeguard Reset input occurs.

Transitions the safety system to use the Reduced mode
limits.

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

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

Returns from the Automatic Mode Safeguard Stop state,
when a rising edge on the Automatic Mode Safeguard Re-
set input occurs.

For interfacing with other machines, the robot is equipped with the following safety outputs:

Safety Output

Description

System Emergency
Stop
Robot Moving

Robot Not Stopping

Reduced Mode

Not Reduced Mode
Safe Home

While this signal is logic low, the Robot Emergency Stop
input is logic low or the Emergency Stop button is pressed.
While this signal is logic high, no single joint of the robot
moves more than 0.1rad/s.

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

Logic low when the safety system is in Reduced Mode.
Logic low when the system is not in Reduced Mode.
Logic high when robot is in the configured Safe Home Po-
sition.

All safety I/0 are dual channel, meaning they are safe when low (e.g., the Emergency Stop is
active when the signals are low).
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2.4 Safety Function
The safety system acts by monitoring if any of the safety limits are violated or if an Emergency
Stop or a Safeguard Stop is initiated.
The reactions of the safety system are:
Trigger Reaction
Emergency Stop Stop Category 1.
Safeguard Stop Stop Category 2.
Limit Violation Stop Category 0.
Fault Detection Stop Category 0.
NOTE:
If the safety system detects any fault or violation, all safety outputs
re-set to low.
2.5 Modes
Normal and Reduced Mode The safety system has two configurable Modes: Normal and Re-
duced. Safety limits can be configured for each of these two modes. Reduced Mode is active
when the robot tool/end effector is positioned on the Reduced Mode side of a Trigger Reduced
Mode plane or when triggered by a safety 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 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:
Safety Function Limit
Joint Speed Limit 30°s
Speed Limit 250 mmys
Force Limit 100N
Momentum Limit 10 kgmy/s
Power Limit 80W
UR16e I-16 Version 5.5
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The safety system issues a Stop Category 0 if a violation of these limits appears.

WARNING:

Limits for the joint positions, the safety planes, and the tool/end
effector orientation are disabled in Recovery Mode. Take caution
when moving the robot arm back within the limits.
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3 Transportation

As supplied on the pallet, the robot and Control Box are a calibrated set. Do not separate them
as this would require recalibration.

Only transport the robot in its original packaging. Save the packaging material in a dry place if
you want to move the robot later.

When moving the robot from its packaging to the installation space, hold both tubes of the robot
arm at the same time. Hold the robot in place until all mounting bolts are securely tightened at
the base of the robot.

Lift the Control Box by its handle.

WARNING:

1. Make sure not to overload your back or other bodyparts
when lifting the equipment. Use proper lifting equipment.
All regional and national lifting guidelines 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 instructions in
chapter 4.
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4 Mechanical Interface

4.1 Introduction
This chapter describes the basics of mounting the parts of the robot system. Electrical installa-
tion instructions in chapter 5 must be observed.

4.2 Workspace of the Robot
The workspace of the UR16e robot extends 900 mm from the base joint. It is important to
consider the cylindrical volume directly above and directly below the robot base when choosing
amounting place for the robot. Moving the tool close to the cylindrical volume should be avoided
because it causes the joints to move fast even when the tool is moving slowly, which causes the
robot to work inefficiently and makes it difficult to conduct a risk assessment.

Front Tilted
4.3 Mounting

Robot Arm The Robot Arm is mounted using four 8.8 strength, M8 bolts and four 8.5mm
mounting holes at the base. The bolts must be tightened with 20 N m torque.

Use the two @8 holes provided, with a pin, to accurately reposition Robot Arm. Note: You can
purchase an accurate base counterpart as an accessory. Figure 4.1 shows where to drill holes
and mount the screws.

Mount the robot on a sturdy, vibration-less, surface that can withstand at least ten times the
full torque of the base joint and at least five times the weight of the Robot Arm. If the robot is
mounted on a linear axis, or a moving platform, then the acceleration of the moving mounting
base is very low. A high acceleration might cause the robot to make a safety stop.

DANGER:
Make sure the Robot Arm is properly and securely bolted in place.
Unstable mounting can lead to accidents.
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Figure 4.1: Holes for mounting the robot. Use four M8 bolts. All measurements are in mm.

CAUTION:

Mount the robot in an environment suited to the IP rating. The robot
must not be operated in environments that exceed those corre-
sponding 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 must be tightened with 8 N m, strength class 8.8. For accurate tool repositioning, use a pin
in the @6 hole provided. Figure 4.2 shows dimensions and hole pattern of the tool flange. It is
recommended to use a radially slotted hole for the pin to avoid over-constraining, while keeping
precise position. Do not use bolts that extend beyond 8mm to mount the tool. Very long M6
bolts can press against the bottom of the tool flange and short circuit the robot.

UR16e
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Lumberg RKMW 8-354 connector
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Figure 4.2: The tool output flange (ISO 9409-1-50-4-M6) is where the tool is mounted at the tip of the
robot. All measures are in mm.

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

2. Ensurethetoolis constructed such that it cannot create a haz-
ardous situation by dropping a part unexpectedly.

3. Mounting a tool on the robot with M6 bolts that extend be-
yond 8mm can push into the tool flange and cause irreparable
damage, leading to end joint replacement.

Control Box The Control Box can be hung on a wall or placed on the ground. A clearance of

50 mm on each side of the Control Box is needed for sufficient airflow.

Teach Pendant The Teach Pendant can be hung on a wall or on the Control Box. Verify that
the cable does not cause tripping hazard.

Note: you can buy extra brackets for mounting the Control Box and Teach Pendant.
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DANGER:

1. Make sure the Control Box, Teach Pendant and cables do not
come into contact with liquids. A wet Control Box could cause
fatal injury.

2. Place the Teach Pendant (IP54) and Control Box (IP44) in an
environment suited for the IP rating.
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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 of the attached payload.

Payload [kg]

Center of gravity offset
[mm]

Figure 4.3: The relationship between the maximum allowed payload and the center of gravity offset.
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5 Electrical Interface

5.1

Introduction

This chapter describes electrical interface groups for the Robot Arm in the Control Box. Exam-
ples are given for most types of I/0. The term 1/0 refers to both digital and analog control signals
to or from the electrical interface groups listed below.

+ Mains connection
+ Robot connection
« Controller I/0

« Tool I/0
+ Ethernet

5.1.1

Control Box Bracket

On the underside of the I/0 interface groups, there is a bracket with ports that allows for addi-
tional connections (illustrated below). The base of the Control Box has a capped opening for
easy connection (see 5.2).

The Mini Displayport supports monitors with Displayport and requires an active Mini Display to
DVI or HDMI converter to connect monitors with DVI/HDMI interface. Passive converters do not
work with DVI/HDMI ports.

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

5.2

Ethernet

The Ethernet interface can be used for:

+ MODBUS, EtherNet/IP and PROFINET (see part II).

+ Remote access and control.

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

Replace the cap at the base of the Control Box with an appropriate cable gland to connect the
cable to the Ethernet port.
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The electrical specifications are shown in the table below.

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

5.3

Electrical Warnings and Cautions

Observe the following warnings for all the aforementioned interface groups, in addition to when
the robot application is designed and installed.

DANGER:

1. Never connect safety signals to a PLC which is not a safety
PLC with the correct safety level. Failure to follow this warning
could result in serious injury or death as the safety functions
could be overridden. It is important to keep safety interface
signals separated from the normal I/0 interface signals.

2. All safety-related signals 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. Some I/0s inside the Control Box can be configured for either
normal or safety-related 1/0. Read and understand the com-
plete section 5.4.

UR16e
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DANGER:

1. Make sure all equipment not rated for water exposure remain

dry. If water is allowed to enter the product, lockout-tagout all
power and then contact your local Universal Robots service
provider for assistance.

. Only use the original cables supplied with the robot only. Do

not use the robot for applications where the cables are subject
to flexing.

. Negative connections are referred to as Ground (GND) and are

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

. Use caution when installing interface cables to the robot 1/0.

The metal plate in the bottom is intended for interface ca-
bles and connectors. Remove the plate before drilling holes.
Make sure that all shavings are removed before reinstalling
the plate. Remember to use correct gland sizes.

CAUTION:

1. Therobot has been tested according to international IEC stan-

dards for ElectroMagnetic Compatibility (EMC). Disturbing
signals with levels higher than those defined in the specific IEC
standards can cause unexpected behaviors from 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 problems.

. 1/0 cables going from the Control Box to other machinery and

factory equipment may not be longer than 30m, unless addi-
tional tests are performed.

NOTE:
All voltages and currents are in Direct Current (DC) unless other-
wise specified.
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5.4 Controllerl/0
You can use the I/0 inside the Control Box for a wide range of equipment including pneumatic
relays, PLCs and emergency stop buttons.
The illustration below shows the layout of electrical interface groups inside the Control Box.
Safety Remote Power Configurable Inputs Configurable Outputs Digital Inputs Digital Outputs Analog
S [24v 12V|M| PWR{ | [24V|H||24V(H| OV M| OV M| [24V/H|[24V|H| oV M|/ OV |H| |2|AG (N
g EIO GND|H| [GND R [Clo H||Cl4|H| |COO/M|[CO4/H| (DIO|H|DI4|H| DOO/H|[DO4|H ‘El AlO |
g [2av on [m| [2av[) [24v[m]|[24v[m] [ov |m]|[ ov [m] [24v[m][24v[m] [ov [m]|[ov[m]| [E[Ac[m
% Ell OFF|(H| | OV Cl1|(H|(CI5|H| [COl{H||CO5/H| [DI1|H||DI5|H| [DO1|H||DO5|H I L
§-24V 24V(H||24v(H OV (M| oV | M| (24V|H||24V(H| |OV |H|| OV | H ZiAG|H
SSIO S Talol> Ci2|H||Ci6 || |CO2/H|[CO6/H| (DI2|H||Di6|Hl| |DO2(H|[DO6|H gAOO.
3 [24v 2|2|3|5|2|3 | [2av[m|[2av[m]| [ov [m]|[ov [m]| [2av|m|[zav|m| [ov [m|[ov|m| |2[Ac|m
a|si1 E|mm|m/m|m||{c:|{m|[ci7|m]| [co3[m|[co7[m]| [Di3|m|[D17[m| [po3[m|[po7[m]| |2 [A01[m
Note: You can use the horizontal Digital Inputs block (DI8-DI11), illustrated below, for quadrature
encoding Conveyor Tracking (see 5.4.1) for these types of input.
EIEIEIEIE S
o|la|e|o|~]|°
HEEEENR
The meaning of the color schemes listed below must be observed and maintained.
Yellow with red text Dedicated safety signals
Yellow with black text Configurable for safety
Gray with black text General purpose digital 1/0
Green with black text ~ General purpose analog I/0
In the GUI, you can set up configurable I/0 as either safety-related 1/0 or general purpose 1/0
(see part II).
5.4.1 Common specifications for all digital 1/0
This section defines electrical specifications for the following 24V digital I/0 of the Control Box.
+ Safety I/0.
+ Configurable I/0.
+ General purpose I/0.
Install the robot according to the electrical specifications which are the same for all three inputs.
Itis possible to power the digital I/0 from aninternal 24V power supply or from an external power
source by configuring the terminal block called Power. This block consists of four terminals.
The upper two (PWR and GND) are 24V and ground from the internal 24V supply. The lower two
terminals (24V and QV) in the block are the 24V input to supply the I/0. The default configuration
uses the internal power supply (see below).
Power
PWR |
GND
24v [
ov
Note: If more current is needed, connect an external power supply as shown below.
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The electrical specifications for both the internal and external power supply are shown below.

Terminals Parameter Min Typ Max Unit
Internal 24V power supply

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

[24V - 0V] Voltage 20 24 29 Vv
[24V - 0V] Current 0 - 6 A

The digital I/0 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 \Y
[EIx/SIx/CIx/DIx] OFF region -3 - 5 \Y
[EIx/SIx/CIx/DIx] ON region 11 - 30 \Y
[EIx/SIx/CIx/DIx] Current (11-30V) 2 - 15 mA
[EIx/SIx/CIx/DIx] Function - PNP + - Type
[EIx/SIx/CIx/DIx] IEC61131-2 - 3 - Type

*For resistive loads or inductive loads of maximum TH.

NOTE:

black text.

The word configurable is used for I/0 that is configured as either
safety-related I/0 or normal I/O. These are the yellow terminals with

5.4.2 Safetyl/O

This section describes dedicated safety input (Yellow terminal with red text) and configurable
I/0 (Yellow terminals with black text) when configured as safety 1/0. Follow the Common spec-
ifications for all digital /0 in section 5.4.1.
Safety devices and equipment must be installed according to the safety instructions and the risk

assessment in chapter 1.
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All safety 1/0 are paired (redundant) and must be kept as two separate branches. A single fault
does not cause loss of the safety function.

There are two permanent safety input types:

+ Robot Emergency Stop for emergency stop equipment only

« Safeguard Stop for protective devices

The functional difference is shown below.

Emergency Stop Safeguard Stop
Robot stops moving Yes Yes
Program execution Pauses Pauses
Drive power Off On
Reset Manual Automatic or manual
Frequency of use Infrequent Every cycle to infrequent
Requires re-initialization Brake release only No
Stop Category (IEC 60204-1) 1 2
Performance level of
monitoring function (ISO 13849-1) PLd PLd

Use the configurable I/0 to set up additional safety I/0 functionality, e.g. Emergency Stop Output.
Configuring a set of configurable I/0 for safety functions are done through the GUI, (see part II).

DANGER:

1. Never connect safety signals to a PLC that is not a safety PLC
with the correct safety level. Failure to follow this warning
could result in serious injury or death as the safety functions
could be overridden. It is important to keep safety interface
signals separated from the normal I/0 interface signals.

2. All safety-related I/0 are constructed redundantly (two inde-
pendent 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.

0SSD signal filtering
All configured and permanent safety inputs are filtered to allow the use of OSSD safety equip-
ment with pulse lengths under 3ms. The safety input is sampled every millisecond and the state
of the input is determined by the most frequently seen input signal over the last 7 milliseconds.

Default safety configuration

The robot is delivered with a default configuration, which enables operation without any addi-
tional safety equipment (see illustration below).
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Safety
24V
EIO
24V
ElM
24V
SI0
24V
Si1

Emergency Stop

Safeguard Stop

Connecting emergency stop buttons

Most applications require one or more extra emergency stop buttons. The illustration below
shows how one or more emergency stop buttons can be connected.

Safety Safety

)=y [
)

en [ ] ﬁﬁ ......... ==l

24V
En |l

24v A N H H

SI0

24V
24V

slo
PZAVA)D - | I ) N U N R
si

S

Emergency Stop
Emergency Stop

Safeguard Stop
Safeguard Stop

Sharing the Emergency Stop with other machines
You can set up a shared emergency stop function between the robot and other machines by
configuring the following I/0 functions via the GUI. The Robot Emergency Stop Input cannot be
used for sharing purposes. If more than two UR robots or other machines need to be connected,
a safety PLC must be used to control the emergency stop signals.

+ Configurable input pair: External emergency stop.

+ Configurable output pair: System emergency stop.

The illustration below shows how two UR robots share their emergency stop functions. In this
example the configured I/0s used are CI0-CI1 and CO0-CO1.

[/

Configurable puty Configurable Outputs . Configurable Inputs onﬁurable Outputs

24V l/; m [ovm|[ovm : 24v [ |[24v [m]| [ O [ ov [m
cio [d||£14 [m] [coo[m|[cos|m A : B cio [m|[ci4 [m]| [coy|M|[cos|m
24v [Wf|24v (] [ov ov [m E 24v i |[24v [m] [ov o [m
ci cis |m| [co1|m\cos/m cii/lm||ci5 [m| [co1|M||cos|m
24v M |[24v [m| [ov [m\]\ov [m 24/ fm||24av [m]| [ov [m|[ov [m
ci2 |M||cie [H| [co2|m\dps|m f12/m|(cie [m| [co2|m||cos|m
24v (M |[24v [m| [ov [m|\o\ | fof (M|[2av (M| [ov [m|[ov [m
ci3 |m|[c7 |m| [co3|m||co\ £i3|m|[ci7 M| [co3|m|[co7|m

~
)

AN
.

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).
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Safety
24V

EIO
24V
El1
24V
SI0
24V

Emergency Stop

aenunn

(

Safeguard Stop

Si1

This configuration is only intended for applications where the operator cannot go through the
door and close it behind him. The configurable 1/0 is used to setup a reset button outside the
door to reactivate robot motion.

Another example where automatic resume is appropriate is when using a safety mat or a safety-
related laser scanner (see below).

4

Safety

24V

EIO

24V

El1

Emergency Stop

/ 7
24v M| [ov

24V

0000

SI0

-F

24v |l

ov |

24V ‘

Safeguard Stop

sit |d

DANGER:

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

Safeguard Stop with reset

button

If the safeguard interface is used to interact with a light curtain, a reset outside the safety perime-
ter is required. The reset button must be a two channel type. In this example the 1/0 configured

for reset is CI0-CI1 (see below).
=1
;‘ \
/_yJ y
[ /
N zi?;e‘yl ;4_v [20v [m 24V
3 Eo |m cio ci4 |l
5 [2av]m 24v 24v [
& [en [m)f cn cis ||
24v |l 24v [ |[24v (M
&lsi0 ci2 (m|{ce|m
§ [2av | 24v M| [24v [m
3 [sn ']\ ciz [m|[c [m

24V
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Three-Position Enabling Device

Theillustration below shows how to connect a Three-Position Enabling Device. See section 12.2
for more about Three-Position Enabling Device.

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

Confifjur: Inputs »
3-Position Switch
24V 24v |H :
ciof| m<y [m :
24v Nl | [24v) W — —]
c |ECI5)| .
24v |H|[2kv| W ]
ci2 |H||{¢ell
24v |H|[23vH
cl3 (H||C
NG
NOTE:

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

Operational Mode Switch
The illustration below shows an Operational Mode Switch. See section 12.1 for more about
operational Modes.

Co gt Operational mode Switch
24v||H||24v | LI
cof[m[c4 [m :
24v|[m|[24v |m — —
cif[m|[cis [m
24V|| |24V |H "
Cl2| [ Qs |
24v Nl |24V E
CI3 | BCI7

T —

5.4.3 General purpose digital I/0

This section describes the general purpose 24V 1/0 (Gray terminals) and the configurable 1/0
(Yellow terminals with black text) when not configured as safety I/0. The common specifications
in section 5.4.1 must be observed.

The general purpose 1/0 can be used t o 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 part II. In this mode, the output is always low when a
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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.

Load controlled by a Digital Outputs
This example shows how a load is controlled from a Digital Outputs when connected.

vy \-,
Digital Outputs 4
ov/m|[ov[d o
DOO| M ||DO4|
ov |H|| ov
DO1 M |[DO5|H ]
ov| H| ov|H
DO2| M |[DO6|
ov | H||ov il
DO3|H |[DO7|H

5.4.4 Digital Inputs from a button

This example illustrates connecting a simple button to a Digital Inputs.

Digital Inputs
24v|H||2av|H
DIO| M ||DI4
2av|m||2av(H T
DI1|M||{DI5| N R ]
24v|m|[2av| m)
pi2|m||[pie|m| \ n
24v|H|[2av|H
DI3(H|(DI7|W

5.4.5 Communication with other machines or PLCs

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

/ / Rigital Inputs \Diﬁtal Outputs

Digital Inputs Digitaf Outputs |
2av|m|[2av|m| [ov [M][ ov[m/ . 24Vl |[2av[m| [ov [W][ ov[m
pio|m|[pi1a|m| [poo/m||poa|d A : B pio|M|[p14|m| [poo/m|[poam
24v|H|[24v|H| [ov [H|| ov|m : 24v|H|[24v|H| [ov [H|[ ov|m
pi1|m|[pi15|m| [po1/m||jpos|m : pi1|m|[pi5|m| [po1/m||pos|m
24Vv|H||24V/H| (OV (H|| oV |H 24V|H||24V/H| (OV (H|| oV |H
DI2|H||Di6|M| [DO2| W |[DO6| W DI2|H||DI6|M| [DO2/ M |[DO6| W
24v|m|[2av|m| [ov [m|{ ov|m 24av|H|[2av(m| [ov [m|| ov|m
pi3[m|[pi17| | [po3|m|[po7|m pi3[m|[p17|m| |po3|p|[po7[m

/

4

5.4.6 General purpose analog I/0

The analog 1I/0 interface is the green terminal. It is used to set or measure voltage (0-10V) or
current (4-20mA) to and from other equipment.

The following directions is recommended to achieve the highest accuracy.

+ Use the AG terminal closest to the I/0. 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.

+ Use a shielded cable or twisted pairs. Connect the shield to the GND terminal at the terminal
called Power.

+ Use equipment that works in current mode. Current signals are less sensitive to interfer-

ences.

In the GUI you can select input modes (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
[AIx - 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
[ADx - AG] Current 4 - 20 mA
[ADx - AG] Voltage 0 - 24 Vv
[ADx - AG] Resolution - 12 - bit
Analog Output in voltage mode
[AOx - AG] Voltage 0 - 10 \
[ADx - AG] Current -20 - 20 mA
[ADx - AG] Resistance - 1 - ohm
[ADx - AG] Resolution - 12 - bit

Using an Analog Output

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

O
cee

Analog
AG
Al0
AG
Al
AG
AOO
AG

Analog Inputs

Analog Outputs

AO1

Power

PWR |l

GND
24v |H
ov (I

7

Using an Analog Input

This example illustrates connecting an analog sensor.
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Analog
AG
A0
AG
Al
AG
AOO
AG
AO1

Analog Inputs

tTr T

Analog Outputs

Power
PWR |l
GND
24V |H
ov [l

5.4.7 Remote ON/OFF control
Use remote ON/OFF control to turn the Control Box on and off without using the Teach Pendant.
It is typically used:
+ When the Teach Pendant is inaccessible.
+ When a PLC system must have full control.

« When several robots must be turned on or off at the same time.

The remote ON/OFF control provides a auxiliary 12V supply, kept active when the Control Box is
turned off. The ON input is intended only for short time activation and works in the same way
as the POWER button. The OFF input can be held down as desired. The electrical specifications
are shown below. Note: Use a software feature to load and start programs automatically (see

part II).
Terminals Parameter Min  Typ Max Unit
[12v - GND] Voltage 10 12 13 \
[12v - GND] Current - - 100 mA
[ON / OFF] Inactive voltage 0 - 0.5 \
[ON / OFF]  Active voltage 5 - 12 \Y
[ON / OFF] Input current - 1 - mA
[on] Activationtime 200 - 600 ms

Remote ON button
This example illustrates connecting a remote ON button.

Remote

12v “ }I-|

GND|H B ]
ON N

OFF|E\ P

Remote OFF button
This example illustrates connecting a remote OFF button.

Remote

12v[d 7‘I-|

GND|H R I ]
ON |l

OFF P

UR16e I-38 Version 5.5



R
5.5 Mains Connection UNIVERSAL ROBOTS

CAUTION:

Do not press and hold the ON input or the POWER button as it
switches off the Control Box without saving. You must use the OFF
input for remote off control as this signal allows the Control Box to
save open files and shut down correctly.

5.5

Mains Connection

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

In order to energize the robot, the Control Box must be connected to the mains via the stan-
dard IEC C20 plug at the bottom of the Control Box, through a corresponding IEC C19 cord (see
illustration below).

The mains supply is equipped with the following:

+ Connection to ground
+ 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-tagout under service. The electrical specifications are shown in the
table below.

Parameter Min  Typ Max Unit
Input voltage 100 - 265 VAC
External mains fuse (@ 100-200V) 15 - 16 A
External mains fuse (@ 200-265V) 8 - 16 A
Input frequency 47 - 63 Hz
Stand-by power - - <15 W
Nominal operating power 90 250 500 W
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DANGER:

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

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

3. Lockout-tagout all power for the complete robot installation
during service. Other equipment shall not supply voltage to
the robot I/0 when the system is locked out.

4. Ensure all cables are connected correctly before the Control
Box is powered. Always use the original power cord.

5.6 Robot Connection

Plug and lock the cable from the robot into the connector at the bottom of the Control Box (see
illustration below). Twist the connector twice to ensure it is properly locked before turning on
the Robot Arm.

Turn the connector to the right to make it easier to lock after the cable is plugged in.

CAUTION:

1. Do not disconnect Robot Cable when Robot Arm is turned on.

2. Do not extend or modify original cable.

UR16e 1-40 Version 5.5



5.7 Tool 1/0 UNIVERSAL ROBOTS

5.7

Tool 1/0

Adjacent to the tool flange on Wrist #3, there is an eight-pinned connector that provides power
and control signals for different grippers and sensors that can be attached to the robot. Lumberg
KKMYV 8-354 is a suitable industrial cable. Each of the eight wires inside the cable have different
colors representing different functions.

This connector provides power and control signals for grippers and sensors used on a specific
robot tool. The industrial cable listed below is suitable:

* Lumberg RKMV 8-354.

NOTE:
The Tool Connector must be manually tightened up to a maximum
of 0.4Nm.

The eight wires inside the cable have different colors that designate different functions. See
table below:

Color Signal Description
Red GND Ground
Gray POWER 0V/12V/24V
Blue TOO/PWR Digital Outputs 0 or 0V/12V/24V
Pink TO1/GND Digital Outputs 1 or Ground
Yellow TIO Digital Inputs 0
Green T Digital Inputs 1
White  Al2 / RS485+ Analog in 2 or RS485+
Brown AI3/RS485- Analog in 3 or RS485-

Set the internal power supply to 0V, 12V or 24V in the I/0 tab of the GUI (see part II). The
electrical specifications are shown below:

Parameter Min  Type Max Unit
Supply voltage in 24V mode 23.5 24 24.8 \"
Supply voltage in 12V mode 11.5 12 12.5 \"
Supply current in both modes* - 1000 2000** mA
Supply Dual Pin Power - 2000 2000 mA
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*It is highly recommended to use a protective diode for inductive loads
**2000 mA for max 1 second. Duty cycle max: 10%. Average current must not exceed 1000 mA.

The following sections describe the different tool I/0.

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

5.7.1 Tool Power Supply
Power Supply

Set the internal power supply to OV, 12V or 24V in PolyScope’s I/0 tab (see part II).

POWER

GND (RED)

Dual Pin Power Supply

In Dual Pin Power mode, the output current can be increased as listed in (5.7 table two).

1. Inthe Header, tap Installation.

2. In the list on the left, tap General.

3. Tap Tool 10 and select Dual Pin Power.

4. Connect the wires Power (gray) to TOO (blue) and Ground (red) to TO1 (pink).

POWER (GRAY)

TOO/PWR (BLUE

TO1/GND (PINK)

NOTE:
Once the robot makes an Emergency Stop, the voltage is set to 0V
for both Power Pins (power is off).

5.7.2 Tool Digital Outputs
Digital Outputs support three different modes:

Mode Active | Inactive
Sinking (NPN) Low Open
Sourcing (PNP) | High Open
Push / Pull High Low
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The output mode of each pin can be configured from the Installation Tab in Tool |10 on PolyScope.
The electrical specifications are shown below:

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

*3000 mA for max 1 second. Duty cycle max: 10%. Average current must not exceed 600 mA

NOTE:
Once the robot makes an Emergency Stop, the Digital Outputs (DOO
and DO1) are deactivated (High Z).

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

Using Tool Digital Outputs

This example illustrates turning on a load using the internal 12V or 24V power supply. The output
voltage at the I/0 tab must be define. There is voltage between the POWER connection and the
shield/ground, even when the load is turned off.

— POWER

5.7.3 Tool Digital Inputs

The Digital Inputs are implemented as PNP with weak pull-down resistors. This means that a
floating input always reads as low. The electrical specifications are shown below.
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Parameter Min  Type Max Unit
Input voltage -0.5 - 26 \Y
Logical low voltage - - 2.0 \Y
Logical high voltage 5.5 - - \
Input resistance - 47k - Q

Using the Tool Digital Inputs

This example illustrates connecting a simple button.

5.7.4 Tool Analog Input

Tool Analog Input are nondifferential and can be set to either voltage (0-10V) or current (4-20mA)
on the I/0 tab (see part II). The electrical specifications are shown below.

Parameter Min  Type Max Unit
Input voltage in voltage mode -0.5 - 26 \'
Input resistance @ range 0V to 10V - 10.7 - kQ
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 - 182 188 Q
Resolution - 12 - bit

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

CAUTION:

1. Analog Inputs are not protected against overvoltage in current
mode. Exceeding the limit in the electrical specification can
cause permanent damage to the input.

Using Tool Analog Inputs, Nondifferential

This example shows an analog sensor connection with a nondifferential output. The sensor
output can be either current or voltage, as long as the input mode of that Analog Input is set to
the same on the I/0 tab.
Note: You can check that a sensor with voltage output can drive the internal resistance of the
tool, or the measurement might be invalid.

POWER
T1
Al2 | <
GND on
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Using Tool Analog Inputs, Differential

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

11

5.7.5 Tool Communication 1/0

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

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

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

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 functioning
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 soft-
ware (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 af-
ter 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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6.1 Safety Instructions

DANGER:

1.

Remove the mains input cable from the bottom of the con-
trol 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.

Check the earth connection before re-powering the system.

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

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.

Prevent water and dust from entering the robot arm or control
box.
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7 Disposal and Environment

Universal Robots e-Series robots must be disposed of in accordance with the applicable national
laws, regulations and standards.

Universal Robots e-Series robots are produced with restricted use of hazardous substances to
protect the environment; as defined by the European RoHS directive 2011/65/EU. These sub-
stances include mercury, cadmium, lead, chromium VI, polybrominated biphenyls and polybromi-
nated diphenyl ethers.

Fee for disposal and handling of electronic waste of Universal Robots e-Series robots sold on
the Danish market is prepaid to DPA-system by Universal Robots A/S. Importers in countries
covered by the European WEEE Directive 2012/19/EU must make their own registration to the
national WEEE register of their country. The fee is typically less than 1€/robot. 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 legislations:

— RoOHS 7
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8 Certifications

This chapter presents certificates and declarations prepared for e-Series robots with the stan-
dard control box.

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:

S

TUV NORD

DELTA

CHINA RoHS

KCC Safety

Universal Robots e-Series robots are safety ap-
proved 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 cer-
tificate in appendix B.

Universal Robots e-Series robots are performance
tested by DELTA. You can find electromagnetic
compatibility (EMC) and environmental test certifi-
cates in appendix B.

Universal Robots e-Series robots conform to
CHINA RoHS management methods for control-
ling pollution by electronic information products.
You can find a copy of the Product Declaration Ta-
ble in appendix B

According to KC Registration Information, the
Universal Robots e-Series robot, UR16e has been
evaluated for conformity assessment for use in a
work environment. Therefore, there is a risk of ra-
dio interference when used in a domestic environ-
ment. You can find a copy of the KCC Safety cer-
tificate 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, Universal Robots
@ e-Series robots shipping pallets comply with the
ISPM-15 Danish requirements for producing wood
packaging material and are marked in accordance

with this scheme.

8.3 Manufacturer Test Certification

UR Universal Robots e-Series robots undergo contin-
uous internal testing and end of line test proce-
dures. UR testing processes undergo continuous
review and improvement.

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, Universal Robots e-Series robots are partly
completed machinery, as such a CE mark is not affixed.

If the URrobotis 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 Il 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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9 Warranties

9.1

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 con-
tained 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 down-
loads). The purchase receipt, together with the date of purchase, shall be required as evidence
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 replaced 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 manufacturer’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, inci-
dental, 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 therefore
reserves the right to upgrade the product without prior warning. Universal Robots takes every
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UNIVERSAL ROBOTS 9.2 Disclaimer

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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A Stopping Time and Stopping Distance

NOTE:

You can set user-defined safety rated maximum stopping time and
distance. See 2.1 and 13.2. If user-defined settings are used, the
program speed is dynamically adjusted to always comply with the
selected limits.

The graphical data provided for Joint 0 (base), Joint 1 (shoulder) and Joint 2 (elbow) is valid
for stopping distance and stopping time:

+ Category 0
+ Category 1
+ Category 2

Note: These values represent a worst case scenario; your values will be different.

The Joint 0 test was carried out by performing a horizontal movement, where the rotational axis
was perpendicular to the ground.

During the Joint 1 and Joint 2 tests, the robot followed a vertical trajectory, where the rotational
axes were parallel to the ground, and the stop was performed while the robot was moving down-
ward.

Version 5.5 I-55 UR16e

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



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

R

" UNIVERSAL ROBOTS

T 0.12 T
@@ extension 100% &—® extension 100%
0.08/|*® extens?on 66% 0.10| | ®® extension 66% y
—® extension 33% —e extension 33%
0.06 0.08t
0.061
0.04 ,/
0.04} //
0.02 ] 0.02} .‘/é’/‘
0.00 : 0.00

speed 33% speed 66% speed 100% speed 33% speed 66% speed 100%

(a) Stopping distance in meters for 33% of maximum (b) Stopping distance in meters for 66% of maximum
payload payload

®—® extension 100%
®—® extension 66%
®—® extension 33%

0.10

0.05¢

0.00+

speed 33% speed 66% speed‘ 100%

(c) Stopping distance in meters for maximum payload
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Figure A.2: Stopping time for joint 0 (BASE)
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Figure A.4: Stopping time for joint 1 (SHOULDER)
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Figure A.5: Stopping distance and time for joint 2 (ELBOW)
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B Declarations and Certificates

This chapter presents certificates and declarations prepared for the e-Series robots with the standard
control box.

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: UR3e, UR5e, UR10e,UR16e (e-Series)

Serial Number: Starting 20195000000 and higher — Effective 17 August
2019

Incorporation: Universal Robots UR3e, UR5e, UR10e and UR16e shall

only be putinto service upon being integrated into a final
complete 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:

| Machinery Directive 2006/42/EC — The following essential requirements have been fulfilled: 1.1.2,
1.1.3,1.1.5,1.2.1,1.2.43,1.2.6,1.3.4,1.3.8.1,1.5.1,1.5.2,1.5.6, 1.5.10, 1.6.3, 1.7.2, 1.7.4, 4.1.2.3 It
is declared that the relevant technical documentation has been compiled in accordance with Part B
of Annex VIl of the Machinery Directive.
Il Low-voltage Directive 2014/35/EU — Reference the LVD and the harmonized standards used below.
[l EMC Directive 2014/30/EU — Reference the EMC Directive and the harmonized standards used be-
low.

IV RoHS Directive 2011/65/EU — Reference the RoHS Directive 2011/65/EU
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UNIVERSAL ROBOTSB.1 EU Declaration of Incorporation in accordance with ISO/IEC 17050-1:2010

V WEEE Directive 2012/19/EU — Reference th WEEE Directive 2012/19/EU

Reference the harmonized standards used, referred to in Article 7(2) of the MD &
LV Directives and Article 6 of the EMC Directive

(I) EN ISO 10218-1:2011

TUV Nord Cert. 4470814097607
(I) EN ISO 13732-1:2008

() EN ISO 13849-1:2015
TUV Nord Cert. 4420714097610

() EN ISO 13850:2015

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

(II) EN 60320-1:2001/A1:2007
(II) EN 60529:1991/A2:2013

(I EN
5:1997/A11:2013
(Il) EN 61000-6-2:2005

(D) EN 61000-6-
4:2007/A1:2011

(I) EN 61131-2:2007

(I1) EN 61140:2002/A1:2006

60947-5-

(NEN 1SO 13849-2:2012
Reference to other technical standards and specifications used:

(1) 1SO/TS 15066 as applicable | (Ill) IEC 60068-2-64:2008 (I1) IEC 61784-3:2010 (SIL2)

(Ill) IEC 60068-2-1:2007 (I1) IEC 60664-1:2007 ISO 14664-1:2015 (Clean-
room Class 6

(1) IEC 60068-2-2:2007 (1) IEC 60664-5:2007 for control assembly with en-
closure

(Il IEC 60068-2-27:2008 (I) IEC 61326-3-1:2008 and Class 5 for UR3e, UR5e,
UR10e and

UR16e 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.

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

Odense Denmark, 17 August 2019 Utttz A70

Name: Roberta Nelson Shea
Position/ Title Global Technical Compliance Officer

AL+

Phone +45 8993 8989
Fax +45 3879 8989

Universal Robots A/S, Energivej 25, DK-5260 Odense S, Denmark
CVR-nr. 29 13 80 60

info@universal-robots.com

www.universal-robots.com
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B.2 Safety System Certificate

ZERTIFIKAT
CERTIFICATE

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

Universal Robots A/S
Energivej 25

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

Fertigungsstéatte Universal Robots A/S
Manufacturing plant Energivej 25
5260 Odense S
Denmark
Beschreibung des Produktes  Industrial robot UR16e, UR10e, URSe and UR3e LLod @

(Details s. Anlage 1)
Description of product
(Details see Annex 1)

TOV NORD CERT
GmbH

Geprift nach EN 1SO 10218-1:2011
Tested in accordance with

Registrier-Nr. / Registered No. 44 780 14097607 Glltigkeit / Validity
Prifbericht Nr. / Test Report No. 3524 9416 von / from 2019-07-16
Aktenzeichen / File reference 8003008239 bis / until 2024-07-15
. [J
A laud
Zertlfiziefungsstelle der Essen, 2019-07-16

TUV NORD CERT GmbH

TUV NORD CERT GmbH Langemarckstrale 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 overleaf
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B.2 Safety System Certificate

ZERTIFIKAT
CERTIFICATE

Hiermit wird bescheinigt, dass die Firma / This is to certify, that the company

Universal Robots A/S
Energivej 25

5260 Odense S

Denmark

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

Universal Robots A/S
Energivej 25

5260 Odense S
Denmark

Fertigungsstatte:
Manufacturing plant:

Beschreibung des Produktes
(Details s. Anlage 1)
Description of product
(Details see Annex 1)

Geprift nach: EN ISO 13849-1:2015, Cat.3, PL d

Tested in accordance with:

Registrier-Nr. / Registered No. 44 207 14097610
Prifbericht Nr. / Test Report No. 3524 9741
Aktenzeichen / File reference 8003008239

A
Zertifizierdngsstelle der TUV NORD CERT GmbH
Certification body of TUV NORD CERT GmbH
TUV NORD CERT GmbH

Langemarckstrale 20 45141 Essen

Bitte beachten Sie auch die umseitigen Hinweise
Please also pay attention to the information stated overleaf

Universal Robots Safety System e-Series
for UR16e, UR10e, UR5e and UR3e robots

EN 1SO 13849-1
PLd" /

“~ ///
Giiltigkeit / Validity
von / from 2019-07-16
bis / until 2024-07-15
Essen, 2019-07-16

www.tuev-nord-cert.de technology@tuev-nord.de
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B.3 China RoHS UNIVERSAL ROBOTS

B.3 China RoHS

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

R ABAFYEATESHESETAET

i Toxic and Hazardous Substances and Elements 3 ¥ H ¥t R
A 31 I 3
i R & Hexavalent | Jﬁ:ﬂi 4| Polybrominated
Lead (Pb) | Mercury (Hg) [ Cadmium (Cd) | Chromium [ BN iphenyl ethors
(Cr+8) 581 (peDE)
UR Robois
UR31 URS [ UR10
UR#LE A,
URIURSURTD X 0 X 0 X X

{0 Indicaies that this touc or hazardous subsiance contained in all of the homogeneous maiesials for this part is below the imit requinzment in
SHT11363-2006.
CEFEASTEHENAEEEAMEREAH A REENT NB-NNNENERERLT «

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

N EREETERNAE s EISsAE-AEAE S REESIT 136Dk Ee ERER -

(BUTEh  BERTERAY LEFTCHEAFEETE—S 8% )

Items below are wear-out tems and therefore can have uceful lves lece than emironmental voe perod:

FHHERMKER BEMEs ERSE o EET R EERRE

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

WEE, T, e, SRR NiH, 20, maE s, BN

Refer 1o preduct manual for detailed conditions of use.

FEERHRBERE=SFH

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

Univesgal Robots BEE BB i = R A A8 T8~ 8, {8 Universal Rebos TREAMER LS
T the maximum extent permitied by law, Customer shall be solely responsible for complying with, and shall atherwise 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 lndustry Order £39) of the Peoples Republic of China otherwise 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 optons set forth at hiipwaw teradyne comiabout-teradynelcorporate-social-responsbility, as the same may be amendad by Teradyne ce Univerzal
Febats.
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UNIVERSAL ROBOTS B.4 Environmental Test Certificate

B.4 Environmental Test Certificate

. . . / 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:

UR10 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, URS5 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.5 EMC Test Certificate

UNIVERSAL ROBOTS

B.5 EMC Test Certificate

FORCE
L

Attestation of Conformity no. 119-29304-A1

FORCE Technology has performed compliance testing on electrical products since 1967. FORCE Technology is an accredited test house
according to EN17025 and participates in international standardization with organizations such as CEN/CENELEC, IEC/CISPR and ETSI.
This attestation of conformity with the below mentioned standards and/or normative documents is based on accredited tests and/or
technical assessments carried out at FORCE Technology.

Attestation holder

Universal Robots A/S
Energivej 25

5260 Odense S
DENMARK

Product identification

UR16e — 6-axis robot arm

Manufacturer

Universal Robots A/S

Technical documentation

FORCE Technology test report 119-24864-1, dated 03 June 2019.

Standards/Normative documents

IEC 61000-6-1:2016
IEC 61000-6-2:2016
IEC 61000-6-3:2006 + AMD1:2010
IEC 61000-6-4:2018
IEC 61326-3-1:2017

EMC Directive 2014/30/EU, Article 6
EN 61000-6-1:2007

EN 61000-6-2:2005

EN 61000-6-3:2007 + A1:2011

EN 61000-6-4:2007 + A1:2011

EN 61326-3-1:2017

The product identified above has been assessed and complies with the specified standards/normative documents. The attestation
does not include any market surveillance. It is the responsibility of the manufacturer that mass-produced apparatus have the same
properties and quality. This attestation does not contain any statements pertaining to the requirements pursuant to other standards,
directives or laws other than the above mentioned.

Signature Digitally signed by

KnUd A- Knud A. Baltsen
Date: 2019.07.04

Baltsen ;050020200

Signed by: Knud A. Baltsen, Senior Specialist, Product Compliance

FORCE Technology
Agro Food Park 13
8200 Aarhus Il
Tel.+4543 25 14 00
Fax

FORCE Technology Norway AS
Nye Vakas vei 32

1395 Hvalstad, Norway

+47 64 00 3500

+47 64 00 3501
info@forcetechnology.no

FORCE Technology Sweden AB
Tallmétargatan 7

3001
info@forcetechnology.se

FORCE Technology

2605 Brgndby, Denmark

Park Allé 345

+45 43 25 00 00
+4543 2500 10

info@forcetechnology.dk
www.forcetechnology.com
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C Applied Standards

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 har-
monized 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
IEC 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
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The emergency stop function is designed as a Stop Category 1 according to this standard. Stop Category
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.

1ISO 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.

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-Z434-14

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.

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
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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 1/0s 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 mechani-
cal latching function

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.

Version 5.5 1-69 UR16e

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



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

UNIVERSAL ROBOTS

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.

I1SO 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 Man-
ual.

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
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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
2mm

The electrical circuitry of UR robots is designed in compliance with this standard.
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D Technical Specifications

Weight 33.1kg / 72.91b

Reach 900 mm / 35.4in

Speed Base and Shoulder joints: Max 120 °/s.
All other joints: Max 180 °/s.
Tool: Approx. 1m/s / Approx. 39.4in/s,

Force Torque Sensor Accuracy 5.5N

Footprint ?0190mm / 7.5in

Control Box Size (W x H x D) 460 mm x 449mm X 254mm / 18.2in x 17.6in x 10in

Tool I/O Ports 2 digital in, 2 digital out, 2 analogue in

I/0O Power Supply 24V 2 A in Control Box

Communication TCP/IP 1000 Mbit: IEEE 802.3ab, 1000BASE-T Ethernet
socket, MODBUS TCP & EtherNet/IP Adapter, Profinet

Noise Robot Arm: Less than 65dB(A) Control Box: Less than
50dB(A)

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

Cleanroom classification Robot Arm: ISO Class 5
Control Box: ISO Class 6

Power consumption Approx. 350 W using a typical program

Materials Aluminium, PP plastic

Power supply 100-240 VAC, 47-440 Hz
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E Safety Functions Tables

E.1 Table1

UR e-Series Safety Functions and Safety /O are PLd, Category 3 (ISO 13849-1), with

certification by TUV NORD (certificate # 44 207 14097610)

Safety Function (SF) Descriptions (see Chapter 2 of manual)

For safety I/0, the resulting safety function including the extemal device or equipment is defermined by the overall architecture and
the sum of all PFHdSs, including the UR robot safety function PFHd.

NOTE: All safety functions are individual safety functions.
If any safety function limit is exceeded, or a fault is detected in a safety function or safety-related part of the
control system, the result is a Category 0 stop (immediate removal of power) according to IEC 60204-1.

Safety - What is
SF # .- |Description What happens? |Tolerance] PFHd
Function P PP affected?
Pressing the Estop PB on the pendant’ o the Extemal Estop
1234 (if using the Estop Safety Input) results in a Cat 1 stop® with
257 |power removed from the robot actuators and the toal /0.
1 EMETGeNnCY |commandemon sookman not ssinea. 2 jeints to stop and upon all Category 1 stop 1.30E-07 _Rob'_)t
StD_P jjoints coming to @ monitored standstill state, power is removed. | (IEC 60204-1) - . m”rg;"%o
(fscg""g;‘go‘;’ See Stop Time & Stop Distance Safety Funcions<. robot
ONLY USE FOR EMERGENCY PURPOSES, not
safeguarding.
This safety function is initiated by an external protective device
Safequard |using safety inputs which will initiate a Cat 2 stap®. The tool
Stgp‘ 110 are unaffected by the safequard stop. Various configuration| Category 2 stop
o | (Protective |® Provded eyl 1.20E-07| Rob
Stop | See the Stop Time and Stop Distance Safety Functions*. (assii stop n - hniend obot
according to | For the functional safety of the complete integrated safety IEC §1800-5-2)
180 10218-1) | function, add the PFHA of the external protective device fo the
PFH of the Safequard Stap.
Sets upper and lower limits for the allowed joint positions. Will not allow motion
Joint |Stopping time and distance is not a considered as the limit(s) | 10 exceed any limit
Position | "ot b€ vidlated seftings.
3 Limit _|Each joint can have its own limits. mﬂ?ﬁ:‘f“;ﬂﬁ““ 5o | 12007 Joint
(soft axis |D7eCty fmis the setof alowed joint positons that thejonts | not exceed any imit (each)
L can move within. It is sef in the safety part of the User A protective stop will
limiting) | iptessace. it is a means of safety-ated soft axis limiting & be initated to prevent
space limiting, according fo IS0 10216-1:2011, 5.12.3. exceeding any limit_

' Communications between the Teach Pendant, conroller & within the robot (between joints) are SIL 2 for safety data, per IEC 61784-3.

2 Estop validation: the pendant Estop pushbutton is evaluated within the pendant, then communicategEmo Socimank not dsfined. i, the safety
confroller by SIL2 communications. To validate the pendant Estop functionality, press the Pendant Estop pushbutton and verify that an Estop
results. This validates that the Estop is connected within the pendant, functioning as intended, and the pendant is connectad to the controlier.
#Stop Categories according to [EC 60204-1 (NFPATY). Only Category 0 and 1 stops are allowed for the Estop.
» Category 0 & 1 result in the removal of drive power, with Cat 0 being IMMEDIATE & Cat 1 being a controlied stop (decelerate then
removal). With all UR robots, a Category 1 stop is a controlled stop where power is removed when a monitored standstill state is detected.
» Category 2 is a stop where drive power is NOT removed. Category 2 stops are defined in IEC 80204-1. Descriptions of 5T, 351 and 552
are in [EC 61800-5-2. With UR robots, a Category 2 stop maintains the trajectory then retains power to the drives after stopping.

* It is recommended to use the UR e-series’ Stop Time and Stop Distance Safety Functions. These limits should be used for your application
stop time/ safety distance values.
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) Safety i What is
SF 4 .”  |Description What happens? |Tolerance| PFHd
Function P PP affected?
Sets E!n. upper limit f?r the JUI.HI .speed. Will ot allow motion
Each joint can have its own limit. to exceed any limit
. This safety function has the most influence on energy fransfer settings.
Joint  (upon contact (clamping or transient). Speed could be Joint
4 | Speed |pjectly limits the st of allowed joint speeds which the joints | Feduced so motion will| 1.15 °/s | 1.20E-07 (each)
Limit  |ave allowed to perform. It is setin the safety setup part of the | NOLexceed any limit.
User Interface. A protective stop will
Used to limit fast joint movements, e.q. risks related to be Inmat_ed o prevent
; - exceeding any limit.
singuiarities.
Exceeding the infernal joint torque limit (each joint) results in a
Joint |Cat0stop®. Thisis shown as SF #5 in the Generation 3 (CB3)
T UR robos.
OTqUE | ryis is ot accessible to the user; it is a factory setting.
Limit (1t js NOT shown as a safety function because there are no
user settings and no user configuration possibilities.
Called various |Monitors the TCP Pose (position and orientation) and will
names  |prevent exceeding a safety plane or TCP Pose Limit.
Pose Limit [Multiple pose limits are possible (tool flange, elbow, and up to
Tool |2 configurable tool offset paints with a radius) 3e TCP
_ | Orientation | Orientation restricted by the deviation from the feature Z Tool
5 Limit |direction of the tool flange OR the TCP. 1.20E-07 " oo
Safgty | This safety function consists of two pars. One s the safety ange
Planes |Planes forlimiting the possible TCP positions. The second is | Will not allow motion 40 mm Elbow
Saf the TCP orientation limit, which is entered as an allowed to exceed any limit
a Bty_ direction and a tolerance. This provides TCP and wiist settings.
Boundaries | iuciusion exciusion zones due to the safety planes. Speed or forques
could be reduced so
Speed Monitors the TCP and elb i i motion will not exceed 50
& | Limit TCP Sp?:er:’cnlrismite and elbow spe prevent exceeding a any limit. el 120E-07| TCP
& Elbow '
A protective stop will
The Force Limit s the force exerted by the robot atthe TCP | 22 '”“'E[';.e" o prevent
(tool center point) and “elbow™. The safety function exceding any limit.
continuously calculates the torques allowed for each joint to ) .
F stay within the defined force limit for both the TCP & the elbow.|Will not allow motion
oree . ) o to exceed any limit
7 Limit The joints control their torque output to stay within the allowed settinas 25N | 1.50E-07 TCP
TCP torgue range. This means that the forces at the TCP or elbow 95 '
( ) will stay within the defined force limit.
When a monitored stop Is initiated by the Force Limit SF, the
robot will stop, then “back-off to a position where the force
limit was not exceeded. Then it will stop again.
Momentum | The momentum limit is very useful for limiting transient kg
8 Limit  [impacts. The Momentum Limit affects the entire robot. mis | 120507 Robot
This function monitors the mechanical work (sum of joint
torgues times joint angular speeds) performed by the robot, T
Power [wnich aiso affects the curent 1o the robot arm as well asthe | CYnamic limiting
9 - bot speed of the current/ | 10W | 1.50E-07| Robot
Limit |roRotspeed. toraue
This safety function dynamically limits the current/ torque but q
maintains the speed.
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. Safety . What is
SF# .- |Description What happens? |Tolerance| PFHd
Function P PP affected?
FReal time monitoring of conditions such that the stopping time )
limit will not be exceeded. Robot speed is limited to ensure Will not allow the
that the stop time limit is not exceeded. actual stopping time to
New | Stopping The contral 3W continuously calculates the stopping capability e:ce;dt;:e fimit
A .= |of the robot in the given motion. If the time needed to stop the 9 | 50ms |1.20E07| Robot
15 |Time Limit _ - ) R . Causes decrease in
robotis at risk of exceeding the time limit, the speed of motion soeed or a protective
is reduced to ensure the limit is not exceeded. pe P
; ) stop so as NOT to
The safety function performs the same calculation of the exceed the fimit
stopping time and initiates a cat 0 stop if they are exceeded.
Real time monitoring of conditions such that the stopping
distance limit will not I?E excee_de_d. .Rﬂbﬂt speed is limited to Will not allow the
ensure that the stop distance limit will not be exceeded. actual stopping time to
Stopping The control SW confinuously calculates the stopping capability exceed the imit
New | - of the rabot in the given motion. If the distance needed to stop sefting.
16 | Distance | obotis at risk of exceeding the distance imit, the speed of | Causes decreasein | 20 MM | 1-20E-07 | Robot
Limit | motion is reduced to ensure the limit is not exceeded. spead or a protective
The safety function performs the same calculation of the stop so as NOT fo
stopping distance and initiates a cat 0 stop if they are exceed the limit
exceeded.
Safety function which monitors a safety rated output, such that | 1he "safe home
it ensures that the outout can only be activated when the robot | OUTpUE” can only be External
New |Safe Homeis in the configured “safe home position”. activated when the 17 | 1.20E-7 | comnection
4 L L . i .
17| Position | cat 0 stopis initiated i the outputis activated when the robot | T0POLIS I the 1o logic &/orf
is not in the configured position configured “safe home equipment
' position”
When configured for Estop output and there is an Estop
condition (see SF1), the dual outputs are LOW. Ifthere is no
Estop condition, dual outputs are high. Pulses are not used
but they are tolerated. External
UR Robot | ror the integrated functional safety rating with an external connection
10 | Estop |Estop device, add the PFH of the UR Estop function (SFO or ATOE-08 f, '\ gic avor
Output |SF1) fo the PFHd of the external logic (i any) and its equipment
components (e.g. Estop pushbutton).s
For the Estop Cutput, validation is performed at the external
equipment, as the UR output is an input 1o this external
equipment.
Whenever the robot is moving (motfion underway), the dual
UR Robot ;%E:—::;E:ms are LOW. Outputs are HIGH when no External
11 MSV.':;?: The functional safety rating is for what is within the UR robot. 1.20E-07 I‘;"I""Tf:_ﬁ'g"
ai The integrated functional safely performance requires adding e (:? m&ln t
Qutput  |tnis PFHd to the PFHG of the external fogic (if any) and its quip
COMponents.

% Estop validation: the pendant Estop pushbutton is evaluated within the pendant, then communicatedEmor Beckmark net defined. ¢ the safety controller by SIL2
communications.

To validate the pendant Estop function, press the Pendant Estop pushbution and verify that an Estop results. This validates that the Estop is connected within
the pendant, functioning as intended, and the pendant is connected to the coniroller. The connection from the pendant fo the safety controller is by safety
communications according to SIL 2.
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. Safety L What is
SF # .*  |Description What happens? [Tolerance| PFHd
Function P PP affected?
Whenever the robot is STOPPING (in process of stopping or in
UR Robot |2 Stand-still condition) the dual digital outputs are HIGH.
Not When outputs are LOW, robot is NOT in the process or External
\ stopping and NOT in a stand-still condition. i
12 | stopping: pping @ o o 1.20E-07 mlnm'acg.?“
Digital The functional safety rating is for what is within the UR robot. o OCI_IIC forg
Output The integrated functional safety performance requires adding equipment
UIPUL \tnis PP to the PEHG of the extemal logic (if any) and its
components.
Whenever the robot is in reduced mode (or reduced mode
UR Robot |is initiated), External
Reduced |the dual digital outputs are LOW. See below. co:n::r:?on
13 Mode: | The functional safety rating is for what is within the UR rabot. 1.20E-07 | logic &/or]
Digital The integrated functional safely performance requires adding equipment
Qutput |this PFHd to the PFHd of the external logic (if any) and its
components.
UR Robot |whenever the robot is NOT in reduced mode (or the reduced
Not mode is not initiated), the dual digital outputs are LOW. External
14 Reduced |The functionar safety rating is for what is within the UR robot. 1.20E-07 | connection
Mode: | The integrated functional safety performance requires adding ) to logic &for
Digital |this PFHd to the PFHd of the extemal logic (if any) and its equipment
Output |companents.
Reduced Mode can be initiated by a safety planef boundary
(starts when at 2cm of the plane and reduced mode seffings PFHd is
are achieved within 2cm of the plane) or by use of an input to either
Reduced |initiate (will achieve reduced settings within 500ms). 1.20E-07
Mode  |When the exteral connections are Low, Reduced Mode is or
- SF  |initiated. Reduced Mode means that ALL reduced mode limits 1.50E-07| Robot
settings |are ACTIVE. depending
change |Reduced mode is not a safety function, rather it is a state on the
the settings of the following safety function imits: joint safety
position, foint speed, TCP pose limit, TCP speed, TCP force, function
momentum, power, stopping time, and stopping distance.
When configured for Safeguard Reset and the external Input to
| Safeguard |connections transition from low fo high, the safeguard stop SF2 Robot
Reset |RESETS. Safety input to initiate a reset of safeguard stop
safety function. See SF2
, | Safety . What is
SF # .~ |Description What happens? |Tolerance| PFHd
Function P PP affected?
When the extamal Enabling Device connactions are Low, a
Safeguard Stop (SF2) is initiated.
Recommendation: Use with a mode switch as a safety input. Input to
3 Position |ir 5 mode switch is not used and connected to the safety ng
Enabling |inputs, then the robot mode will be defermined by the User Rob
- Device |Inferface. [fthe User interface isin See SF2 obot
INPUT » ‘run mode”, the enabling device will not be active. safseg:uard
* ‘programming mode”, the enabling device will be active. It P
is possible to use password protection for changing the
mode by the User Interface.
When the external connactions are Low, Operation Mode
(runningf automatic operation in automatic mode) is in
effect. When High, mode is programming/ teach. Input to
Mede |Recommendation: Use with a 3-position enabling device. SF2
— | switch |When in teachiprogram, initially the TCP speed will be iimited See SF2| Robot
INPUT  |fo 250mm/s. safequard
The speed can manually be increased by using the pendant stop
user inferface “speed-shider”, but upon activation of the
enabiing device, the speed limitation will reset to 250mmi/s.
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Global safety standards for all industrial robots®

10 10218-1: Manufacturer of robots

150 13849-1 & -2: Provides safety requiremeants and guidance on the
pringiples for the design and integration of safety- related parts of
control systems (SRP/CS), including safety software.

Global safety requirements for robot systems

150 10218-2: Integrator of robot systems

A risk assessment is mandatory for the robot system because itis a
completed machine. A risk assessment is the overall process
comprising a risk analysis and a risk evaluation. This means identifying

all risks and reducing these risks to an acceptable level (See 150 12100).

150 13849-1 & -2: Safety-related parts of control systems

150/T5 15066 is NOT a standard; it is a Technical Specification with
additional guidance and requirements for collaborative applications.
An informative annex includes a research study on pain thresholds. it
has been adopted by various countries including in Europe. USA
adopted it as a technical report (RIA TR R15.606).

Global acceptance of ISO 10218-1 and 1SO 10218-2

150 10218-1, -2 have been adopted as key safety standards for
industrial robots by many countries including:

# Europe: Harmonized, shown as EN 130 10218-1 & -2

* USA: National adoption as ANSI/RIA R15.06

* Canada: National adoption as CAN/CSA Z434

# Japan: National adoption as JIS B 8433-1

» Republic of Korea: National adoption as K5 B 150 10218-1/-2

Regulations about machine safety in EU countries

All machines installed within EU shall comply with the essential health
and safety requirements listed in ANNEX | of the Machinery Directive
(MD) 2006/42/EC.
It is not required to comply with any standard, however, [S0 10218-1,
150 10218-2 and IS0 13849-1 are harmonized under the MD.
Harmaonized standards have an “EN" prefix, e.g. EN 150 10218.
Complying with @ harmonized standard provides a presumption of
conformity with the relevant MD essential requirements.
For a completed machine [robot system), the following is required:
* Arisk assessment of the intended use(s);
» |nstructions for use;
= A CE Declaration of Conformity (DOC);
A DOI {(Declaration of Incorporation) is provided for incomplete or
partial machines. Robots are incomplete machines. A DOl is
provided to enable integrators to CE mark their robot system.
* Marking, including the CE mark, on the completed machine (robot
system) according to AMNEX 1II;
= A supplier's “technical file”, to be stored for 10 years.

Key safety clauses from 150 10218-1

§5,10: Robots designed for collaborative operation shall comply
with 1 or more of the reguirements ing5.10.2 through §5.10.5

§5.10.2 safety-rated monitored stop
A Category 2 stop according to IEC 60204-1, monitored according
to functional safety requirements in§5.4.

UR rabots: Safeguard Stop safety function fulfils§5.10.2.

§5.10.5 power and force limiting by inherent design or control
Power and force limiting of the robot shall comply with §5.4. If
any parameter limit is exceeded, a protective stop shall be issued.
Whether an application is collaborative is determined by the
application risk assessment. 150 10218-2 is used for the robot
system and rebot application — collaborative or non-collaborative.

§5.12.3 safety-rated soft axis and space limiting
Soft limits are software-defined limits to robot motion. Space
limiting is used to define any geometric shape which may be used
as an inclusionary or exclusionary zone, either limiting robot
motion within the defined space, or preventing the robot from
entering the defined space.
With UR robots, the following can be used for §5.12.3:
* Safety Boundaries (Planes);
= Joint Position Limits;
* Pose Limits for the tool flange and TCP.
With the e-Series, Pose Limits also include the elbow, and two
configurable tool offset points with @ radius.

% |50 robot safety standards are developed by 150 TC 293
(Technical Committee 299), with industrial robots handled by WG 3.
UR is a very active member of TC299 WG3.
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E.2

Table 2

UR e-Series robots comply with 150 10218-1:2011 and the applicable portions of ISO/TS 15066 It is important to note that most
of ISOITS 15066 is directed towards the integrator and not the robet manufacturer. 150 10218-1:2011, clause 5.10 collaborative
operation details 4 collaborafive operation techniques as explained below.
It is very important o understand that collaborative operation is of the APPLICATION when in AUTOMATIC mode.

# | 1s010218-1 | Technique Explanation UR e-Series
Stop condition where position is held at a standstill and UR robots’ safeguard stop isa safety-
collaborati is monitored as a safety function. Category 2 stop is rated monitored stop,
%;e[oa{;):'e Safetyrated | PEMMitted to auto reset See SF2 on page 1.
1 2011 edition monitored | n the case of resetiing and restarting operation aftera |
dlause 5.10.9 stop safety -rated monitored stop, see 150 10218-2 and Itis likely, in the future, that “safety-rated
ISQITS 15066 as resumption shall not cause monitored stop” will not be called & form of
hazardous conditions. collaborative operation.
This is essentially individual and direct personal control ) .
while the robot is in automatic mode. UR robots do not provide hand-guiding
. for collaborative operation.
Collaborative Hand guiding equipment shall be located close to the
Operation - end-effactor and shall have:

2 201'3 1 editon, | End-guiding . Hand-guided teach (free drive) is provided
cl 5103 »an Eme.r_gency Stqp push.hultonl and with UR robots but this is for programming
ause 915 * a 3-position enabling device; and in manual mode and not for collaborative

+ a safety-rated monitored stop function; and operation in automatic mode.
+ 2 settable safety-rated monitored speed function.
35M is the robot maintaining a separation distance
f?m gt UPEFE“;;L’:””E rr"]- Tgis Is d‘tm by ;"0”“0”"9 To facilitate SSM, UR robots have the
of the distance en the robot system an capability of switching between two sets
infrusions o ensure that e MINIMUM PROTECTIVE | et 20 P e S0 et etions with
DISTANCE is assured. configurable limits (normal and
Presently, this is accomplished using Sensitive reduced).
Protective Equipment (SPE), where typically a safety | See Reduced Mode on page 4.
Speed & laser scanner detects intrusion(s) ) Normal operation can be when no intrusion
Collaborative | separaion | [0Wards the robot system and causing is detected. It can also be caused by safety
3 Operation monitoring 1) ?H‘Tmlﬁ :flal;rl%ngd? Th? parameters for the planes/ safety boundaries.
2011 edition (S5M) Imiting 5 nctions, or Muit
] ] . - ple safety zones can be readily used
clause 5.10.4 safety 2) a safety-rated monitored stop condition. with UR robots. For example, one safety
functions | |ypon detection of the intrusion exiting the protective zone can be used for “reduced settings”
device's detection zone, the robot is permitted to and another zone boundary is used as a
a) resume the “higher” normal safety function limits | safeguard stop input to the UR robot.
in the case of 1) above; Reduced limits can also include a reduced
b) resume operation in the case of 2) above. seffing for the stop time and stop distance
In the case of 2} b) restarting operation after a safety - limits - o reduce the work area and
rated monitored stop, see 150 10218-2 and fioorspace.
ISQITS 15066 for requirements.
How to accomplish PFL is left to the robot UR rohots are power and force limiting
manufacturer. The robot design andfor safety functions robots that were specifically designed to
will limit the enerqy transfer ?rom the rob mtI{: a enable collaborative applications where
ay S . the robot could contact a person and
Powerand | person. If any parameter limit is exceeded, a protective cause no it
Collaborative | force limiting | Stop happens. Jury.
Operation PFL) b S . L UR robots have safety functions that can be
4 2.:]1p 1 edition I{irlher}len:;r PFL applications require considering the ROBOT used to imit rnotionegpeed momentum
d 510 é desian or APPLICATION (including the end-effector and farce. power and mE:ure of II‘IIB robot :
ause .10 wngml workpieca(s), so that any contact will not cause injury. PO :
The study performed evaluated pressures to the These safety functions are used in the robot
OMNSET of pain, not injury. See Annex A. application to thereby lessen pressures and
See ISOITR 20218-1 End-efiactors forces caused by the end-efector and
workpiece(s).
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FAQs

Do UR robots comply with
IS0 10218-1 (EN IS0 10218-1)7

Yes, both Generation 3 (CB3) and e-Series are certified to comply with EN IS0 10218-1.

(Often the below questions are asked about UR robots and clauses of EM IS0 10218-1.
§5.7.1: Mode selector which can be locked in each position.
Aufomatic and manual mode are usability features and nof safety functions for UR robots. Mode locking does not
contribute to nsk reduction for UR robots because the safequard stop and all safety funclions are operational in all modes.
IFthe INTEGRATION nsk assessment determines a mode selector is needed, if can be added and infegrated as ‘mode
selector” inputs fo the UR safefy controfler.
§5.7.3 and §5.8.3: Manual control of the robot from inside the safeguarded space shall be performed with a reduced
zpeed with an enabling device. ..
UR does not know if there will be a safeguarded space or if programming will take place within the safeguarded space of a
non-collaborative application. When PFL robots are infegrated info collaborative applications, an enabling device might nof
be required according fo ISO/TS 15066.
if the INTEGRATION nisk assessment defermines that an enabling device is needed for nisk reduchon, i can be added and
integrated as inputs fo the UR safety controlier.
§5.12.1: Limiting motion by mechanical stops for axis 1 and comply with §5.12.2 or §5.12.3.
UR robots provide axis limiting capabilities complefely by §5.12.3 safety-rated soft axis and space limiting safefy funcfions.
Soft axis and space hmiting is an acceptable alternate fo mechanical stops, as it achieves the same goal.

UR Robots have been certified fo comply with both IS0 10218-1 and 150 13849. UR robofs comply with the opfional
collaborafive operation requirements of §5.10.2 safefy-rated monitored stop, §5.10.5 power and force limiting, and §5.12.3
safety-rated soff axis and space fimiting. Power and force limifing safefy funcfions enable collaborafive applications where
contact with people is parmitted when contact pressurefforces are accepfable.

The robot application determines whether it is collaborative according to the risk assessment.

[f the application integrates a protective device, e g zafety laser ccanner, with the UR Robot, the application can be a
collaborative application according to “Speed and Separation Monitoring™.

What is ISOTS 15066:2016,
Technical Specification on
Collaborative Robots?

130/TS 15066 is a Technical Specification with guidance for collaborative applications to aid integrators. It alsoincludes a
research study's results on pain thresholds which can be used for verifying a collaborative (contact permitted) application.
Pain thresholds are acknowledged to be more conservative than injury thresholds. Typical workplace safety standards and
regulations require an injury-free, not a pain-free workplace.

What is IS0 1384977

150 13849-1: provides safety requirements and guidance on the principles for the design and integration of safety-related
pariz of conirol eystems (SRPICS), including the design of software. Functional safety performance is expreseed as a PFHd
(Probability of dangerous failure per hour).

150 13849-2: specifies the procedurss and conditions for the validation by analysis and testing of the specified safsty
functions, the category and the performance level of the safety function & SRP/CS according to IS0 13843-1.

What is a stop category?

“Stop Category” is a classification of how a stop operates. It is described in |EC 80204-1 (NFPATS)-

See IEC 60204-1 — Stop Category (- A stop by immediate removal of power <to the robot! robot system. It is an uncontrolled stop, where
the =robot/ robot system= can deviate from the programmed path.

— Stop Category 1: A stop with power available to the <robot! robot system= to achieve the stop <decelerate and then
power iz removed after the stop iz achieved. It is a controlled stop, where the <robot/ robot zysteme continues along the
programmed path. Power iz removed after the stop.

— Stop Category 2- A controlled stop with power available <to the robot! robot systems.

The safety-related control system monitors that position iz maintained.
What is "Cat 37 or Here “Category” refers to the architecture used for functional safety as described i 150 13849, ttis one atirbute in the
“Category 377 determination of a Performance Level (PL). With Category 3 architecture, a single fault will not lead fo a loss of the safety
See IS0 13849 function. “Category 3 is often called “dual channel.
What is "PLd" or A Performance Level [PL) is a discrete level used to specify the ability of safety-related parts of control systems to perdform
“Performance Level d°7 safety functions under foreseeable conditions. According fo 150 13849, PL=d is highly refiable. PLd is required by IS0 10218
See IS0 13840 for hazardous robot applications.

A PLis described by its PFHd (prokakility of dangerous failure per hour) where lower mean more reliable (safe) performance.

What is the difference between
Emergency stop and
Safeguard stop?

Emergency stop functions are to be used for emergencies only. Emergency stop is manually activated by a person preasing
the Emergency stop pushbution.

Safeguard stop is used to stop the robot in a zafe way, typically triggered by protective devices, e.g. sensitive protective
equipment (light curtains, safety scanners), interlocking dewices.

7 Universal Robots publishes a list of the safety functions associated with both Generation 3 (CB3) and e-Series robots. This describes each safety
function including what triggers the zafety function, the outcome of the zafety function, PL, Category, and PFHd value.
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10 Introduction

10.1 PolyScope Basics
PolyScope is the Graphical User Interface (GUI) on the Teach Pendant that operates the Robot
Arm, Control Box and executes programs.
A : Header with tabs/icons that make interactive screens available to you.

B : Footer with buttons that control your loaded program/s.

C : Screen with fields that manage and monitor robot actions.

RE2e4QMH A

Proaram__Installation __ Move Loa

Getting Started

What would you like to do first?

RUN A PROGRAM PROGRAM THE ROBOT CONFIGURE ROBOT
INSTALLATION

[ Don't show this message again

Speed Cr——) 100% B ° o o h1/|16§¢;:021018 1

Note: On start up a Cannot Proceed dialogue can appear. You must select Go to initialization
screen to turn on robot.

10.1.1 Header Icons/Tabs
Run is a simple means of operating the robot using pre-written programs.

=¥ Program creates and/or modifies robot programs.

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

Move controls and/or regulates robot movement.

Version 5.5 11-3 e-Series
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3l 1/0 monitors and sets live Input/Output signals to and from robot control

box.

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

Program and Installation Manager se-
lects and displays active program and installation (see 20.4). Note: File Path,
New, Open and Save make up the Program and Installation Manager.

New... creates a new Program or Installation.

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

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

Note: Automatic mode and Manual mode icons only appear in the Header if you set a operational
mode password.

Automatic indicates that the robot has Automatic environment loaded.
Tap it to switch to Manual environment.

Manual indicates that the robot has Manual environment loaded. Tapitto
switch to Automatic environment.

Note: Local mode and Remote mode icons only become accessible if Remote Control is enabled.

e
Local indicates that the robot can be controlled locally. Tap it to switch to
Remote control. A password must be set to access the Local Mode icon.

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

cc
Safety Checksum displays the active safety configuration.

Hamburger Menu accesses PolyScope Help, About and Settings.

10.1.2 Footer Buttons

Initialize manages robot state. When RED, press it to make the robot op-
erational.

e-Series 11-4 Version 5.5



R
10.2 Getting Started Screen UNIVERSAL ROBOTS

100%

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

Simulation

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

)’
rAElulu’El Manual High Speed allows the tool speed to temporarily exceed

250mm/s. This hold-to-run function is only available in Manual mode when a
Three-Position Enabling Device is configured.

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

E Stop halts current loaded robot Program.

10.2 Getting Started Screen

What would you like to do first?

R i 2

RUN A PROGRAM PROGRAM THE ROBOT CONFIGURE ROBOT
INSTALLATION

[ Don't show this message again

Run a Program, Program the Robot or Configure Robot Installation.

Version 5.5 11-5 e-Series

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



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

UNIVERSAL ROBOTS

10.2 Getting Started Screen

e-Series

-6

Version 5.5



11.1 Robot Arm Basics

The Universal Robot arm is composed of tubes and joints. You use the PolyScope to coordinate
the motion of these joints, moving the robot and positioning its tool as desired - except for the
area directly above and directly below the base.

Base is where the robot is mounted.
Shoulder and Elbow make larger movements.
Wrists 1 and 2 make finer movements.

Wrist 3 is where you attach the robot tool.

NOTE:
Before powering on the robot for the first time, your designated UR
robot integrator must:

1. Read and understand the safety information in the Hardware
Installation Manual.

2. Setthe safety configuration parameters defined by the risk as-
sessment (see chapter 13).

11.1.1 Installing the Robot Arm and Control Box

You can use PolyScope, once the Robot arm and Control Box are installed and switched on.

1. Unpack the Robot arm and the Control box.

2. Mount Robot arm on a sturdy surface strong enough to withstand at least 10 times the full
torque of the base joint and at least 5 times the weight of the robot arm. The surface must
be vibration-free.

3. Place the Control box on its Foot.
4. Connect the cable to the robot and the control box.

5. Plug in the main control box plug.

DANGER:
Tipping hazard. If the robot is not securely placed on a sturdy sur-
face, the robot can fall over and cause injury.

See Hardware Installation Manual for detailed installation instructions.

Version 5.5 -7 e-Series
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11.1.2 Turning Control Box On/Off

The Control Box mainly contains the physical electrical Input/Output that connects the Robot
arm, the Teach Pendant and any peripherals. You must turn on the Control Box to be able to
power on the Robot arm.

1. On your Teach Pendant, press the power button to turn on control box.

2. Wait as text from the underlying operating system, followed by buttons, appear on the
screen.

3. When a Cannot Proceed dialog appears, select Go to initialization screen to access Initial-
ize screen.

11.1.3 Turning Robot Arm On/Off

On the bottom left of the screen, the Initialize icon indicates the status of the robot arm using
colors:

+ Red The Robot Arm is in a stopped state.

+ Yellow The Robot Arm is on, but not ready for normal operation.

+ Green The Robot Arm is on and ready for normal operation.

IR =g+ QM

Robot Status

'q

Bootin Robot Brakes Robot in
Complete t Released Normal Mode

Power
ON

Payload Robot

1 Active Payload i used to temporarily ovenwrite the Installation Payload.

Active Payload Installation Payload r
i
| 0.00k 0.0015

O Normal Sp « % Simulation .

Note: Robot arm start up is accompanied by sound and slight movements as joint brakes are
released.

11.1.4 Initializing the Robot Arm

DANGER:

Always verify the actual payload and installation are correct before
starting up the Robot arm. If these settings are incorrect, the Robot
arm and Control Box will not function correctly and may become
dangerous to people or equipment.
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CAUTION:

Ensure the Robot arm is not touching an object (e.g., a table) be-
cause a collision between the Robot arm and an obstacle might
damage a joint gearbox.

To start the robot:

1.

2.
3.

Tap the ON button with the green LED to start the initialization process. Then, the LED turns
yellow to indicate the power is on and in Idle.

Tap the START button to release the breaks.
Tap the OFF button with the red LED to power off the Robot arm.

When the PolyScope starts, tap the ON button once to power the Robot arm. Then, the
status changes to yellow to indicate the robot is on and in idle. Idle.

When the Robot arm state is Idle, tap the START button to start Robot arm. At this point,
sensor data is checked against the configured mounting of the Robot arm. If a mismatch
is found (with a tolerance of 30°), the button is disabled and an error message is displayed
below it. If the mounting is verified, tapping Start releases all joint brakes and the Robot
arm is ready for normal operation.

11.2 Quick System Start-up

Before using the PolyScope, verify that the Robot Arm and Control Box are correctly installed.

1.
2.

On the Teach Pendant, press the emergency stop button.

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

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

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

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

Step outside the reach (workspace) of the robot.
On the Initialize Robot screen, touch the ON button and allow robot state to change to Idle.

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

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

NOTE:
You can learn to program your robot on Universal Robots Academy

at www.universal-robots.com/academy/

Version 5.5
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11.3 The First Program

A program is a list of commands telling the robot what to do. For most tasks, programming is
done entirely using the PolyScope. Teach the Robot Arm how to move using a series of way-
points to set up a path for the Robot Arm to follow.

Use the Move tab (see 17) to move the Robot Arm to a desired position, or teach the position by
pulling the Robot Arm into place while holding down the Freedrive button at the top of the Teach
Pendant.

You can create a program to send I/0 signals to other machines at certain points in the robot’s
path, and perform commands like if...then and loop, based on variables and 1/0 signals.

The following is a simple program that allows a Robot Arm to move between two waypoints.

1.
2.

On PolyScope, in the Header File Path, tap New... and select Program.

Under Basic, tap Waypoint to add a waypoint to the program tree. A default Moved is also
added to the program tree.

3. Select the new waypoint and in the Command tab, tap Waypoint.

. On the Move Tool screen, move the Robot Arm by pressing the move arrows.

You can also move the Robot Arm by holding down the Freedrive button and pulling the
Robot Arm into desired positions.

5. Once the Robot Arm is in position, press OK and the new waypoint displays as Waypoint_1.

. Follow steps 2 to 5 to create Waypoint_2.

. Select Waypoint_2 and press the Move Up arrow until it is above Waypoint_1 to change the

order of the movements.

. Stand clear, hold on to the emergency stop button and in the PolyScope Footer, press Play

button for the Robot Arm to move between Waypoint_1 and Waypoint_2.
Congratulations! You have now produced your first robot program that moves the Robot
Arm between the two given waypoints.

NOTE:

1. Do not drive the robot into itself or anything else as this may
cause damage to the robot.

2. This is only a quick start guide to show how easy it is to use
a UR robot. It assumes a harmless environment and a very
careful user. Do not increase the speed or acceleration above
the default values. Always conduct a risk assessment before
placing the robot into operation.

WARNING:
Keep your head and torso outside the reach (workspace) of the
robot. Do not place fingers where they can be caught.

e-Series
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11.4 Robot Registration and URCap License files

Before using the Remote TCP URCap, register the robot and download and install the URCap
License File (see 15.8).

mMmAE 24+QM

-
Follow these 3 easy steps to register your robot
Syst:
step 1 step2 step3
System
Backup
URCaps 04 @
- ‘ \
Robot o=W%w -
Registration K o— '
Remote — ﬂ
Control - \ J,
Network
Sign In at Download registration file _
Update www.universal-robots,comfactivate

O Reduced ee ‘-Ziw.\\nti-:w'u.

Registering the Robot from Your Current Screen
1. In the Header, tap the Hamburger Menu and select Settings.

2. In the menu on the left, tap System and select Robot Registration for the Settings screen
to appear.

3. Follow steps 1 and 2 on the screen to register your robot.

Downloading the URCAP License File
1. Fill in the required fields online and download the license file to your PC.
Copy the license file to the USB and connect it to the Teach Pendant.
On the Settings screen, in Step 3, tap Load file to open the Select registration file screen.
In the list, select the USB to display content and navigate to the license file.

Select license.p7b and tap Open to confirm robot registration.

o g M w N

On the bottom left, tap Exit.

Version 5.5 11-11 e-Series
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A2z 4QH

Filename: Filter:

Universal Rokots Registration files - ‘

Unregistering Robot

A new license is required if the robot changes owners. In this case, the robot must first be
unregistered.

1. In the Header, tap the Hamburger Menu and select Settings.
2. In the menu on the left, tap System and select Robot Registration.

3. On the bottom right of the Settings screen, tap Unregister.

e-Series
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12 Operational Mode Selection

12.1 Operational Modes

Operational Modes are enabled when you configure a Three-Position Enabling Device, set a pass-
word, define an Operational Mode Configurable 1/0, or via the Dasboard Server (see 12.1).

Automatic Mode Once activated, the robot can only perform pre-defined tasks. The Move Tab
and Freedrive Mode are unavailable if a Three-Position Enabling Device is configured. You cannot
modify or save programs and installations.

WARNING:

Automatic Mode Safeguard Stop can only be activated in Auto-
matic Mode, so the safeguard’s protective function is only active
in Automatic Mode.

Manual Mode Once activated, you can program the robot using the Move Tab, Freedrive Mode
and Speed Slider. You can modify and save programs and installations.

Operational mode Manual Automatic

Freedrive X *

Move robot with arrows on Move Tab X *

Speed Slider X X**

Edit & save program & installation X

Execute Programs Reduced X
speed***

Start program from selected node X

*Only when no Three-Position Enabling Device is configured.

** The Speed Slider on the Run Screen can be enabled in the PolyScope Settings.

*** |f a Three-Position Enabling Device is configured, the robot operates at Manual Reduced
Speed unless Manual High Speed is activated.

NOTE:

+ A Universal Robots robotis not equipped with a Three-Position
Enabling Device. If the risk assessment requires the device, it
must be attached before the robot is used.

+ If a Three-Position Enabling Device is not configured, speed is
not reduced in Manual Mode.

Version 5.5 11-13 e-Series
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WARNING:

+ Any suspended safeguards must be returned to full function-
ality before selecting Automatic Mode.

« Wherever possible, the Manual Mode of operation shall be per-
formed with all persons outside the safeguard space.

+ The device used to switch between Operational Modes must
be placed outside the safeguarded space.

+ The user must not enter the safeguarded space when robot
is in Automatic Mode, unless an Automatic Mode Safeguard
input is configured.

The methods for configuring Operational Mode selection are described in the following subsec-
tions. Each method is exclusive, meaning that using one method, makes the other two methods
inactive.

Using Operational Mode Safety Input
1. Inthe Installation Tab, select Safety I/0.

2. Configure the Operational Mode Input. The option to configure appears in the drop-down
menu.

3. The robot is in Automatic Mode when the Operational Mode Input is low and in Manual
Mode when the Operational Mode Input is high.

NOTE:
The physical mode selector, if used, must completely adhere to ISO
10218-1: article 5.7.1 for selection.

Using PolyScope
1. Set a Password (see 21.3.2) to switch between Operational Modes.

2. To switch between modes, in the Header, select the profile icon.

Note: PolyScope is automatically in Manual Mode when the Safety I/0 configuration with Three-
Position Enabling Device is enabled.

Using Dashboard Server

1. Connect to the Dashboard server.
2. Use the Set Operational Mode commands.

+ Set Operational Mode Automatic
+ Set Operational Mode Manual
+ Clear Operational Mode

See http://universal-robots.com/support/ for more on using the Dashboard server.
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12.2 Three-Position Enabling Device

When a Three-Position Enabling Device is configured and the Operational Mode is in Manual
Mode, the robot can only be moved by pressing the Three-Position Enabling Device. Connecting
and configuring a Three-Position Enabling Device makes Automatic Mode Safeguard Stop ac-
cessible.

The Three-Position Enabling Device has no effect in Automatic Mode.

12.2.1 Manual High Speed

The hold-to-run function, Manual High Speed, allows the tool speed to temporarily exceed 250mm/s.
It is only available when your robot is in Manual mode and a Three-Position Enabling Device is
configured. The robot performs a Safeguard Stop in Manual mode, if a Three-Position Enabling
Device is configured, but not pressed. Switching between Automatic mode to Manual mode re-
quires the Three-Position Enabling Device to be fully released and pressed again to allow the
robot to move.

Note: When using Manual High Speed, use safety joint limits (see 13.2.4) or safety planes
(see 13.2.5) to restrict the robot’s moving space.

Version 5.5 1I-15 e-Series
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13 Safety Configuration

13.1 Safety Settings Basics

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

DANGER:

Before you configure your robot safety settings, your integrator
must conduct a risk assessment to guarantee the safety of per-
sonnel and equipment around the robot. A risk assessment is an
evaluation of all work procedures throughout the robot lifetime,
conducted in order to apply correct safety configuration settings
(see Hardware Installation Manual). You must set the follow-
ing in accordance with the integrator’s risk assessment.

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

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

Installation Manual).

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

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

5. The integrator must ensure that all changes to the safety con-
figuration settings comply with the risk assessment.

13.1.1 Accessing Safety Configuration

Note: Safety Settings are password protected and can only be configured once a password is
set and subsequently used.

1.

In your PolyScope header, tap the Installation icon.

2. In the Side Menu on the left of the screen, tap Safety.
3.
4

Observe that the Robot Limits screen displays, but settings are inaccessible.

. If a Safety password was previously set, enter the password and press Unlock to make

settings accessible. Note: Once Safety settings are unlocked, all settings are now active.

Press Lock tab or navigate away from the Safety menu to lock all Safety item settings again.
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13.1 Safety Settings Basics
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You can find more safety system information in the Hardware Installation Manual.

13.1.2 Setting a Safety Password

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

1.

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

2. On the left of the screen, in the blue menu, press Password and select Safety.
3.
4
5

In New password, type a password.

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

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

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

13.1.3 Changing the Safety Configuration

Changes to the Safety Configuration settings must comply with the risk assessment conducted
by the integrator (see Hardware Installation Manual).

Recommended procedure:

1.
2.

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

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

. Verify that the settings are applied.

Place following text in the operators’ manuals:

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

13.1.4 Applying New Safety Configuration

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

13.1.5 Safety Checksum

The Safety Checksum icon displays your applied robot safety configuration and is read from top
to bottom, left to right e.g. BF4B. Different text and/or colors indicate changes to the applied
safety configuration.

Note:

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

* You must apply your changes to the Safety Configuration for the Safety Checksum to re-
flect your changes.

13.2 Safety Menu Settings

This section defines Safety menu settings that make up your robot Safety configuration.

13.2.1 Robot Limits

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

1. Factory Presets is where you can use the slider to select a predefined safety setting . The
values in the table are updated to reflect the preset values ranging from Most Restricted to
Least Restricted
Note: Slider values are only suggestions and do not substitute a proper risk assessment.
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N By Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
Robot Limits easenably eliminated or risks that are not sufficiently reduced.

Joint Limits

Factory Presets
Planes @ Y .
' l ] l
Tool Position Most Restricted Least Restricted
Tool
Direction O Custom
110
Hardware Limit Normal Reduced
Safe Home Power 300 200 .
Mormentum 25.0 10.0 ®
Three
Position Stopping Time 400 300
Stopping Distance 500 300
> Fieldbus Tool Speed 1500 750 .
Tool Force 150.0 120.0
Elbow Speed 1500 750
Elbow Force 150.0 120.0 .
ety pasovord Uriock Py

O Power off

2. Custom is where you can set Limits on how the robot functions and monitor the associated
Tolerance.

Power limits maximum mechanical work produced by the robot in the environment.
Note: this limit considers the payload a part of the robot and not of the environment.
Momentum [imits maximum robot momentum.

Stopping Time limits maximum time it takes the robot to stop e.g. when an emergency
stop is activated.

Stopping Distance limits maximum distance the robot tool or elbow can travel while stop-
ping.

NOTE:

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

Tool Speed limits maximum robot tool speed.

Tool Force limits the maximum force exerted by the robot tool in clamping situations.
Elbow Speed limits maximum robot elbow speed.

Elbow Force limits maximum force that the elbow exerts on the environment.

The tool speed and force are limited at the tool flange and the center of the two user-defined
tool positions, see 13.2.8.
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Y Bty Use of Safety Configuration parameters different from those defined by the risk assessment can result in hazards that are not
Robot Limits reasonably eliminated or risks that are not sufficiently reduced.
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NOTE:
You can switch back to Factory Presets for all robot limits to reset
to their default settings.

13.2.2 Safety Modes

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

Normal mode is the safety mode that is active by default

Reduced mode is active when the robot Tool Center Point (TCP) is positioned beyond a Trigger
Reduced mode plane (see 13.2.5), or when triggered using a configurable input (see 13.2.10)

Recovery mode activates when a safety limit from the active limit set is violated, the robot arm
performs a Stop Category 0. If an active safety limit, such as a joint position limit or a safety
boundary, is violated already when the robot arm is powered on, it starts up in Recovery
mode. This makes it possible to move the robot arm back within the safety limits. While
in Recovery mode, the movement of the robot arm is restricted by a fixed limit that you
cannot customize. For details about Recovery mode limits (see Hardware Installation

Manual).

WARNING:

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

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

In the Safety Configuration the safety system limits are specified. The Safety System receives
the values from the input fields and detects any violation if any these values are exceeded. The
robot controller attempts to prevent any violations by making a protective stop or by reducing
the speed. This means that a program might not be able to perform motions very close to a limit.

WARNING:

Tolerances are specific to Software version. Updating software
may change tolerances. Consult the release notes for information
about Software version changes.

13.2.4 Joint Limits

Joint Limits allow you to restrict individual robot joint movements in joint space i.e. joint rota-
tional position and joint rotational speed. There are two Joint Limits options: Maximum speed
and Position range.

The Wrist 3 position range is unlimited by default. When using cables attached to the robot,
you must first disable the Unrestricted Range for Wrist 3 checkbox to avoid cable tension and
protective stops.

1. Maximum speed is where you define the maximum angular velocity for each joint.
2. Position range is where you define the position range for each joint. Again, the input fields

for Reduced mode are disabled if there is no safety plane or configurable input set to trigger
it. This limit enables safety-rated soft axis limiting of the robot.
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13.2.5 Planes

NOTE:

Configuring planes is entirely based on features. We recommend
you create and name all features before editing the safety config-
uration, as the robot is powered off once the Safety Tab has been
unlocked and moving the robot will be impossible.

Safety planes restrict robot workspace. You can define up to eight safety planes, restricting the
robot tool and elbow. You can also restrict elbow movement for each safety plane and disable
by deselecting the checkbox. Before configuring safety planes, you must define a feature in the
robot installation (see 16.1.4). The feature can then be copied into the safety plane screen
and configured.

WARNING:

Defining safety planes only limits the defined Tool spheres and el-
bow, not the overall limit for the robot arm. This means that spec-
ifying a safety plane, does not guarantee that other parts of the
robot arm will obey this restriction.

Modes

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

Iz
K
®
m

7

Disabled The safety plane is never active in this state.

Normal When the safety system is in Normal mode, a normal plane is active and it acts as
a strict limit on the position.

: Reduced When the safety system is in Reduced mode, a reduced mode plane is active and

it acts as a strict limit on the position.

Normal & Reduced When the safety system is either in Normal or Reduced mode, a normal
and reduced mode plane is active and acts as a strict limit on the position.

Trigger Reduced Mode The safety plane causes the safety system to switch to Reduced
mode if the robot Tool or Elbow is positioned beyond it.

Show Pressing this icon hides or shows the safety plane in the graphics pane.

Delete Deletes the created safety plane (note: there is no undo/redo action here so if a
plane is deleted by mistake, it will have to be remade)

Rename Pressing this icon allows you to rename the plane.

Configuring Safety Planes

1.
2.
3.

In your PolyScope header, tap Installation.
In the Side Menu on the left of the screen, tap Safety and select Planes.

On the top right of the screen, in the Planes field, tap Add plane.
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4. On the bottom right of the screen, in the Properties field, set up Name, Copy Feature and
Restrictions. Note: In Copy Feature, only Undefined and Base are available. You can reset
a configured safety plane by selecting Undefined

If the copied feature is modified in the Features screen, a warning icon appears to the right
of the Copy Feature text. This indicates that the feature is out of sync i.e. the information in
the properties card is not updated to reflect the modifications that may have been made to the
Feature.
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Elbow

You can enable Restrict Elbow to prevent robot elbow joint from passing through any of your
defined planes. Disable Restrict Elbow for elbow to pass through planes.
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Gray Plane is configured but disabled (A)
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Yellow & Black Normal Plane (B)

Blue & Green Trigger Plane (C)
Black Arrow The side of the plane the tool and/or elbow is allowed to be on (For Normal Planes)
Green Arrow The side of the plane the tool and/or elbow is allowed to be on (For Trigger Planes)

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

13.2.6 Freedrive

Freedrive allows the Robot Arm to be manually pulled into desired positions and/or poses. The
joints move with little resistance because the brakes are released. While the Robot Arm is being
moved manually, it is in Freedrive mode (see 12.1).

As the Robot Arm in Freedrive Mode approaches a predefined limit or plane (see 13.2.5), re-
sistance increases. This makes pulling the robot into position feel heavy.

You can enable Freedrive in the following ways:

+ Use the Freedrive Button
« Use I/0 Actions (see 16.1.4)

+ Use the Freedrive button on the Move Tab screen (see 17.2)

Using the Freedrive Button
1. Press and hold down the Freedrive Button located on the Teach Pendant.

2. Move the Robot Arm as desired.

13.2.7 Backdrive

During initialization of the Robot Arm, minor vibrations may be observed when the robot brakes
are released. In some situations, such as when the robot is close to collision, these tremors are
undesirable and the Backdrive feature can be used to forcefully move specific joints to a desired
position without releasing all brakes in the robot arm.

Enabling Backdrive
1. On the Initialize screen, tap ON to start the power up sequence.

2. When the robot state is Idle, press and hold the Freedrive button. The robot state changes
to Backdrive.

3. Brakes are only released in the joints to which significant pressure is applied. As long as
the Freedrive button is engaged/pressed. While using Backdrive, the robot arm feels heavy
to move around.

13.2.8 Tool Position

The Tool Position screen enables more controlled restriction of tools and/or accessories placed
on the end of the robot arm.

Robot is where you can visualize your modifications.

Tool is where you can define and configure a tool up to two tools.
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Tool_1 is the default tool defined with values x=0.0, y= 0.0, z=0.0 and radius=0.0. These values
represent the robot tool flange.
Note:

+ Under Copy TCP, you can also select Tool Flange and cause the tool values to go back to 0.

+ A default sphere is defined at the tool flange.

IR 24 QM Ey—
— - - ,“\ default_1*
Run  progra 1o [ .

r [instalistion | Move

pen ave.
Robot Tool (1 of 3)
. N Tool Flange
Robot Limits =y ;I + Add Tool
Joint Limits b I E‘
Planes
Tool Position

Tool
Direction

1o Py /| Tool Flange

Hardware Radius (max: 300mm)

Safe Home

Three
Position \ Copy TCP &)
-
/
A
> Fieldbus - Edit Position

O Power off Specd Co—) 100% gm-.u\amn.

For the user defined tools, the user can change:

Radius to change the radius of the tool sphere. The radius is considered when using safety
planes. When a point in the sphere passes a reduced mode trigger plane, the robot switches
to Reduced mode. The safety system prevents any point on the sphere from passing a
safety plane (see 13.2.5).

Position to change the position of the tool with respect to the tool flange of the robot. The
position is considered for the safety functions for tool speed, tool force, stopping distance
and safety planes.

You can use an existing Tool Center Point as a base for defining new tool positions. A copy of
the existing TCP, predefined in General menu, in TCP screen, can be accessed in Tool Position
menu, in Copy TCP drop-down list.

When you edit or adjust the values in the Edit Position input fields, the name of the TCP visible in
the drop down menu changes to custom, indicating that there is a difference between the copied
TCP and the actual limit input. The original TCP is still available in the drop down list and can be
selected again to change the values back to the original position. The selection in the copy TCP
drop down menu does not affect the tool name.

Once you apply your Tool Position screen changes, if you try to modify the copied TCP in the TCP
configuration screen, a warning icon appears to the right of the Copy TCP text. This indicates
that the TCP is out of sync i.e. the information in the properties field is not updated to reflect
modifications that may have been made to the TCP. The TCP can be synced by pressing the sync
icon (see 16.1.1).

Note: the TCP does not have to be synced in order to define and use a tool successfully.
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You can rename the tool by pressing the pencil tab next to the displayed tool name. You can
also determine the Radius with an allowed range of 0-300 mm. The limit appears in the graphics
pane as either a point or a sphere depending on radius size.
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13.2.9 Tool Direction

The Tool Direction screen can be used to restrict the angle in which the tool is pointing. The limit
is defined by a cone that has a fixed orientation with respect to the robot arm Base. As the robot
arm moves around, tool direction is restricted so it remains within the defined cone. The default
direction of the tool coincides with the Z-axis of the tool output flange. It can be customized by
specifying tilt and pan angles.

Before configuring the limit, you must define a point or plane in the robot installation (see 16.3).
The feature can then be copied and its Z axis used as the center of the cone defining the limit.

NOTE:

Configuration of the tool direction is based on features. We recom-
mend you create desired feature(s) before editing the safety con-
figuration, as once the Safety Tab has been unlocked, the robot arm
powers off making it impossible to define new features.
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Limit Properties
The Tool Direction limit has three configurable properties:

1. Cone center: You can select a point or plane feature from the drop-down menu, to define
the center of the cone. The Z axis of the selected feature is used as the direction around
which the cone is centred.

2. Cone angle: You can define how many degrees the robot is allowed to deviate from center.

Disabled Tool direction limit is never active

] Normal Tool direction limit is active only when safety system is in Normal mode.

i I Reduced Tool direction limit is active only when the safety system is in Reduced mode.

@ Normal & Reduced Tool direction limit is active when the safety systemis in Normal mode
as well as when it is in Reduced mode.

You can reset the values to default or undo the Tool Direction configuration by setting the copy
feature back to "Undefined”.

Tool Properties

By default, the tool points in the same direction as the Z axis of the tool output flange. This can
be modified by specifying two angles:

Tilt angle: How much to tilt the Z axis of the output flange towards the X axis of the output
flange

Pan angle: How much to rotate the tilted Z axis around the original output flange Z axis.

Alternatively, the Z axis of an existing TCP can be copied by selecting that TCP from the drop-
down menu.

13.2.10 1/0

The I/0 are divided between inputs and outputs and are paired up so that each function provides
a Category 3 and PLd I/0.
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Input Signals

The following Safety Functions can be used with the input signals:

System Emergency Stop This is an emergency stop button alternative to the one on the Teach
Pendant, providing the same functionality if the device complies with ISO 13850.

Reduced Mode All safety limits can be applied in either Normal mode or Reduced mode (see
13.2.2). When configured, a low signal sent to the inputs causes the safety system to
transition to Reduced mode. The robot arm decelerates to satisfy the Reduced mode limit
set. The safety system guarantees that the robot is within Reduced mode limits less than
0.5s after the input is triggered. If the robot arm continues to violate any of the Reduced
mode limits, it performs a Stop Category 0. Transition to Normal mode occurs in the same
way. Note: trigger planes can also cause a transition to Reduced mode.

Three-Position Enabling Device In Manual Mode, the Three-Position Enabling Device must be
pressed to move the robot.

Operational Mode When defined, this input can be used to switch between Automatic Mode
and Manual Mode (see 12.1).

Safeguard Reset When a Safeguard Stop occurs, this output ensures that the Safeguard Stop
state continues until a reset is triggered.

Automatic Mode Safeguard Stop Once configured, an Automatic Mode Safeguard Stop per-
forms a Safeguard Stop when the input pins are low and ONLY when the robot is in Au-
tomatic mode.

Automatic Mode Safeguard Reset When an Automatic Mode Safeguard Stop occurs, the robot
remains safeguard stopped in Automatic Mode until a rising edge on the input pins trigger
areset.
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WARNING:

+ If you disable the default Safeguard Reset input, the Robot
Arm is no longer Safeguard Stop stopped as soon as the in-
put is high. A program paused only by the Safeguard stop re-
sumes.

+ Similar to the Safeguard Reset, if the default Automatic Mode
Safeguard Reset is disabled, the Robot Arm is no longer Safe-
guard Stop stopped once the Automatic Mode Safeguard Stop
input is high. A program paused only by the Automatic Mode
Safeguard Stop resumes.

Output Signals

You can apply the following Safety functions for output signals. All signals return to low when
the state which triggered the high signal has ended:

System Emergency Stop Signal is Low when the safety system has been triggered into an Emer-
gency Stopped state by the Robot Emergency Stop input or the Emergency Stop Button. To
avoid deadlocks, if the Emergency Stopped state is triggered by the System Emergency
Stop input, low signal will not be given.

Robot Moving Signal is Low if the robot is moving, otherwise high.

Robot Not Stopping Signal is High when the robot is stopped or in the process of stopping due
to an emergency stop or safeguard stop. Otherwise it will be logic low.

Reduced Mode Signal is Low when the robot arm is placed in Reduced mode or if the safety
input is configured with a Reduced Mode input and the signal is currently low. Otherwise
the signal is high.

Not Reduced Mode This is the inverse of the Reduced Mode defined above.

Safe Home Signal is High if the Robot Arm is stopped in the configured Safe Home Position.
Otherwise, the signal is Low.

NOTE:

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

You can use the robot without attaching the Teach Pendant. Removing the Teach Pendant re-
quires defining another Emergency Stop source. You must specify if the Teach Pendant is at-
tached to avoid triggering a safety violation.

Selecting Available Hardware
The robot can be used without PolyScope as the programming interface.

1. In the Header tap Installation.
In the Side Menu on left tap Safety and select Hardware.
Input Safety password and Unlock the screen.

Deselect Teach Pendant to use robot without PolyScope interface.

a &~ 0N

Press Save and restart to implement changes.

CAUTION:

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

13.2.12 Safe Home Position

Safe Home is a return position defined by using the user-defined Home Position. Safe Home I/0s
are active when the Robot Arm is in the Safe Home Position and a Safe Home I/0 is defined. The
Robot Arm is in the Safe Home Position if the joint positions are at the specified joint angles or
a multiple of 360 degrees thereof.
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Syncing from Home
1. In the Header, tap Installation.

2. In the Side Menu on the left of the screen, tap Safety and select Safe Home.
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UNIVERSAL ROBOTS 13.2 Safety Menu Settings

3. Under Safe Home, tap Sync from Home.

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

Safe Home Output

The Safe Home Position must be defined before the Safe Home Output (see 13.2.10).

Defining Safe Home Output
1. In the Header, tap Installation.

2. In the Side Menu on the left of the screen, under Safety, select 1/0.

3. On the I/0 screen in the Output Signal, under Function Assignment, in drop-down menu,
select Safe Home.

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

Edit Safe Home

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

Editing Safe Home
1. In the Header, tap Installation.

2. In the Side Menu on the left of the screen, under General, select Home.
3. Tap Edit Position and set the new Robot Arm position and tap OK.

4. In the Side Menu, under Safety, select Safe Home. Note: a Safety password is required to
Unlock the Safety Settings (See 13.1.2).

5. Under Safe Home, tap Sync from Home
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RE 2+ QH

wctalation M.

Program Variables

status

Stopped

Robot Age

Days Hours Minutes Seconds

0 00 01 57

O show Waypoints

Normal Speed (C————— 0% Simulation .

The Run tab allows you to simply operate the robot arm and control box, using as few buttons
and options as possible. You can combine simple operation with password protecting the pro-
gramming part of PolyScope (see 21.3.2),to make the robot into a tool that can run exclusively
pre-written programs.

On this screen you can automatically load and start default a program based on an external input
signal edge transition (see 16.1.6).

Note: The combination of auto loading and starting of a default program and auto initialization
on power up can, for instance, be used to integrate the robot arm into other machinery.

14.1

Program

The Program field, displays the name of the program that was loaded on to the robot and its
current status. You can tap the Load Program tab to load a different program.

14.2

Variables

A robot program can make use of variables to store and update various values during runtime.
Two kinds of variables are available:

Installation variables These can be used by multiple programs and their names and values are
persisted together with the robot installation (see 16.1.5). Installation variables keep
their value after the robot and control box has been rebooted.

Regular program variables These are available to the running program only and their values are
lost as soon as the program is stopped.
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UNIVERSAL ROBOTS 14.4 Move Robot into Position

Show waypoints The robot program uses script variables to store information about waypoints.
Select the Show Waypoints checkbox, under Variables to show script variables in the vari-
ables list.

Variable types

bool  Aboolean variable whose value is either True or False.

int A whole number in the range from —2147483648 to 2147483647 (32 bit).

float A floating point number (decimal) (32 bit).

string A sequence of characters.

pose A vector describing the location and orientation in Cartesian space.
It is a combination of a position vector (z,y, z) and a rotation vector
(rx,ry,rz) representing the orientation, written p[x, y, z, rx, ry,
rz].

list A sequence of variables.

14.3 Robot Age

This field represents the length of time since the robot was initially turned on. The numbers in
the field are not associated with program run time

14.4 Move Robot into Position

The Move Robot into Position screen appears when you tap Play in the Footer. Access the Move
Robot into Position screen when the Robot Arm must move to a particular start position before
running a program, or when the Robot Arm is moving to a waypoint while modifying a program.
In cases where the Move Robot into Position screen cannnot move the Robot Arm to the program
start position, it moves to the first waypoint in the program tree. The Robot Arm can move to an
incorrect pose if :

« The TCP, feature pose or waypoint pose of the first movement is altered during program
execution before the first move is executed.

+ The first waypoint is inside an If or Switch program tree node.
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Instalation _ Move I

Move Robot into Position.

Hold down Move robot to' to perform the movement shown. Release the button to abort
Push Manual' to move the robot into position manually.

[
Move robot to:
LA
/‘ | Manual

! B
{ € Cancel

O Normal od C—— 1 00% ‘;u‘m,\\at\-:‘n-
Auto
Hold down the Auto tab to move the robot arm to its start position.
Note: You can release the button to stop the motion at any time.
Animation
The animation shows the movement the robot arm is about to perform when you hold down the
Auto tab.
CAUTION:
1. Compare the animation with the position of the real robot
arm and make sure that the robot arm can safely perform the
movement without hitting any obstacles.
2. The Automove function moves the robot along the shadow tra-
jectory. Collision might damage the robot or other equipment.
Manual

Push the Manual tab to access the Move icon screen where the robot arm can be moved man-
ually. This is only needed if you do not prefer the animation’s movement.
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15 Program Tab

Q _ Graphics Variables

Program
Here you can program your robot to do tasks.

1 ¥ Robot Program
2 = <empty>

To program your robot, select the nodes from the Node List and they will appear on
the Program Tree

Program Tree

|| d=z
o
a
o
[
@
B3

> Advanced

> Templates

[ Add Before Start Sequence
O Set Initial Variable Values

= Program Loops Forever

Normal Simulation .

The program tab shows the current program being edited.

15.1 Program Tree

By tapping Command you add program nodes to the Program Tree. Configure the functionality
of the added program nodes on the right side of the screen.

An empty Program Tree is not allowed to run. Programs containing mis-configured program
nodes are also not allowed to run. Invalid program nodes are highlighted in yellow to indicate
what should be fixed before the program is allowed to run.

Version 5.5 11-37 e-Series

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



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

R
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15.1.1 Program Execution Indication

Q - Graphics Variables

Move

1 ¥ Robot Program
. 9 Program
Waypoint 2 % < Move|
3 ® Start Here you can program your robot to do tasks.
Direction
4 @A To program your robot, select the nodes from the Node List and they will appear on
Wait 5 ®B the Program Tree.
5 @c
Set .
7 ®D Node List Program Tree
Popup 8 (c)= Q
Halt -
Comment
Folder d L
) Advanced
Templates
> erpietes | F
> | *% S XEBRWZD

[ Add Before Start Sequence
O Set Initial Variable Values

[ Program Loops Forever

O Normal Sp O —— %o Simulation .

When the program is running, the program node currently being executed is indicated by a small
B icon next to the node. Furthermore, the path of execution is highlighted using a blue color.
Pressing the @ icon at the corner of the program will make it track the command being executed.

15.1.2 Search Button

Tap the Q to search in the Program Tree. Press the x icon to exit search.

15.1.3 Program Tree Toolbar

Use the toolbar at the base of the Program Tree to modify the Program Tree.

Undo/Redo Buttons

The ® and € buttons serve to undo and redo changes to commands.

Move Up & Down
The # and ¥ buttons change the position of a node.

Cut

The X button cuts a node and allows it to be used for other actions (e.g., paste it on other place
on the Program Tree).

Copy
I® button allows copies a node and allows it to be used for other actions (e.g., paste it on other
place on the Program Tree).

Paste

The El button allows you to paste a node that was previously cut or copied.

Delete

Tap the M button to remove a node from the Program Tree.
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Suppress

Tap the & button to suppress specific nodes on the Program Tree.

Suppressed program lines are simply skipped when the program is run. A suppressed line can
be unsuppressed again at a later time. This is a quick way to make changes to a program without
destroying the original contents.

15.1.4 Expression Editor
RS2 4 QE

Pragram | Instalation  Move Log

New. e Save.
> pac o [WERRR crooncs  variwes
N/ Advanced
_ ¥ Robot Program
. St
o b Move) A55|gnment ource Expression v

Loop

<unnamed:* D

default*

@® Waypoint_1

SubProg - Set Assigns the selected variable with the value of the expression.

@ Popup

If 0 Hat feor2 v =]
® Comment
¢ - Fol;ej‘r ‘
10 = <empt)

1
2
3
4
Assighment 5 B wait Variable Expression
6
7
8
9

Script

Event

2 * force()

Input 0
True (HI) False (LO) 4= Backspace
<Input> v Esc

Output

and or Xor not 7 8 9
<Output> v

Variable

I
H
A
v
-
*
IS
]

6
<Variable> v

Pose
[ 1 = = + 1 2 3 O

<Pose> - - - ! Submit

Function

ABC o)
<Function> A4 = < »

While the expression itself is edited as text, the expression editor has a number of buttons and
functions for inserting the special expression symbols, such as * for multiplication and < for
less than or equal to. The keyboard symbol button in the top left of the screen switches to text-
editing of the expression. All defined variables can be found in the Variable selector, while the
names of the input and output ports can be found in the Input and Output selectors. Some
special functions are found in Function.

The expression is checked for grammatical errors when the 0k button is pressed. The Cancel
button leaves the screen, discarding all changes.

An expression can look like this:

digital_in[1] ZTrue and analog_in[0]<0.5

15.1.5 Starting a Program from a Selected Node

When the robot is in Manual Mode (see 12.1), Play from Selection allows a program to start
from a selected node. Play from Beginning runs a program normally. The Play from Selection
option is disabled if a program cannot be run from a particular node. Play from Selection cannot
be enabled with a thread becasue threads always start from the beginning.
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Q - Graphics Variables

Move

L7 oo prosram Move
kel 2+t Mol Specify how the robot will move between waypoints
5 - 3 ® Waypoint_1 pecity P
Direction -
The values below apply to all child waypoints and depend on the selected movement
Wait type.
Set Set TCP Joint Speed
Popup [use active TCP - \ 60.0] °/s
Halt
Feature Joint Acceleration
Comment
] W ‘Base v ‘ ‘ 80.0‘ °/s?
Folder
> Advanced
> B TeE [ Use joint angles

Play from beginning
Robot Program

Play from selection
2: Move]

O Reduced Speed (—— 100% ° 0 o

Simulation .

Using Play from Selection
Tap Play and select Play from Selection to run a program from a node in the program tree.

NOTE:

+ The Before start section, if used, is always executed for both
Play from Selection and Play from Beginning.

+ The program stops and displays an error message if an unas-
signed variable in encountered.

+ A program can only start from a node in the Robot Program.

+ Play from Selection can be used within a subprogram. The
program execution halts when the subprogram ends.

15.2 Command Tab

This manual does not cover all the details about every type of Program Node. The Robot Program
Node includes three check-boxes controlling the overall behavior of the program.
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Q - Graphics Variables
) ARG ¥ Robot Program ~

1
87 MRS 2 9 i Movey :’e’r’:’y%:caa:?program your robot to do tasks

3 @® Waypoint_1 :
B 4 - Set To program your robot, select the nodes from the Node List and they will appear on
Force 5 B Wait the Program Tree.

- 6 @ Popup

Palletizing 7 O Hal Node List Program Tree
Conveyor 8 ® Comment Q
Tracking 9 ¢ m Folder =

10 - <empt)y

11 ¢ & Loop

a 12 - <empt) I

13 tacal

14 a= var_2:=2 *force()

15 ¢ bIf..

16 - <empt)

17 B Script +9% oo xBAnZ

18 & Switch ...
19 © timer_1

20 & H Destack
[ Add Before Start Sequence

21 @ startPos
22 & —+ Direction [0 set Initial Variable Values
25 e iii PickSequerice v [& Program Loops Forever

2SS XBEWS

O Normal b —— 100% ° 0 o SU'\'\UHUDH.

Add Before Start Sequence

Select this check-box to add a special section to the program which is once when the program
starts.

Set Initial Variables Values

Select this to set initial values of program variables.

1.
2.

Select a variable from the dropdown list, or by use the variable selector box.

Enter an expression for that variable. This expression is used to set the variable value at
program start.

You can select Keep value from previous run to initialize the variable to the value found on
the Variables tab (see 15.4).

This allows variables to maintain their values between program executions. The variable
gets its value from the expression if the program is run for the first time, or if the value tab
has been cleared.

A variable can be deleted from the program by setting its name to blank (only spaces).

Program Loops Forever

Select this to make the program continuous.
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15.3 Graphics Tab

< amed>*
et 3@
Run Prog: lation  Move 110 Log T Op=n. Save.
Q Command - Variables
W 1 v Robot Program ~
Waypoint 2 ¢« MoveP
5 . 3 ® Waypoint_1
Direction 4 @ Variable
Wait 5 ¢ ¥ CircleMove
6 @ ViaPoint_1
BB 7 @ EncPoint_1
Popup 8 - Set
9 B Wait
IRELE 10 @ Popup
Comment 11 O Halt

Folder 9§

15 ¢ & Loop
15 L= oo
17 L. Call
18 2= var_2:=2 * force()
19 ¢ b If..
20 =| <empty
21 E Script
22 & Switch ...
23 O timer_1

v

O Normal Spee ) 100% smutation ()

Graphical representation of the current robot program. The path of the TCP is shown in 3D view,
with motion segments in black, and blend segments (transitions between motion segments)
shown in green. The green dots specify the positions of the TCP at each of the waypoints in the
program. The 3D drawing of the robot arm shows the current position of the robot arm, and the
shadow of the robot arm shows how the robot arm intends to reach the waypoint selected in the
left hand side of the screen.

If the current position of the robot TCP comes close to a safety or trigger plane, or the orientation
of robot tool is near the tool orientation boundary limit (see 13.2.5), a 3D representation of
the boundary limit is shown.

Note: when the robot is running a program, the visualization of boundary limits will be disabled.

Safety planes are visualized in yellow and black with a small arrow representing the plane nor-
mal, which indicates the side of the plane on which the robot TCP is allowed to be positioned.
Trigger planes are displayed in blue and green and a small arrow pointing to the side of the plane,
where the Normal mode limits (see 13.2.2) are active. The tool orientation boundary limit is
visualized with a spherical cone together with a vector indicating the current orientation of the
robot tool. The inside of the cone represents the allowed area for the tool orientation (vector).

When the target robot TCP no longer is in the proximity of the limit, the 3D representation dis-
appears. If the TCP is in violation or very close to violating a boundary limit, the visualization of
the limit turns red.

The 3D view can be zoomed and rotated to get a better view of the robot arm. The buttons in
the top-right side of the screen can disable the various graphical components in 3D view. The
bottom button switches on/off the visualization of proximate boundary limits.
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15.4 Variables Tab

<unnamed:* D
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New.
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Wait 5 @ ¥ CircleMove
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) Advanced 14 =| <empty
15 ¢ & Loop
) Templates 16 =] <ermpty

17t cal
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19 ¢ bIf..

20 = <empty>

21 F Script

22 & Switch ...

23 © tmer_1 -

"fn‘_ ggé x |! o == [ Show Waypoirts

O Normal

The Variables tab shows the live values of variables in the running program, and keeps a list of
variables and values between program runs. It only appears when it has information to display.
Waypoint variables will be shown in the list if Show Waypoints is enabled.

15.5 Basic program nodes
15.5.1 Move

<unnameds* D
default* 3

Nem. Oper

) Advanced
L ¥ S program ~ Move
“ Templates 2 ¢« Movel
Specify how the robat will move between waypoints.
— 3 ® Waypoint_1
ee
4 - Set The values below apply to all child waypeints and depend on the selected movement
Force 5 B Wait type.
- 6 @ Popup
Palletizing 7 O Halt Set TCP Joint Speed
Conveyor 8 ® Comment ‘Use active TCP v ‘ ‘ 60.0‘ °Is
Tracking 9 ¢ m Folder
10 =| <empty Feature Joint Acceleration
11 ¢ & Loop 0/c2
J 12 =] < X b ‘Base v ‘ ‘ 80.0‘ IS’

13 1. Call
14 o= var_2:=2 *force()

15 ¢ & If O Use joint angles
16 | <empty
17 & Script

18 & Switch ...
19 ® timer 1 Reset

20 ¢ B Destack

21 @® StartPos
22 @ = Direction
25 e i PickSequence ~

O Normal g —ou—-=-— % Simulation .

The Move command controls the robot motion through the underlying waypoints. Waypoints
have to be under a Move command. The Move command defines the acceleration and the speed
at which the robot arm will move between those waypoints.
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Movement Types
You can select one of three types of movements: MovedJ, MovelL and MoveP. Each movement
type is explained below.

+ moveJ makes movements that are calculated in the robot arm joint space. Joints are
controlled to finish their movements at the same time. This movement type results in a
curved path for the tool. The shared parameters that apply to this movement type are the
maximum joint speed and joint acceleration, specified in deg/s and deg/s?, respectively. If
it is desired to have the robot arm move fast between waypoints, disregarding the path of
the tool between those waypoints, this movement type is the preferable choice.

+ moveL moves the Tool Center Point (TCP) linearly between waypoints. This means that
each joint performs a more complicated motion to keep the tool on a straight line path.
The shared parameters that can be set for this movement type are the desired tool speed
and tool acceleration specified in mm /s and mm/s?, respectively, and also a feature.

+ moveP moves the tool linearly with constant speed with circular blends, and is intended
for some process operations, like gluing or dispensing. The size of the blend radius is by
default a shared value between all the waypoints. A smaller value will make the path turn
sharper whereas a higher value will make the path smoother. While the robot arm is moving
through the waypoints with constant speed, the robot control box cannot wait for either an
I/0 operation or an operator action. Doing so might stop the robot arm’s motion, or cause
a protective stop.

+ Circle move can be added to a moveP to make a circular movement. The robot starts the
movement from its current position or start point, moves through a ViaPoint specified on
the circular arc, and an EndPoint that completes the circular movement.

A mode is used to calculate tool orientation, through the circular arc. The mode can be:

- Fixed: only the start point is used to define tool orientation
- Unconstrained: the start point transforms to the EndPoint to define tool orientation

Q - Graphics Variables

Advanced

1 ¥ Robot Program ~ .
\/ Templates 2 ¢ & MoveP CircleMove
3 ® Waypoint_1
Seek 4 ¢ ¥ CircleMove A circle move is made using three -
waypoints: the waypoint preceding the B
Foree > © \/raPoﬂ—‘;til CircleMove node, waypoint (1), the ViaPoint ‘.'/ \“
Palletizing 6 @ EndPoint_1 (2) and the EncPoint (3) B
7 = Set § P
Conveyor 8 B Wait When in fixed mode \
Trackini The orientation of this movement is defined P
g ° @ Fooup by the start point of the robot thus the /
10 O Halt robot will keep that orientation relative to /
11 ® Comment the circle through the via and end points of
I 12 ¢ w Folder p the movement, |
13 = <empty > A |
14 ¢ & Loop
15 = <empty>
16  tacal
v &= var_2:=2 * force() Select mode for orientation relative to the circle
18 ¢ b If..
19 =] <ermptys @ Fixed
20 [ Script QO Unconstrained

21 & Switch ...
22 ® timer_1

23 ¢ B Destack o«

O Normal E —— 100% ° 0 o Sw‘nu\ath:wr\.
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Shared parameters
The shared parameters in the bottom right corner of the Move screen apply to the movement
from the previous position of the robot arm to the first waypoint under the command, and from
there to each of the following waypoints. The Move command settings do not apply to the path
going from the last waypoint under that Move command.

TCP selection

The way the robot moves between waypoints is adjusted depending on whether the TCP is set
using a user defined TCP or an active TCP. Ignore Active TCP allows this movement to be ad-
justed in relation to the Tool Flange.

Setting the TCP in a Move

1. Access the Program Tab screen to set the TCP used for waypoints.

2. Under Command, in the drop down menu on the right select the Move type.
3. Under Move, select an option in the Set TCP drop down menu.
4

. Select Use active TCP or select a user defined TCP.
You can also choose Ignore Active TCP.

Feature selection

The feature spaces the waypoints under the Move command, that should be represented when
specifying these waypoints (see section 16.3). This means that when setting a waypoint, the
program will remember the tool coordinates in the feature space of the selected feature. There
are a few circumstances that need detailed explanation:

Relative waypoints The selected feature has no effect on relative waypoints. The relative move-
ment is always performed with respect to orientation of the Base.

Variable waypoints When the robot arm moves to a variable waypoint, the Tool Center Point
(TCP) is calculated as the coordinates of the variable in the space of the selected feature.
Therefore, the robot arm movement for a variable waypoint changes if another feature is
selected.

Feature variable You can change a feature’s position while the program is running by assigning
a pose to its corresponding variable.

Use joint angles
As an alternative to the 3D pose, you can select the Use joint angles checkbox when using the
Moved to define waypoints using the robot joint angles. If Use joint angles is enabled, TCP and
feature options are unavailable. Waypoints defined using Use joint angles are not adjusted when
the program is moved between robots.
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15.5 Basic program nodes

Speed

Cruise

Acceleration

Deceleration

Time

Figure 15.1: Speed profile for a motion. The curve is divided into three segments: acceleration, cruise
and deceleration. The level of the cruise phase is given by the speed setting of the motion, while the
steepness of the acceleration and deceleration phases is given by the acceleration parameter.
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Simulation .

A point on the robot path. Waypoints are the most central part of a robot program, telling the
robot arm where to be. A fixed position waypoint is taught by physically moving the robot arm

to the position.

Teaching Waypoints

Teaching is the term used to show the robot how to position the TCP in relation to a feature for
an application. To teach the robot a waypoint, follow the instructions below:

1. In the Program Tab, insert a Move Node.

. On the Move Node, use the Set TCP drop-down menu to set the TCP.

2
3. Onthe Move Node, use the Feature drop-down menu to select a feature.
4

. On the Waypoint Node, use Teach Mode or Jog to position the robot in a desired configu-

ration.

e-Series

11-46

Version 5.5



15.5 Basic program nodes UNIVERSAL ROBOTS

Using Waypoints
Using a waypoint means applying the taught relation between the feature and the TCP in the
present situation. The relation between the feature and the TCP, applied to the current selected
feature, achieves the desired TCP location. Then the robot figures out how to position itself to
let the currently active TCP reach that TCP position. To use a waypoint, follow the instructions
below:

1. Use an existing waypoint in a Move Node, or insert the waypoint into a different Move Node
(e.g. by copy and paste or use the "Link” button on the waypoint).
2. Set the desired TCP.

3. Set the desired feature.

Setting the waypoint
Waypoint names

Waypoints automatically get a uniqgue name. The name can be changed by the user. By selecting
the link icon, waypoints are linked and share position information. Other waypoint information
such as blend radius, tool/joint speed and tool/joint acceleration is configured for individual
waypoints even though they may be linked.

Blending

Blending enables the robot to smoothly transition between two trajectories, without stopping at
the waypoint between them.

Example Consider a pick and place application as an example (see figure 15.2), where the
robot is currently at Waypoint 1 (WP_1), and it needs to pick up an object at Waypoint 3 (WP_3).
To avoid collisions with the object and other obstacles (0), the robot must approach wp_3 in the
direction coming from Waypoint 2 (WP_2). So three waypoints are introduced to create a path
that fulfils the requirements.

@ WP_2
WP_1

l WP_3

Figure 15.2: wP_1: initial position, WP_2: via point, WP_3: pick up position, 0: obstacle.

Without configuring other settings, the robot will make a stop at each waypoint, before continuing
the movement. For this task a stop at WP_2 is not optimal since a smooth turn would require less
time and energy while still fulfilling the requirements. It is even acceptable that the robot does
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not reach WP_2 exactly, as long as the transition from the first trajectory to the second happens
near this position.

The stop at WP_2 can be avoided by configuring a blend for the waypoint, allowing the robot to
calculate a smooth transition into the next trajectory. The primary parameter for the blend is a
radius. When the robot is within the blend radius of the waypoint it can start blending and deviate
from the original path. This allows for faster and smoother movements, as the robot does not
need to decelerate and re-accelerate.

Blend parameters Apart from the waypoints, multiple parameters will influence the blend tra-
jectory (see figure 15.3):

+ the blend radius (r)

+ the initial and final speed of the robot (at positions p1 and p2, respectively)

- the movement time (e.g. if setting a specific time for a trajectory this will influence the
initial/final speed of the robot)

« the trajectory types to blend from and to (MovelL, MoveJ)

WP_1 ! \

O — _? WP_2 |
/ \ !
\ /
pl \ ’
AN 7
~ 7
~w~
p2
© WP_3

Figure 15.3: Blend over WP_2 with radius r, initial blend position at p1 and final blend position at p2. 0 is
an obstacle.

If a blend radius is set, the robot arm trajectory blends around the waypoint, allowing the robot
arm not to stop at the point.

Blends cannot overlap, so it is not possible to set a blend radius that overlaps with the blend
radius of a previous or following waypoint as shown in figure 15.4.

Conditional blend trajectories The blend trajectory is affected both by the waypoint where the
blend radius is set and the following one in the program tree. That is, in the program in figure 15.5
the blend around wP_1 is affected by WwP_2. The consequence of this becomes more apparent
when blending around WP_2 in this example. There are two possible ending positions and to de-
termine which is the next waypoint to blend to, the robot must evaluate the current reading of the
digital_input[1] already when entering the blend radius. That means the if...then expression

e-Series 11-48 Version 5.5



15.5 Basic program nodes UNIVERSAL ROBOTS

| WP_2 \

®
-

\
\/
N
I\
[
\
*

o~

Figure 15.4: Blend radius overlap not allowed (*).

(or other necessary statements to determine the following waypoint, e.g. variable waypoints) is
evaluated before we actually reach WwP_2 which is somewhat counter-intuitive when looking at
the program sequence. If a waypoint is a stop point and followed by conditional expressions
to determine the next waypoint (e.g. the I/0 command) it is executed when the robot arm has
stopped at the waypoint.

MoveL ; y
WP_I LA
WP_1 (blend) : ’
WP_2 (blend)
if (digital_input[1]) then
WP_F_1
else
WP_F_2

WP_F_2

Figure 15.5: WP_I is the initial waypoint and there are two potential final waypoints WP_F_1 and WP_F_2,
depending on a conditional expression. The conditional if expression is evaluated when the robot arm
enters the second blend (*).

Blend Trajectories Depending on the movement type (i.e., Movel, MoveJ, or MoveP), different
blend trajectories are generated.

+ Blends in MoveP When blending in MoveP, the position of the blend follows a circle arc
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WP_3

Figure 15.6: Joint space (MoveJ) vs. cartesian space (Movel) movement and blend.

at constant speed. The orientation blends with a smooth interpolation between the two
trajectories. You can blend a MovedJ or a Movel into a MoveP. In such a case, the robot
uses the circular arc blend of MoveP, and interpolate the speed of the two motions. You
cannot blend a MoveP to a Moved or a MoveL. Instead, the last waypoint of the MoveP is
regarded as a stop point with no blend. You cannot perform a blend if the two trajectories
are at an angle close to 180 degrees (reverse direction) because it creates a circular arc
with a very small radius which the robot cannot follow at constant speed. This causes a
runtime exception in the program which can be corrected by adjusting the waypoints to
cause a less sharp angle.

Blends involving MoveJ MoveJ blends cause a smooth curve in joint space. This goes for
blends from Moved to MoveJ, Moved to Movel and Movel to Moved. The blend produces a
smoother and faster trajectory than the movements without a blend (see Figure 15.6). If
velocity and acceleration are used for specifying the velocity profile, the blend stays within
the blend radius during the blend. If using time instead of velocity and acceleration for
specifying the velocity profile of both motions, the blend trajectory follows the trajectory of
the original Moved. When both motions are time constrained, using blends does not save
time.

Blends in MoveL When blending in Movel, the position of the blend follows a circle arc
at constant speed. The orientation blends with a smooth interpolation between the two
trajectories. The robot may decelerate on the trajectory before following the circular arc to
avoid very high accelerations (e.g., if the angle between the two trajectories are close to
180 degrees).
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Relative Waypoint

<unnamed:>* D
+

default*

Nem.

> Advanced
~

1 v Robot Program W .
a oint Relative position v
\/ Templates 2 ¢« MoveP YP
3 ® Waypoint_1 "
= Waypoint_1
Seek 4 ¢ ¥ CircleMove VPaint_ %
Force 5 @ Viapoint_1 Relative Motion, given by the difference between from and to Distance
. 6 © EndPoint_1 positions -
Palletizing - . .
7 - Set From point to point 0.0 mm
(CEmUEEIR 8 & wai Set Point [ setpoint |
Tracking 9 | Popup -
10 O Halt angle

11 ® Comment Move here 180.0 °

4 12 ¢ == Folder I

13 - <empty:
14 ¢ & Loop
15 - <empty @ Use shared blend radius @ Use shared parameters
16 L. Call
Blend with radi
17 2= var_2:=2 * force() o =nd with radis OTOG‘ Speed 250
18 ¢ b IF 25 Tool Acceleration 1200
19 - <empty> OTi\w 2.0

20 & Script
21 & Switch ...
22 ® tmer_1
23 ¢ B Destack

t8 s xmpw
O Normal g e — EH‘\‘HJBDIZM].

> Add Until

A waypoint with the position given relative to the robot arm’s previous position, such as “two
centimeters to the left”. The relative position is defined as the difference between the two given
positions (left to right).

Note: repeated relative positions can move the robot arm out of its workspace.

The distance here is the Cartesian distance between the TCP in the two positions. The angle
states how much the TCP orientation changes between the two positions. More precisely, the
length of the rotation vector describing the change in orientation.

Variable Waypoint

LR 1 v Robot Program W . — -
Waypoint 2 ¢« MoveP aypoint
" " 3 @ Waypoint_1 Mave the robot to a variable position

Direction 2 © Variable p
Wait 5 @ ¥ CircleMove Use variable

6 © ViaPoint_1
S 7 ® EncPoint 1
Popup 8 - Set

9 B Wait
IRl 10 @ Popup
Comment 11 O Halt

1 12 ® Comment 3

Folder

13 ¢ = Folder

> Advanced 14 - <empty=>
15

) E—— o 3] Eoozmm . @ Use shared blend radius @ Use shared parameters
17 Macal o O Blend with radius O Tool Speed 250
18 &= var_2:=2 *force() 25 Tool Acceleration 1200
19 ¢ b OTiwa 2.0
20 - =

21 F Script
22 & Switch ...
23 © timer_1

*S S xEBW
O Normal g e — EH‘\‘HJBDIZM].

hd Add Until

A waypoint with the position given by a variable, in this case calculated_pos. The variable has
to be a pose such as

Version 5.5 11-51 e-Series

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



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

R
UNIVERSAL ROBOTS 15.5 Basic program nodes

var=p[0.5,0.0,0.0,3.14,0.0,0.0]. The first three are x,,z and the last three are the orienta-
tion given as a rotation vector given by the vector rx,ry,rz. The length of the axis is the angle to
be rotated in radians, and the vector itself gives the axis about which to rotate. The position
is always given in relation to a reference frame or coordinate system, defined by the selected
feature. If a blend radius is set on a fixed waypoint and the waypoints preceding and succeeding
it are variable or if the blend radius is set on a variable waypoint, then the blend radius will not
be checked for overlap (see 15.5.1). If, when running the program, the blend radius overlaps
a point, the robot will ignore it and move to the next one.

For example, to move the robot 20 mm along the z-axis of the tool:

var_1=p[0,0,0.02,0,0,0]
Movel
Waypoint_1 (variable position):

Use variable=var_1, Feature=Tool

15.5.2 Direction

The program node Direction specifies a motion relative to feature axes or TCPs. The robot
moves in along the path specified by the Direction Program Node until that movement is stopped
by an Until condition.

Run ragpam | instalstion  Move 10 Log
Q _ Graphics Variables
Move
1 ¥ Robot Program . =
- 9 Direction
Waypoint 2 ¢ & Movel ) X ‘ )
5 The robot will move in a linear movement, relative to the selected feature
Di ti 3 ¢ ¥ Direction: Base X+
irection . % Unti
Wait Feature Direction
Set @ Use shared feature @
O O Direction vector
Popup
Halt ‘
Comment
Al I

Folder

) Advanced

> Templates @ Use shared parameters

O Tool Speed
Tool Acceleration
Add Until

O Reduced Sp: —— 100% Simulation .

Adding a Direction Movement

1. Under Basic, tap Direction to add a linear movement to your Program Tree.

2. In the Direction field, under Feature, define the linear movement.

Stopping a Direction Movement

1. Inthe Direction field, tap the Add Until button to define and add stop criteria to your Program
Tree.

You can add Direction Vector settings, for Tool Speed and Tool Acceleration, to define the vector
direction for linear motion, allowing for advanced uses as:
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+ defining linear motion relative to multiple feature axes

+ computing the direction as a mathematical expression

The Direction Vectors defines a custom code expression that is resolved to a unit vector. For
example, Direction vectors of [100,0,0] and [1,0,0] have the exact same effect on the robot; use
the Speed Slider to moving along the x-axis at a desired speed. The values of the numbers in the
direction vector only matter relative to each other.

Until

The program node Until defines a stop criterion for a motion. The robot moves along a path and
stops when contact is detected. In the Progran Tree, you can add Until Nodes under Direction
Nodes and Waypoint Nodes. You can add several stop criteria to a single movement. The mo-
tion stops when the first Until condition is met.

nstalation _ Move
¥ Basic

Move

Waypoint
Direction
Wait

Set
Popup
Halt
Comment

Folder !

1 v Robot Program

2 @« Movel

3 @ ¥ Direction: Base X+
4 > Untdl

29SO XBET

<unnamed>*
e @ @ W
= Hew. Open Save.
Q _ Graphics Variables
Until
Specify the stop condition
The robot will move in the selected direction Until the stop condiition is reached
Expression f(x)
Distance O 9
[0 A
Tool Contact 7
(@ Tool speed less than 100.0 mmys is recommended to detect a contact
1/0 Input ‘ '
Yas\
Add Until Add Action C)

O Reduced

In the Until field, you can define the following stop criteria:

Simulation .

+ Distance This node can be used to stop a Direction move when the robot has moved a
certain distance. The velocity is ramped down so the robot stops exactly at the distance.

+ Tool Contact (see 15.5.2) You can use this node to stop a movement when the robot tool
detects a contact.

+ Expression This node can be used to stop the motion due to a custom program expression.
You can use |/0s, variables or script functions to specify the stop condition.

+ 1/0 Input You can use this node to stop a signal controlled motion on an I/0 Input.

Until-Tool Contact

The program node Until Tool Contact allows the robot to stop its motion when contact with the
tool is established. You can define the deceleration of the stop and the retraction of the tool.
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CAUTION:

The default speed of motion is too high for contact detection. A
faster speed of motion triggers a Protective Stop, before the Tool
Contact condition can take effect. To avoid triggering a Protective
Stop, lower the speed of motion. For example: 100m/s.

un Move o Log Save
Q - Graphics Variables
Move
1 ¥ Robot Program .
: 9 Until - Tool Contact A
Waypoint 2 ¢ # Move/
Direction 3 ¢ © Waypoint 1 The robot will move Until an impact is detected to the tool. The robot will stop with the
4 3 Until contact: Retract 0 mm defined deceleration
Wait
Tool speed less than 100.0 mm/s is recommended to detect a contact
Set I an Action is added this will be executed when the Until condition is reached
Popup
Halt
P S— [ Move to contact point —  Distance
4 I Distance from contact point
— [ 9 e
mm
+
) ) 'i Robot stop
) Templates -
O Use Shared Deceleration
@ Use Customn Deceleration
2000.0| °/s?
Add Until Add Action C)

O Reduced ¢ ——— 100% ° 0 o S\r‘w‘umat\w:wn.

NOTE:

Until Tool Contact might not work if the mounted tool vibrates. For
example: a vaccuum gripper with an embedded pump can intro-
duce fast vibrations.

You can use the Until Tool Contact Node for applications like Stacking/Destacking, where Until
Tool Contact determines the height of stacked objects.

el .

Retract to Contact
Use the Retract to Contact setting for the robot to return to the initial point of contact. You can
set an additional reverse movement to make the robot move free of, or toward, contact. This is
useful if you have a gripper that needs free space to move, or if a clamping action is needed.
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Action
Add an Action allows a program node to be be added if a specific Until condition is met. For
example, Until Tool Contact can engage the gripping action of a gripper tool. If no Action is
defined, then program execution continues to the next program node in the Program Tree.

15.5.3 Wait

<unnamed:* D
+

default*

e,

Move

1 v Robot Program .
Waypoint 2 ¢« Move/ 9 Wait
Please select what should trigger the robot's next action;
. . 3 @ Waypoint_1
Direction 2 - Set
Wait 5 B Wait O No wait

Set O Wait seconds
Popup O wat for Digtal npue

Halt
O wetfor
Comment
A I» Wait for
Folder O |

23S XKEE@

O Normal — Simulation .

Wait pauses I/0 signal, or expression, for a given amount of time. If No Wait is selected, nothing
is done.

Note: Once Tool Communication Interface TCl is enabled, the tool analog input is unavailable
for Wait For selection and expressions.

15.5.4 Set

<unnamed:* D
+

default*

Nem. Oper

LR 1 v Robot Program
Waypoint 2 ¢« Move/ Set
vp Select the action you wish the robot to perform at this point in the program. You can
Direction 3 © Waypoint_1 also specify changes in the robot's payload
a4 - Set
Wait O No Action

Set O Set Digital Qutput

Popup O set Analog Output 4.0

Osa oo

Comment O set single Puise 0.500

Folder d t O Increment installation variable by one:

[0 Set the total payload to 0.00
[ Use active TCP as center of gravit

[ set TCP

Test

A3 S XKEBE@

O Normal E —— 100% ° 0 O EH‘\‘HJBDIZM].
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Sets either digital or analog outputs to a given value. Digital outputs can also be set to send a
single pulse.

Use the Set command to set the payload of the Robot Arm. You can adjust the payload weight
to prevent the robot from triggering a protective stop, when the weight at the tool differs from
the expected payload. If the active TCP should not be used as the center of gravity the checkbox
must be unchecked.

The active TCP can also be modified using a Set command, by selecting the check box and
choosing one of the TCP offsets from the menu.

If the active TCP for a particular motion is known at the time of writing of the program, you can
use the TCP selection by tapping Move in the Side Menu on the left, (see 15.5.1). For further
information about configuring named TCPs (see 16.1.1).

15.5.5 Popup

M <unnamed>*
8 2z ¢+ QK T
Run | Brageam | Instalstion  Move 10 Log e oPen =
o DSl creoncs  varsois
Move
1 ¥ Robot Program P
opu
Waypoint 2 ¢ < Move/ pup
Direction i ? Waypoint_1 Shows the message below on the screen, and waits for the user to dismiss the dialog.
= Set

Wait 5 B Wait ‘ ‘
Set 6 @ Popup Preview Popup
Popup
Halt Popup type
Comment @ Message

| 3 Warnir
Folder ! ! O d

O Error
) Advanced
) Templates

O Normal Sp —— % Simulation .

The popup is a message that appears on the screen when the program reaches this command.
The style of the message can be selected, and the text itself can be given using the on-screen
keyboard. The robot waits for the user/operator to press the “OK” button under the popup before
continuing the program. If the “Halt program execution” item is selected, the robot program halts
at this popup.

Note: Messages are limited to a maximum of 255 characters.
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15.5.6 Halt

Q - Graphics Variables

L2 1 ¥ Robot Program Halt
Waypoint 2 ¢« Move/
5 5 3 @ Waypoint_1 Program execution stops at this point.
Direction -
4 = Set
Wait 5 B Wait
6 @ Popup
Set 7 O Halt
Popup
Halt
Comment
Folder ] Y

O Normal S —— Simulation .

The program execution stops at this point.

15.5.7 Comment

<unnamed:* D
+

default* ew oper
Q _ Graphics Variables
LR 1 v Robot Program fo t
Waypoint 2 ¢« Move/ ommen
. . 3 @ Waypoint_1
Direction -
a4 - Set
Please enter comment
Wait 5 B wait
. 6 @ Popup |
< 7 O Halt
Popup 8 & Comment
Halt
Comment
a4 I
Folder

O Normal E — 0% Simulation .

Gives the programmer an option to add a line of text to the program. This line of text does not
do anything during program execution.
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15.5.8 Folder

Q _ Graphics Variables

Move

1 ¥ Robot Program Fold

Waypoint 2 ¢ < Move/ older

Efireiiem 3 © waypoint_1 A folder is simply a collection of prograrm lines.
a4 - Set

Wait 5 B Wait Please enter text to be displayed in the program tree:
6 @ Popup

Set 7 ©Hat Folder

Popup 8 ® Comment

Halt 9 ¢ m Fold

< 10 e
Comment
Folder d Y

' ‘ b c K |! m : [ Hide Folder Program Tree
O Normal —— 100 ‘;-‘ir‘\‘l‘.l\dti‘ll'\.

A Folder is used to organize and label specific parts of a program, to clean up the program tree,
and to make the program easier to read and navigate.

Folders have no impact on the program and its execution.

15.6 Advanced program nodes
15.6.1 Loop

<unnamed>* D
+

default*

un Fagram | installation  Move
Q _ Graphics Variables
N/ Advanced

1 ¥ Robot Program L
00

Loop 2 ¢ & Movef P

3 ® Waypoint_1
SubProg 4 e Set Please select how many times the program in this loop should be
Assignment 5 B Wait executed.
" 6 @ Popup

7 O Halt @ Loop always
Script 8 ® Comment

9 ¢ m Folder O Loop xtimes
Event 10 - <empty> Loop count Variable name

q 12 - <empty 3

Switch ! : i O Loop when expression is True
Timer ‘
Screwdriving O Check expression continuous
Home

29SS XEBEE

O Normal s (—) 100% ° 0 O 5\!‘\"|U\HDDT'\.

Loops the underlying program commands. Depending on the selection, the underlying program
commands are either looped infinitely, a certain number of times or as long as the given condition
is true. When looping a certain number of times, a dedicated loop variable (called 1oop_1 in
the screen shot above) is created, which can be used in expressions within the loop. The loop
variable counts from0to N — 1.
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When looping using an expression as end condition, PolyScope provides an option for continu-
ously evaluating that expression, so that the “loop” can be interrupted anytime during its execu-
tion, rather than just after each iteration.

15.6.2 If

If and If...Else statements change the robot’'s behavior based on sensor inputs or variable
values.

\/ Advanced

Loop

¥ Robot Program
@ o Move/

If

@ Waypoint_1 Depending on the state of the given sensor input or program variable, the folowing

SubP
ubEreg - Set nes will be executed

@ Popup If ‘

O Halt [ Check expression continuousty
® Comment

9 ¢ = Folder

10 =| <empty

1
2
3
4
Assignment 5 B Wait
6
If 7
8

Script

Event

Thread 11 ¢ & Loop
Switch 1 12 - <empty: I»
WIES 13 L. cal
Timer 14 = var_2:=2 *force()
o 15 ¢ & If
Screwdriving 15 = <ermpty
Home
) Templates

| Add Eiserr || Remove Eiserr |

O Normal S Ce 0% Simulation .

Select conditions in the Expression Editor that make up expressions using an If statement. If
a condition is evaluated as True, the statements within this If command are executed. An If
statement can have only one Else statement. Use Add ElseIf and Remove Elself to add and
remove Elself expressions.

Select Check Expression Continuously to allow If, ElseIf and Loop statements to be evalu-
ated while the contained lines are executed. If an expression inside an If statement is evaluated
as False, the E1seIf or Else statements are followed.

NOTE:

If there are waypoints inside an If expression or inside a Loop ex-
pression with the Check Expression Continuously option, you
can add a stopj () or a stopl() after the expression to gently de-
celerate therobot arm. This is valid for both If and Loop Commands

(see section 15.6.1).
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15.6.3 SubProgram

q - Graphics Variables
\ Advanced
[ rdnced | SubProgram_1

Loop

A subprogram can either point to a file on disk, or can be contained
SubProg in this program.

SubP il
Assignment ul ro?ram ile

<No File Selected>

If
Load File

Script
Event

Thread

Switch
Timer
Screwdriving

Home

> Templates

| Save SubProgram || Clear SubProgram

[ Keep SubProgram File Updated with this Program

' . b e XK |! m : O Hide Subprogram Tree
@ — e

A Sub Program can hold program parts that are needed several places. A Sub Program can be
a separate file on the disk, and can also be hidden to protect against accidental changes to the

SubProgram.
Call SubProgram
<unnamed>*
e
un fogram | instalation  Move o . Save
Q - Graphics Variables
87 REEREEE] 1 ¥ Robot Program call Sub .
Loop 2 ¢ & Movel all Subroutine
SubProg i = ?e;/\/aypofntil Choose which subroutine to call at this point at the program execution.
Assignment 5 B Wait None v
e 6 @ Popup
7 O Hal
Script 8 ® Comment
Event 9 ¢ = Folder
ven 10 - <empty>
Thread 11 ¢ & Loop
Switch aq 12 - <empty > »
13 t.cal
Timer

Screwdriving

Home

) Templates

O Normal S —— Simulation .

A call to a sub program will run the program lines in the sub program, and then return to the
following line.
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15.6.4 Assignment

Q _ Graphics Variables

\/ Advanced

1 ¥ Robot Program
Ay 2 o Movel < Assignment source [Expression v |
3 @ Waypoint_1
SubProg 4 = Set - Assigns the selected variable with the value of the expression.
Assignment 5 B Wait Variable Expression
6 @ Popup
If 7 O Halt |var72 A ‘ = ‘ 2 * force()
Script 8 ® Comment
9 ¢ = Folder
Event 10 = <ernpt
Thread 11 ¢ & Loop
Switch W 12 - P
13 1. Call
Timer 14 o= var_2:=2 *force()
Screwdriving
Home

) Templates

'S DR ¥} =

O Normal

Assigns values to variables. An assignment puts the computed value of the right hand side into
the variable on the left hand side. This can be useful in complex programs.

15.6.5 Script

\ Advanced

Q - Graphics Variables

Locp 2 s Script Code
SubProg i _?E;/Vaypo!ntj Below you can enter text that will be executed as script code by the URController.
Assignment 5 B Wait
6 @ Popup |
I 7O Halt
Script 8 ® Comment
9 ¢ = Folder
55003 10 - <empty=
Thread 11 ¢ & Loop
Switch a 12 - <empty: 3
13 tacal
Timer 14 == var_2:=2 *force()
Screwdriving 15 ¢-Lelir.. X i
1 =| <empty=
Home 17 E Script

> Templates

t R B-Rel- g Nl =

O Normal S —— 100% ° 0 o S\rw,ﬂat\-:wr'u.

The following options are available in the drop down list under Command:

« Line allows you to write a single line of URscript code, using the Expression Editor ( 15.1.4)
+ File allows you to write, edit or load URscript files.
You can find instructions for writing URscript in the Script Manual on the support website (http:
//www.universal-robots.com/support).

Functions and variables declared in a URscript file are available for use througout the program
in the PolyScope.
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15.6.6 Event

Q - Graphics Variables
W Advanced

1 ¥ Robot Program E t
Loop 2 =| <empty. ven
SubProg 3 ¥/ Event An Event is similar to an Interrupt, however, In an event the
4 == <empty execution of the main program continues while the event code is
Assignment being executed. While the event is being executed, new events will
have no effect.
If
Depending on the state of the given sensor input or program
Script variable, the following lines will be executed.
Event
Thread
I I
Switch
Timer

Screwdriving

Home

2SS XKBRET

O Normal L 0% Simulation .

An event can be used to monitor an input signal, and perform some action or set a variable when
that input signal goes high. For example, in the event that an output signal goes high, the event
program can wait for 200ms and then set it back to low again. This can make the main program
code a lot simpler in the case on an external machine triggering on a rising flank rather than a
high input level. Events are checked once every control cycle (2ms) .

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

15.6.7 Thread

0n
0 n

default

Nem.

<unnamed> D ] E
= per save
Q _ Graphics Variables

v Advanced

1 ¥ Robot Program
Loop 2 = <empty Thread
SubPro 34 Thread_1 Athread is a parallel program that runs along with the main program. A thread can
9 a4 - <empty perform 1/O, wait for signals, and set variables

(EEIAIGIL Useful for controling other machines while the robot is running.
If

Script

Event

Thread

Switch
Timer
Screwdriving

Home

) Templates

[& Loops Forever

' ‘ b C’ K |! m : [ Track program execution

O Normal O —— 0% Simulation .

A thread is a parallel process to the robot program. A thread can be used to control an external
machine independently of the robot arm. A thread can communicate with the robot program
with variables and output signals.
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15.6.8 Screwdriving

The Screwdriving program node provides an easy way to add a screwdriving application for an
attached screwdriver. Configuring the screwdriver and its connections to the robot is defined in
the Installation Tab (see 16.1).

<unnameds>* D E E
=
e, Open. Save.

default_1*

mun | 1o
Q - Graphics Variables

V Advanced

1 v Robot Program s drivi
Loop 2 @ v Screwdriving crewdriving

3 ¢ > Untl
S 4 ®| 'Add actions for this handler be Screwdriver: User-Defined
Assignment ? A Start /O and TCP must be defined in the installation
If Direction
Script @ Tighten
Event O Loosen
Thread

I I
Switch
Timer [ Enable Starting Point
Screwdriving
Home Process
) Templates [ Follow the screw using

<
29 XBEMT [+ |awunm

O Reduced Speed (e 100% Sw‘mu\at\-:wn.

Adding a Screwdriving Node

1. In the Header, tap Program.

2. Under Advanced, tap Screwdriving.

3. Select Tighten to follow the screw in a tightening direction (in), or select Loosen to follow
the screw in a loosening direction (out). This selection only impacts the motion of the robot
to follow the screw and its measuring calculations.

4. In the Program Selection field, you can select a screwdriver program, depending on the
Program Selection signals in the Installation.

5. Select Enable Starting Point, to add a Movel to the Program Tree that is executed when
the screwdriver is already running.

Selecting Follow the Screw, under Process, to affect the screwdriving action in the following
ways:

+ Force: Select Force to define how much force is exerted on a screw. Then select Speed
Limit, so the robot moves at this speed as long as it does not come into contact with the
screw.

CAUTION:

Place the screwdriver bit above the screw before starting a screw-
driving program. Exerting any force on the screw can affect the
screwdriving program performance.

+ Speed: Select a fixed Tool Speed and Accelerationfor the robot to follow the screw.

+ Expression: Similar to the If command (see 15.6.2), select Expression to describe the
condition under which the robot follows the screw.
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Screwdrive Until

The Screwdriving program node includes a mandatory until success Until node that defines stop

criteria for the screwdriving process.

<unnameds>*
unnam D ] E

default_1*

i rogram | intalation
W Advanced

Loop

1 v Robot Program
2 ¢ V¥ Screwadriving
3 9@ > Untl
B 4 ® 'Add actions for this handler be
5 @ > Untl

6 | 'Add actions for this handler be

Assignment
If

Script
Event

Thread

Switch
Timer
Screwdriving

Home

O Reduced

You can define the following stop criteria:

New.

Variables

Until

Specify the Until condition. The robot wil follow the process Until the specified
condition is met.

Success

‘
B
Error

i

Add Until

+ Success: Screwdriving continues until completion is detected using your selected option.
You can only add one success condition.

« Error: Screwdriving continues until an error is detected using your selected option/s. You
can add more than one error condition.
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Success

« OK: Screwdriving continues until
an OK signal from the screwdriver
is detected.

« Time: Screwdriving continues
upto a defined time.

Distance: Screwdriving continues
upto a defined distance.

Expression: Screwdriving contin-
ues until a custom expression
condition is met.

Error

+ Not OK: Screwdriving stops when
a NOT OK signal from the screw-
driver is detected.

- Distance:  Screwdriving stops
when the defined distance is
exceeded.

« Timeout:  Screwdriving stops
when the defined time is ex-
ceeded.

15.6.9 Switch

v Advanced

Loop
SubProg
Assignment
If

Script

Event
Thread
Switch
Timer
Screwdriving

Home

> Templates

O Normal

1 ¥ Robot Program
2 ¢ o Move/

3 ® Waypoint_1
a4 - Set

5 B Wait

6 @ Popup

7 O Halt

8 ® Comment

9 ¢ = Folder

10 - <er

11 ¢ & Loop

12 - <err

13 1. Call

14 o= var_2:=2 *force()
15 ¢ & If

16 =] <empty>
17 & Script

18 % Switch ...

Q _ Graphics Variables

Switch

You can use a switch statement to control the flow of your program.
These can replace complex If...Else If statements and can test a range of
values for your expression

Switch

[ Default Case

-]

Case

Case ‘No Selection v

Simulation .
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A Switch Case construction can make the robot change behavior based on sensor inputs or
variable values. Use the Expression Editor to describe the base condition and define the cases
under which the robot should proceed to the sub-commands of this Switch. If the condition is
evaluated to match one of the cases, the lines inside the Case are executed. If a Default Case
has been specified, then the lines will be executed only if no other matching cases were found.

Each Switch can have several Cases and one Default Case. Switches can only have one in-
stance of any Case values defined. Cases can be added using the buttons on the screen. A Case
command can be removed from the screen for that switch.

15.6.10 Timer

1 <Unnameds+
R e D W
Run | Bragiam | instalation  Move o Log B Save
Q - Graphics Variables
& GEEREEE] 1 ¥ Robot Program Timer
2 M
LeRD ? o ove . Measures the time. The time measured appears in the variable
E— 3 ® Waypoint_1
9 4 = Set | Va Ht\meril -
Assignment 5 B Wait
6 @ Popup
W 7 ® Har Q start
Script 8 ® Comment O Stop
9 = Folder
Event 10 ? = O Reset
Thread 11 ¢ & Loop
Switch 4 12 =| <empty> 3
13 L. Call
Timer 14 2= var_2:=2 * force()
15 ¢ b If..

Screwdriving

15 d pty
Home 17 E Script

b ; 18 & Switch ...

O Normal § —— 100% ° 0 o S\r‘\‘lu\ﬂt\\]ﬁ.

A Timer measures the length of time it takes for specific parts of the program to run. A program
variable contains the time passed since a Timer started, and can be seen in the Variables Tab
and in the Run Tab.
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15.6.11 Home

n Progeam  |nstallation o 09 _ _ =" -
N7 LG 1 ¥ Robot Program ~ Home
Loop 2 # Home Move to the Home Position defined in the installation
— 3 ¢ o MoveP
ubProg 4 @ Waypoint_1 M

Assignment 5 @® Variable ove]

o 6 9 ¥ CircleMove @ Joint Speed °ls
7 ® ViaPoint_1 Joint Acceleration ofs2

Script 8 @ EndPoint_1

. . 9 - cer O Time

ven 10 B Wait

Thread 11 @ Popup

Switch 13 @ Comment o

Timer 14 ¢ m Folder

. 1 - <empt)

Sl 16 ¢ & Loop Assign Output to the Safe Home position in the Safety Configuration

Home 17 = <empt)
s L ca Safe Home Outputs

> Templates 19 2= var_2:=2 *force() Not configured Not assigned

20 ¢ bIF..

21 -
22 E Script
23 & Switch ...

rES - x BB
O Power off S E—) 100% Smulation .

The Home node uses joint angles to move the robot to a predefined Home position. If defined
as a Safe Home position,the Home node displays as Home(Safety) in the Program Tree. If the
Home position is out of sync with Safety, the node is undefined.

15.7 Templates
15.7.1 Palletizing

Palletizing is a template to easily program palletizing and depalletizing tasks, picking-and-placing
parts (i.e., from trays, fixtures, etc.), and having the robot perform repeatable actions for different
items in multiple layers with different patterns. You can create different patterns and apply them
to specific layers. You can also place a separator between each layer (see 15.7.1). Further-
more, you can use Features from Pallet Properties to easily adjust the placement of your pallet.
To learn about Features, see 16.3. Follow the Creating a Palletizing Program section below to
use the Palletizing template.
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Creating a Palletizing Program

Q _ Graphics Variables

1 ¥ Robot Program Palletizi
W Templates 2 ¢ i Pallet_1 alletizing
3 9 ¥ Action before palletizing
Seek 4 = <empity> Palletizing allows the robot to perform palletizing/depalletizing tasks such as
- picking-and-placing parts from areas and performing the same actions for different
Force 5 items in multiple layers.
6
Palletizing 5
Palletizin:
Conveyor 8 @ 9 l A
Tracking 9 O Depalletizing Wl
10 iy
11 :
q ,  Pallet Properties
Narne Pallet_1 2]
Feature Base hd
Object Height I }
Item Counter Pallet_1_cnt

O Remember last item location
Actions

& Add action before palletizing

23S XBHEEZ [ [Add action after palketizing
=

. Decide if you want to teach a Feature (see 16.3) or use a Base as a reference plane.
. In the Program Tab, under Templates, tap Palletizing.

. On the Palletizing screen, select one of the following actions depending on the desired

action.

(a) Select Palletizing to organize items onto a pallet.
(b) Select Depalletizing to remove items from a pallet.

. Under Pallet Properties, specify the Name, Feature (see Step 1), Object Height, and Item

Counter name for your program. Select the Remember last item location box if you want
the robot to restart at the item it was handling when it stopped.

. On the Palletizing screen, under Actions, add additional actions to be performed before or

after palletizing sequence by selecting the following:

(a) Add Action Before Palletizing: These actions are performed before starting to pal-
letize.

(b) Add Action After Palletizing: These actions are performed after finishing palletizing.

. On the Program Tree, tap the Patterns node to designate patterns for your layers. You can

create the following type of patterns: Line, Grid, or Irregular (see figure below). On this
screen, you can select if you want to include a separator between layers (see 15.7.1).

. Tap the pattern node(s) on the Program Tree to teach the robot layer-specific positions

(e.g., start/end points, grid corners, and/or number of items). See 15.5.1 for teaching
instructions. All positions must be taught at the bottom of the pallet. To duplicate a pattern,
tap the Duplicate pattern button on the Pattern node screen that you wish to duplicate.
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8. In the Program Tree, tap the Layers node to configure the layers of your palletizing se-
quence. Use the Choose Pattern drop-down menu to select the pattern for each layer. Tap
the Add layer button to add additional layers to your program. Layers must be added in the

Line
To teach the positions, select each
item in the Program Tree:

+ Start_ltem_1

+ End_ltem_1
Insert the number of items in your se-
guence using the Items text box at the
bottom of the screen.

Grid
To teach the positions, select each
item in the Program Tree:

+ Corner_ltem_1
+ Corner_ltem_2
+ Corner_ltem_3
+ Corner_ltem_4

Insert the number of rows and columns
in the appropriate text boxes to set the
dimensions of the pattern.

Irregular
To teach the positions, select each
item in the Program Tree:

* [tem_1
* [tem_2
* [tem_3

Tap Add Item to add and identify a new
item in the sequence.

correct order, as they cannot be reordered later.

9. In the Program Tree, tap At Each Item node. Choose to use the default option (A) At Each
Item Wizard, or (B) Manually Configure At Each Item. Instructions for each option are below.

(A) At Each Item Wizard The At Each Item Wizard assists in defining the actions performed
at each item on a pallet, such as the ReferencePoint, the Approach Waypoint, ToolActionPoint
Waypoint, and Exit Waypoint (described in the table below). The Approach and Exit Waypoints
for each item remains in the same orientation and direction regardless of the different items’
orientation.

1. Tap the At Each Item node on the Program Tree.

2. Onthe At Each Item screen, tap Next.

3. Tap the Move Here button. Then, hold the Auto button or use the Manual button to move

the robot to the ReferencePoint. Tap the Continue button. Tap Next.

4. Tap Set Waypoint to teach the Approach Waypoint (see 15.5.1). Tap Next.

Version 5.5
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5. Repeat Step 3.
6. Tap Set Waypoint to teach the Exit Waypoint (see 15.5.1). Tap Next.
7. Tap Finish.

8. You can now add appropriate gripper action nodes in the Tool Action folder in the Program
Tree.
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ToolActionPoint Waypoint: The location and posi-
tion you want the robot to be in when conducting an
action for each item in a layer. The ToolActionPoint
Waypoint is the ReferencePoint by default, but it can
be edited in the Program Tree by tapping the ToolAc-
tionPoint Waypoint node.

N i When using the wizard, the ReferencePoint is the
first position in the first defined layer on the pallet.
The ReferencePoint is used to teach the robot the
Approach Waypoint, ToolActionPoint Waypoint, and
Exit Waypoint for each item in a layer.

Approach Waypoint: The collision-free position and
direction you want the robot to take when approach-
ing an item in a layer.

ToolActionPoint

Wy %
Approach

Tool Action: The action you want the robot attach-
ment to perform for each item.

| “' . |

Tool Action

Exit Waypoint: The position and direction you want
the robot to take when moving away from an item in
a layer.

| ."" .

Exit

(B) Manual Configuration

1. Tap the At Each Item node on the Program Tree.
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2. On the At Each Item start screen, tap Manual Configuration.

3. Use the drop-down menus to select a Pattern and a ReferencePoint item. Tap the Use this
ReferencePoint button to set the ReferencePoint.

4. Move the robot to the ReferencePoint by tapping Move Here.

5. Tap the Approach node in the Program Tree to teach the robot the Approach Waypoint (see
15.5.1). The Approach Waypoint remains in the same orientation and direction regardless
of the different items’ orientation.

6. Tap the At Each Item node in the Program Tree. Repeat Step 4.

7. Tap the Exit node in the Program Tree to teach the robot the Exit Waypoint (see 15.5.1).

8. You can now add appropriate gripper action nodes in the Tool Action folder in the Program

Tree.

Adding a Separator Between Layers in a Palletizing Sequence

Separators, such as paper or Styrofoam, can be placed between layers in a palletizing sequence.
To add separators between layers, follow the instructions below:

1.
2.

On the Program Tree, select the Patterns node.

On the Patterns screen, select Separator and define the height using the Separator Height
text box. If the height is not defined, the program will not run.

. Select Layers in the Program Tree. On the Layers screen, select which layers you want the

separators to go between (separators are automatically placed between each layer).

Tap the Separator node in the Program Tree. Tap Set Separator to teach the Separator
Position.

Choose between using the default option (A) Separator Wizard, or (B) Manually Configure
the Separator sequence. Instructions for each option are below.

When the wizard is complete, or if you cancel the wizard, a template appears in the Program Tree
under Separator Action. In addition to the Tool Action folder under the Separator Action node,
you can select one of the following folders:

Pick Up Separator to program the robot to pick up separators for palletizing

+ Drop Off Separator to drop off separators for depalletizing

(A) Separator Wizard

1.
2.

Tap the Separator Action node on the Program Tree.

On the Separator Action screen, tap Next.
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3. Tap the Move Here button and hold the Auto button or use the Manual button to move the
robot to the Separator Point. Tap the Continue button. Tap Next.

Tap Set Waypoint to teach the Approach Waypoint (see 15.5.1). Tap Next.
Repeat Step 3.

Tap Set Waypoint to teach the Exit Waypoint (see 15.5.1). Tap Next.

Tap Finish.

© N o g &

You can now add appropriate action nodes in the Pick Up Separator, Drop Off Separator,
and Tool Action folders in the Program Tree.

(B) Manual Configuration

1. Tap the Separator Action node on the Program Tree.
On the Separator Action start screen, tap Manual Configuration.

Move the robot to the Separator Point by tapping Move to Separator Point.

> wn

Tap the Approach node in the Program Tree to teach the robot the Approach Waypoint (see
15.5.1).

o

Tap the Separator Action node in the Program Tree. Repeat Step 3.
6. Tap the Exit node in the Program Tree to teach the robot the Exit Waypoint (see 15.5.1).

7. You can now add appropriate action nodes in the Pick Up Separator, Drop Off Separator,
and Tool Action folders in the Program Tree.

Options to Customize A Palletizing Program
You can customize your palletizing program in the following ways:

« If your pallet needs to be adjusted or re-positioned after you have created a palletizing pro-
gram, you only need to re-teach the pallet Feature (see 16.3) because the palletizing se-
quence is fixed relative to the Feature. Thus, all other program components automatically
adjust to the newly taught position.

* You can edit the properties of the move commands (see 15.5.1).
* You can change the speeds and blends radii (see 15.5.1).

* You can add other program nodes to the At Each Item sequence or the Separator Action
sequence.

15.7.2 Seek

A seek function uses a sensor to determine when the correct position is reached to grab or drop
an item. The sensor can be a push button switch, a pressure sensor or a capacitive sensor. This
function is made for working on stacks of items with varying item thickness, or where the exact
positions of the items are not known or too hard to program.

Version 5.5 11-73 e-Series

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



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

R
UNIVERSAL ROBOTS 15.7 Templates

Stacking Destacking

v f o

3 Ii L) IE

When programming a seek operation for working on a stack, one must define s the starting point,
d the stack direction and i the thickness of the items in the stack.

On top of this, one must define the condition for when the next stack position is reached, and
a special program sequence that will be performed at each of the stack positions. Also speed
and accelerations need to be given for the movement involved in the stack operation.

Stacking

<unnamed>*
default*

q - Graphics Variables
) ] ¥ Robot Program

9 b Move/

Select Seek Type

A seek operation is defined

W Templates

® Waypoint_1
- Set A: The starting position

1
2
3
Seek 4
Force 5 B Wait B: Direction of the stack
6
7
8

| Popup C: The item thickness
O Halt

Conveyor ® Comment
Tracking 9 ¢ m Folder

10 = <empt)

11 ¢ & Loop
= <empt) 3
13 t.cal
14 = var_2:=2 *force()
5 B L L
16 =| <empty > Ta
17 B Script O . [

18 & Switch ...
19 ©® tmer_1 [ ]
o[ @ -

20 El Seek

Palletizing
Please select between stacking and destacling

-
N}

Stacking Destacking

O Normal S Simulation .

When stacking, the robot arm moves to the starting position, and then moves opposite the di-
rection to search for the next stack position. When found, the robot remembers the position
and performs the special sequence. The next time round, the robot starts the search from the
remembered position incremented by the item thickness along the direction. The stacking is
finished when the stack height is more than some defined number, or when a sensor gives a
signal.
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Destacking

Variables

1 ¥ Robot Program
3 @ Waypoint_1

seek 4= set

Force 5 B Wait

- 6 @ Popup

Palletizing 7 © Hat

Conveyor 8 | Comment

liackdng 9 ¢ m Folder .
10 = <empty>
11 ¢ & Loop I B

a 12 = <empty I ¢ [ s 2

13 tacal .
14 = var_2:=2 *force() |
15 ¢ b If
16 - <empty>
17 & Script

The next position is found when

The destack is defined by the following parameters

A: The starting position
B: Direction of the stack
C: The item thickness

18 & Switch ...
19 [ tmer_1

20 @ B Destack

21 © StartPos

22 @+ Direction

25 @ i PickSequence

Item thickness

0.0 mm

O Sequence before start

' ' b C’ e |! m = O Sequence after end

Shared Parameters
250 mm/s
Tool Acceleration 1200 mmj/s?

Reset to defaults
Simulation .

Tool Speed

O Normal

When destacking, the robot arm moves from the starting position in the given direction to search
for the next item. The condition on the screen determines when the next item is reached. When
the condition becomes satisfied, the robot remembers the position and performs the special
sequence. The next time round, the robot starts the search from the remembered position, in-

cremented by the item thickness along the direction.

Starting position

The starting position is where the stack operation starts. If the starting position is omitted, the

stack starts at the robot arm’s current position.

Direction

Variables

A direction is given by the line between the TCP position of two waypoints.

1 ¥ Robot Program . .
v Templates 2 & & Movef Direction
3 @ Waypoint_1
Seek 4 = Set
Force 5 B Wait [ Stop after 500.0 mm
o 6 @ Popup
FEl=EEIR 7 © Halt O stop when
Conveyor 8 |® Commert
Tracking 9 ¢ m Folder
10 - <el
11 ¢ & Loop
112 - <el I
13 tacal
14 a= var_2:=2 * force()
15 ¢ b,
16 =| <empty:
17 E Script

18 & Switch ...

19 © timer_1

20 ¢ B Destack

21 © startPos

22 & — Direction

25 e i PickSequence

'R A-RS Nl =

Shared Parameters
Tool Speed 10 mm/s
Tool Acceleration 1200  mrmy/s?

Reset to defaults
Simulation .

O Normal S — 100%

000

The direction is given by two positions, and is calculated as the position difference from the first

positions TCP to the second positions TCP.
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Note: A direction does not consider the orientations of the points.

Next Stacking Position Expression
The robot arm moves along the direction vector while continuously evaluating whether the next
stack position has been reached. When the expression is evaluated to True the special sequence
is executed.

“BeforeStart”

The optional BeforeStart sequence is run just before the operation starts. This can be used to
wait for ready signals.

“AfterEnd”

The optional AfterEnd sequence is run when the operation is finished. This can be used to signal
conveyor motion to start, preparing for the next stack.

Pick/Place Sequence

The Pick/Place Sequence is a special program sequence performed at each stack position, sim-
ilar to the Pallet operation . .

15.7.3 Force

In the robot workspace Force mode allows for compliance and force in selectable axes. All robot
arm movements under a Force command are in Force mode. When the robot arm is moving in
Force mode, it is possible to select one or more axes there the robot arm is compliant. The
robot arm complies with the environment along a compliant axes. This means the robot arm
automatically adjusts its position in order to achieve the desired force. It is also possible to
make the robot arm itself apply a force to its environment, e.g. a workpiece.

Force mode is suited to applications where the actual TCP position along a predefined axis is not
important, but instead a desired force along that axis is required. For example if the robot TCP
rolls against a curved surface, pushes or pulls a workpiece. Force mode also supports applying
certain torques around predefined axes.

Note: if no obstacles are met in an axis where a non-zero force is set, the robot arm attempts to
accelerate along that axis.

Although an axis is selected to be compliant, the robot program still tries to move the robot along
that axis. However, force control assures that the robot arm still approaches the specified force.

NOTE:
If there is a Force node inside an If, ElseIf or Loop, and the Check
Expression Continuously option is selected, you can add an
end_force_mode () script at the end of the expression to exit force
control.
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WARNING:
1. Avoid high deceleration just before entering force mode.

2. Avoid high acceleration in force mode, since it decreases
force control accuracy.

3. Avoid movements parallel to compliant axes before entering
force mode.

<unnamed:* 5 E E
+
open..  save

default*

0n
00

Nem.

Q _ Graphics Variables
[P —
g ~ Force

©@ Waypoint_1 The program part under this farce command will be run in force mode. In force mode,
- Sot the robot will be free in the direction of the selected feature to apply the specified force

2
3
4
5 B Wait
6
7
8

\ Templates

Seek

Force [ Popup

O Halt

® Comment Base v

Feature

Palletizing

Conveyor

Tracking 9 ¢ = Folder

10 - <empt)y
11 ¢ & Loop
12 =| <emp)

113 tacal L -
14 a= var_2:=2 *force() -t
15 ¢ bIf..

16 - <empt)

17 F Script

18 & Switch ...

19 © timer_1

20 ¢ B Destack

21 @ startPos

22 @ — Direction

25 e i1 PickSequence

30 ¢ F Force v Use the test button in cembination with the freedrive
‘ ¢ ! o s DUCON 0N the Teach Pendant to test the force mode. Test
f 5 e B

p Force
0.0 N

O Normal Speed (— 100% Sim‘wu\ati-:wn.

Feature selection
The Feature menu is used to select the coordinate system (axes) the robot will use while it is
operating in force mode. The features in the menu are those which have been defined in the
installation (see 16.3).

Force mode type
The are four different types of force mode each determining the way in which the selected feature
will be interpreted.

+ Simple: Only one axis will be compliant in force mode. The force along this axis is ad-
justable. The desired force will always be applied along the z-axis of the selected feature.
However, for Line features, it is along their y-axis.

+ Frame: The Frame type allows for more advanced usage. Here, compliance and forces in
all six degrees of freedom can be independently selected.

+ Point: When Point is selected, the task frame has the y-axis pointing from the robot TCP
towards the origin of the selected feature. The distance between the robot TCP and the
origin of the selected feature is required to be at least 10 mm. Note that the task frame will
change at runtime as the position of the robot TCP changes. The x- and z-axis of the task
frame are dependent on the original orientation of the selected feature.

+ Motion: Motion means that the task frame will change with the direction of the TCP motion.
The x-axis of the task frame will be the projection of the TCP movement direction onto the
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plane spanned by the x- and y-axis of the selected feature. The y-axis will be perpendicular
to the robot arm’s motion, and in the x-y plane of the selected feature. This can be useful
when de-burring along a complex path, where a force is needed perpendicular to the TCP
motion.

Note: when the robot arm is not moving: If force mode is entered with the robot arm stand-
ing still, there will be no compliant axes until the TCP speed is above zero. If later, while still
in force mode, the robot arm is again standing still, the task frame has the same orientation
as the last time the TCP speed was larger than zero.

For the last three types, the actual task frame can be viewed at runtime on the graphics tab (see
15.3), when the robot is operating in force mode.

Force value selection

+ Force or torque value can be set for compliant axes, and robot arm adjusts its position to
achieve the selected force.

+ For non-compliant axes robot arm will follow the trajectory set by the program.

For translational parameters, the force is specified in Newtons [N] and for rotational the torque
is specified in Newton meters [Nm].

NOTE:
You must do the following:

+ Use get_tcp_force() script function in separate thread, to
read actual force and torque.

+ Correct wrench vector, if actual force and/or torque is lower
than requested.

Speed limits

Maximum Cartesian speed can be set for compliant axes. The robot moves at this speed in
force control, as long as it does not come into contact with an object.

Test force settings

The on/off button, labelled Test, toggles the behavior of the Freedrive button on the back of the
Teach Pendant from normal Freedrive mode to testing the force command.

When the Test button is on and the Freedrive button on the back of the Teach Pendant is pressed,
the robot will perform as if the program had reached this force command, and this way the set-
tings can be verified before actually running the complete program. Especially, this possibility
is useful for verifying that compliant axes and forces have been selected correctly. Simply hold
the robot TCP using one hand and press the Freedrive button with the other, and notice in which
directions the robot arm can/cannot be moved. Upon leaving this screen, the Test button auto-
matically switches off, which means the Freedrive button on the back of the Teach Pendant is
again used for regular Freedrive mode.

Note: The Freedrive button will only be effectual when a valid feature has been selected for the
Force command.
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15.7.4 Conveyor Tracking

Conveyor Tracking allows the Robot Arm to track the movement of up to two conveyors. Con-
veyor Tracking is defined in the Installation Tab (see section 16.1.10).
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default*
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TCP
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Mounting O Enable conveyor tracking
1/O Setup

Variables

Startup

Smooth
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Tool 1O

> Safety

> Fieldbus

O Normal Speed C— 100% gmwag.],—..

The Conveyor Tracking program node is available in the Program Tab under Templates. All move-
ments under this node are allowed while tracking the conveyor, but they are relative to the motion
of the conveyor belt. Blends are not allowed when exiting Conveyor Tracking, so the robot stops
completely before making the next motion.

Tracking a Conveyor
1. In the Header, tap Program.

2. Tap Templates and select Conveyor Tracking to add a Conveyor Tracking node to the Pro-
gram Tree. Any movements listed under the Conveyor Tracking node tracks the movement
of the conveyor.

3. Under Conveyor Tracking, in the Select Conveyor dropdown list, select Conveyor 1 or Con-
veyor 2 to define which conveyor must be tracked.

NOTE:

If there is a Conveyor Tracking node inside an If, ElseIf or Loop,
and the Check Expression Continuously option is selected, you
can add an end_conveyor_tracking() script at the end of the ex-
pression to exit conveyor tracking.

15.8 URCaps
15.8.1 Remote TCP URCap Configuration

The Remote TCP URCap requires your robot to be registered before use (see 11.4). A Remote
Tool Center Point (RTCP) is a tool center point fixed in space relative to the base of the robot.

Version 5.5 11-79 e-Series

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



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

R
UNIVERSAL ROBOTS 15.8 URCaps

The RTCP works in applications that require the robot to grasp and move items, relative to a
fixed tool. The RTCP is used together with the RTCP_MoveP and RTCP_CircleMove commands
to move a grasped part with constant speed relative to the fixed tool.

Universal Robots Graphical Programming Environment (on 8f0823504b9d)

<unnamed>
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default
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> Fieldbus @m
Position Ve : ;» ;
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RX 0.0000 rad - -
RY 0.0000 rad
&
RZ 0.0000 rad s origin Frame
X >
\
Remote TCP Controller Daemon |

Controller Status: STOPPED

O Power off (§ ] Simulation .

Similarto aregular TCP (see 16.1.1) you can define and name an RTCP in the Installation Tab's
Setup. You can also complete the following actions:

+ Add, Rename, Modify, and Remove RTCPs
+ Understand the default and active RTCP

+ Teach RTCP position

+ Teach RTCP orientation

15.8.2 Setting the RTCP from a Feature

Set an RTCP using a Feature to allow the robot to be jogged relative to the RTCP while creating
RTCP Waypoints and RTCP Circle Moves.

1. Tap the plus icon to create a new RTCP RTCP. Or select an existing RTCP in the drop-down
menu.

2. Tap the Copy values from a point feature drop-down menu and select a Feature. Verify the
RTCP position and orientation values update to match that of the selected Feature.

15.8.3 Remote TCP Movement Types

RTCP_MoveP

Similar to a regular MoveP, the RTCP_MoveP defines the tool speed and acceleration the Robot
Arm moves relative to the Remote TCP. See 16.1.1.

RTCP Circle move

Similar to a regular Circle move, the RTCP Circle move can be added to an RTCP_MoveP to make
circular movements. See 16.1.1.
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NOTE:

The maximum speed of a Circle Move may be lower than the spec-
ified value. The circle radius is r, the maximum acceleration is A,
and the maximum speed cannot exceed Ar due to centripetal ac-
celeration.

RTCP Waypoint

Similar to regular waypoints, RTCP Waypoints allow a tool to move linearly using constant speed
and circular blends. The default blend radius size is a shared value between all the waypoints. A
smaller blend radius size sharpens the path turn. A larger blend radius size smoothens the path.
RTCP Waypoints are taught by physically moving the Robot Arm to a desired position.

Universal Robots Graphical Programming Environment (on 8f0823904bsd)
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Run 1o Log = Open Save
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s
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'Y BN Bl =
O . ‘:I ° o O Sir‘w‘u,ﬂatiw:wn.

Teaching RTCP Waypoints

1. In the Program Tab, insert an RTCP_MoveP node.
2. On the RTCP_MoveP node, tap Set to bring up the Move screen.
3. Onthe Move screen, use Teach Mode or Jog to position the robot in a desired configuration.

4. Tap the green check mark to validate.

Configuring an RTCP Waypoint

Use blends to enable the robot to smoothly transition between two trajectories. Tap Use Shared
Blend Radius or tap Blend with radius to set the blend radius for a waypoint from an RTCP_MoveP.

NOTE:

A physical time node (e.g. Move, Wait) cannot be used as a child of
an RTCP_MoveP node. If an unsupported node is added as a child
to an RTCP_MoveP node, the program fails to validate.
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16 Installation Tab

16.1 General

The Installation Tab allows you to configure the settings which affect the overall performance
of the robot and PolyScope.

16.1.1 TCP Configuration

A Tool Center Point (TCP) is a point on the robot’s tool. Each TCP contains a translation and a
rotation relative to the center of the tool output flange.

When programmed to return to a previously stored waypoint, a robot moves the TCP to the po-
sition and orientation saved within the waypoint. When programmed for linear motion, the TCP
moves linearly.

Fun _Prog installstion| _ tove Log Open
Tool Center Point TCP Visualization
TCP _— »
Bee hd | i .
Mounting
1/0 Setup Position
Variables x 0.0/ mm
Y 0.0 mm
Startup =
: 00
Smooth
Transition
Qrientation
Conveyor ) -
Tracking Units Rotation Vector [rad] - ‘
Screwdriving RX 0.0000 E
Home RY 0.0000
Toolto 00000
> safety Payload and Center of Gravity Tool Flange
Payload: lg [ Center of gravity
> Fieldbus
C 0.0
CY 0.0
00

Normal Speed C——— 100% Simulation .

Position
The X, Y, Z coordinates specify the TCP position. When all values (including orientation) are
zero, the TCP coincides with the center point of the tool output flange and adopts the coordinate
system depicted on the screen.

Orientation
The RX, RY, RZ coordinate boxes specify the TCP orientation. Similar to the Move Tab, use the
Units drop down menu above the RX, RY, RZ boxes to select the orientation coordinates (see
17.3.1).

Adding, Renaming, Modifying and Removing TCPs

Tap the New button to define a new TCP. The created TCP automatically receives a unique name
and becomes selectable in the drop-down menu. To rename a TCP, tap the Pencil button next
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to the TCP drop-down menu. To remove the selected TCP, tap the Remove button. The last TCP
cannot be removed.

The translation and rotation of a selected TCP can be modified by entering new values into the
fields.

Active TCP
When moving linearly, the robot always uses the active TCP to determine the TCP offset. The
active TCP can be changed using a Move command (see 15.5.1) or a Set command. The
motion of the active TCP is visualised on the Graphics Tab (see 15.3).

Default TCP
The Default TCP must be set as the active TCP before running a program. Select the desired TCP
and tap Set as default to set a TCP as the default. The green icon in the available drop-down
menu indicates the default configured TCP.

Teaching TCP position

default*
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Run  Program |installsion|  Move 1o Log
Tool Center Point .
Teach TCP Position
TCP =
| v
N 7z . . L] m @ Wore points are needed

Mounting

1/O Setup Move the TCP to the same position from different angles.

Variables Set point 1

Startup /
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Home

Tool 10 /
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;
0

O Normal Sp —— 100% Simulation .

TCP position coordinates can be calculated automatically as follows:

1. Tap the TCP Position Wizard.
2. Choose a fixed point in the workspace of the robot.

3. Use the position arrows on the right side of the screen to move the TCP from at least three
different angles and to save the corresponding positions of the tool output flange.

4. Use the Set button to apply the verified coordinates to the appropriate TCP. The positions
must be sufficiently diverse for the calculation to work correctly. If they are not sufficiently
diverse, the status LED above the buttons turns red.

Though three positions are sufficient to determine the TCP, a fourth position can be used to
further verify the calculation is correct. The quality of each saved point, with respect to the
calculated TCPR, is indicated using a green, yellow, or red LED on the corresponding button.
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Teaching TCP orientation
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1. Tap the TCP Orientation Wizard.

2. Select a feature from the drop-down list. (See 16.3) for additional information on defining
new features

3. Tap Select point and use Move tool arrows to a position where the tool’s orientation and
the corresponding TCP coincide with the selected features’s coordinate system.

4. Verify the calculated TCP orientation and apply it to the selected TCP by tapping Set.

16.1.2 Payload and Center of Gravity

Specify the weight of a payload and define a center of gravity.

Setting the Payload

Tap the Payload field and enter a new weight. The setting applies to all defined TCPs. For details
about the maximum allowed payload, see the Hardware Installation Manual.

Setting the Center of Gravity
Tap the fields CX, CY and CZ to set the center of gravity. The settings apply to all defined TCPs.
Installations created before version 5.2 support the center of gravity being set to the TCP if they
were previously set. However, from version 5.2, you cannot manually set the center of gravity.

WARNING:
Use the correct installation settings. Save and load the installation
files with the program.

Payload Estimation

This feature allows the robot to help set the correct Payload and Center of Gravity.
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Using Payload Estimation Wizard

1.
2.

In the Installation Tab, under General, select TCP

On the TCP screen, under Payload and Center of Gravity, tap the Payload and Center of
Gravity Wizard.

. In the Payload Estimation Wizard tap Next

Follow the steps to set the four positions.

Setting the four positions requires moving the robot arm into four different positions. Each
position is measured. Individual measurements can be modified by tapping the center of
gravity fields and entering values.

. Once all measurements are complete, tap Finish

NOTE:
Follow the these guidelines for best Payload Estimation results:

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

+ Perform the measurements within a short timespan

WARNING:

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

+ Robot mounting and angle must be correctly defined in the
installation

16.1.3 Mounting
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Specifying the mounting of the Robot arm serves two purposes:

1. Making the Robot arm appear correctly on screen.

2. Telling the controller about the direction of gravity.

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

WARNING:

Failure to mount the Robot’s arm correctly may result in frequent
Protective Stops, and/or the Robot arm will move when pressing
the Freedrive button.

If the Robot arm is mounted on a flat table or floor, no change is needed on this screen. However,
if the Robot arm is ceiling mounted, wall mounted, or mounted at an angle, this needs to be
adjusted using the buttons.

The buttons on the right side of the screen are for setting the angle of the Robot arm’s mounting.
The top three right side buttons set the angle to ceiling (180°), wall (90°), floor (0°). The Tilt
buttons set an arbitrary angle.

The buttons on the lower part of the screen are used to rotate the mounting of the Robot arm to
match the actual mounting.

WARNING:
Use the correct installation settings. Save and load the installation
files with the program.

16.1.4 1/0 Setup
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On the 1/0 Setup screen, users can define 1/0 signals and configure actions with the 1/0 tab
control.

Note: When the Tool Communication Interface (TCI) is enabled, the tool analog input becomes
unavailable.

The Input and Output sections list types of 1/0 signals such as:

+ Digital standard general purpose, configurable and tool
+ Analog standard general purpose and tool
+ MODBUS

+ General purpose registers (boolean, integer and float) The general purpose registers can
be accessed by a fieldbus (e.g., Profinet and EtherNet/IP).

1/0 Signal Type
To limit the number of signals listed in the Input and Output sections, use the View drop-down
menu at the top of the screen to change the displayed content based on signal type.

Assigning User-defined Names
To easily remember what the signals do while working with the robot, users can associate names
to Input and Output signals.
1. Select the desired signal
2. Tap the text field in the lower part of the screen to set the name.
3. To reset the name to default, tap Clear.
A general purpose register must be given a user-defined name to make it available in the pro-
gram (i.e., for a Wait command or the conditional expression of an If command) The Wait and

If commands are described in (15.5.3) and (15.6.2), respectively. Named general purpose
registers can be found in the Input or Output selector on the Expression Editor screen.

1/0 Actions and I/0 Tab Control

Input and Output Actions Physical and Fieldbus digital I/0s can be used to trigger actions or
react to the status of a program.

Available Input Actions:
+ Start: starts or resumes the current program on a rising edge. This function is only
enabled in Remote Control (see 21.4.5).
+ Stop: Stops the current program on a rising edge.
+ Pause: Pauses the current program on a rising edge.

« Freedrive: When the input is high, the robot is in freedrive ( similar to the freedrive but-
ton). The input is ignored if a program is running or other conditions disallow freedrive.

WARNING:

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

Available Output Actions:
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+ Low when not running: Output is low when the program state is “stopped” or “paused”.

+ High when not running: Output is high when the program state is “stopped” or “paused”.

+ High whenrunning, low when stopped: Output is low when the program state is “stopped”
or “paused” and high when it is running.

+ Continuous Pulse: Output alternates between high and low for a specified number of
seconds, while the program is running. Pause or stop the program to maintain the pulse
state.

1/0 Tab Control Specify whether an output is controlled on the 1/0 tab (by either programmers,
or both operators and programmers), or if it is controlled by the robot programs.

16.1.5 Variables
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Variables created on the Variables screen are called Installation Variables and are used like nor-
mal program variables. Installation Variables are distinct because they keep their value even if
a program stops and then starts again, and when the Robot arm and/or Control Box is powered
down and powered up again. Their names and values are stored with the installation, therefore
it is possible to use the same variable in multiple programs.

Create new installation variable
MName Value

i_var_1

Cancel

Pressing Create New brings up a panel with a suggested name for the new variable. The name
may be changed and its value may be entered by touching either text field. The OK-button can
only tapped if the new name is unused in this installation.

It is possible to change the value of an installation variable by highlighting the variable in the list
and then clicking on Edit Value.

To delete a variable, select it and tap Delete.

After configuring the installation variables, the installation itself must be saved to keep the con-
figuration.
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The installation variables and their values are saved automatically every 10 minutes.

If a program or an installation is loaded and one or more of the program variables have the same
name as the installation variables, the user is presented with options to either resolve the issue
using the installation variables of the same name instead of the program variable or rsolve the
issue by having the conflicting variables renamed automatically.

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

WARNING:

1. When autoload, auto start and auto initialize are enabled, the
robot runs the program as soon as the Control Box is pow-
ered up as long as the input signal matches the selected signal
level. For example, the edge transition to the selected signal
level will not be required in this case.

2. Use caution when the signal level is set to LOW. Input signals
are low by default, leading the program to automatically run
without being triggered by an external signal.

3. You must be in Remote Control Mode before running a pro-
gram where auto start and auto initialize are enabled.

Loading a Startup Program
A default program is loaded after the Control Box is powered up. Furthermore, the default pro-
gram is auto loaded when the Run Program screen (see 14) is entered and no program is
loaded.
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Starting a Startup Program

The default program is auto started in the Run Program screen. When the default program is
loaded and the specified external input signal edge transition is detected, the program is started

automatically.

On Startup, the current input signal level is undefined. Choosing a transition that matches the
signal level on startup starts the program immediately. Furthermore, leaving the Run Program
screen or tapping the Stop button in the Dashboard disables the auto start feature until the Run
button is pressed again.

16.1.7 Tool I/0
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I/0 Interface Control

The 1/0 Interface Control allows you to switch between user control and URcap control.

1. Tap the Installation tab and under General, tap Tool I/0

2. Under 1/0 Interface Control, select User to access the Tool Analog Inputs and/or Digital
Output Mode settings. Selecting a URCap removes access to the Tool Analog Inputs and
the Digital Output Mode settings.

NOTE:

If a URCap controls an end-effector, such as a gripper, then the UR-
Cap requires control of the Tool IO Interface. Select the URCap in
the list, to allow it to control the Tool |10 Interface.

Tool Analog Inputs

Tool Communication Interface

The Tool Communication Interface (TCI) enables the robot to communicate with an attached
tool via the robot tool analog input. This removes the need for external cabling.
Once the Tool Communication Interface is enabled, all tool analog inputs are unavailable.
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Configuring the Tool Communication Interface (TCI)
1. Tap the Installation tab and under General tap Tool I/0.

2. Select Communication Interface to edit TCI settings.
Once the TCl is enabled, the tool analog input is unavailable for the I/0 Setup of the Installa-
tion and does not appear in the input list. Tool analog input is also unavailable for programs
as Wait For options and expressions.

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

Digital Output Mode

The tool communication interface allows two digital outputs to be independently configured. In
PolyScope, each pin has a drop-down menu that allows the output mode to be set. The following
options are available:

+ Sinking: This allows the pin to be configured in an NPN or Sinking configuration. When the
output is off, the pin allows a current to flow to the ground. This can be used in conjunction
with the PWR pin to create a full circuit (see 5.7.2).

+ Sourcing: This allows the pin to be configured in a PNP or Sourcing configuration. When
the output is on, the pin provides a positive voltage source (configurable in the 10 Tab). This
can be used in conjunction with the GND pin to create a full circuit (see 5.7.2).

+ Push / Pull: This allows the pin to be configured in a Push / Pull configuration. When the
output is on, the pin provides a positive voltage source (configurable in 10 Tab). This can be
used in conjunction with the GND pin to create a full circuit (see 5.7.2). When the output
is off, the pin allows a current to flow to the ground.

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

Dual Pin Power

Dual Pin Power is used as a source of power for the tool. Enabling Dual Pin Power disables
default tool digital outputs.

16.1.8 Smooth Transition Between Safety Modes

When switching between safety modes during events (i.e., Reduced Mode Input, Reduced Mode
Trigger Planes, Safeguard Stops, and Three-Position Enabling Device), the Robot Arm aims to
use 0.4s to create a "soft” transition. Existing applications have unchanged behavior which cor-
responds to the "hard” setting. New installation files default to the "soft” setting.

Adjusting Acceleration/Deceleration Settings
1. Inthe Header, tap Installation.

2. In the In the Side Menu on the left, under General, select Smooth Transition.

3. Select Hard to have a higher acceleration/deceleration
or select Soft for the smoother default transition setting.
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16.1.9 Home
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Home is a user-defined return position for the Robot Arm. Once defined, the Home Position is
available when creating a robot program. You can use the Home Position to define a Safe Home
Position.(See 13.2.12)

Defining Home
1. In the Header, tap Installation.

2. Under General, select Home.
3. Tap Set Position.

4. Teach robot using either Freedrive or Transition buttons.

16.1.10 Conveyor Tracking Setup

The Conveyor Tracking Setup allows the movement of up to two separate conveyors to be con-
figured. The Conveyor Tracking Setup provides options for configuring the robot to work with
absolute or incremental encoders, as well as linear or circular conveyors.

Defining a Conveyor

1. In the Header, tap Installation.
2. Under General, select Conveyor Tracking.

3. Under Conveyor Tracking Setup, in the dropdown list select Conveyor 1 or Conveyor 2.
You can only define one conveyor at a time.

4. Select Enable Conveyor Tracking

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

5. Configure Conveyor Parameters (section 16.1.10) and Tracking Parameters (section 16.1.10).

Conveyor Parameters
Incremental encoders can be connected to Digital Inputs 8 to 11. Decoding of digital signals
runs at 40kHz. Using a Quadrature encoder (requiring two inputs), the robot can determine
the speed and direction of the conveyor. If the direction of the conveyor is constant, a single
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input can be used to detect Rising, Falling, or Rise and Fall edges which determine conveyor

speed.

Absolute encoders can be connected through a MODBUS signal. This requires a Digital MOD-
BUS Output register preconfigured in (section 16.4.1).

Tracking Parameters

Linear Conveyors When a linear conveyor is selected, a line feature must be configured in the
Features part of the installation to determine the direction of the conveyor. Ensure accuracy
by placing the line feature parallel to the direction of the conveyor, with a large distance
between the two points that define the line feature. Configure the line feature by placing the
tool firmly against the side of the conveyor when teaching the two points. If the line feature’s
direction is opposite to the conveyor's movement, use the Reverse direction button.

The Ticks per meter field displays the number of ticks the encoder generates when the

conveyor moves one meter.

Circular Conveyors When tracking a circular conveyor, the conveyor center point must be de-

fined.

1. Define the center point in the Features part of the installation. The value of Ticks per
revolution must be the number of ticks the encoder generates when the conveyor ro-

tates one full revolution.

2. Select the Rotate tool with conveyor checkbox for the tool orientation to track the con-

veyor rotation.

16.1.11 Screwdriving Setup

The Screwdriving Setup provides options for configuring the robot to work with an industrial
screwdriver or an industrial nutrunner. You can setup the screwdriver’s position with respect to

the robot'’s tool flange and electrical interface.
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Configuring a Screwdriver
1. In the Header, tap Installation.
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2. Under General, select Screwdriving, or create your own TCP for screwdriving by tapping
TCP under General.

3. Under Input and Output, configure the 1/0s for your screwdriver. You can use the Interface
list to filter the type of I/Os displayed under Input and Output.

4. Under Start, select the I/0 that starts the screwdriving action.

Note: In any output Program Selection list under Output, you can select an integer output to
switch Program Selection (see 15.6.8) to a number field.

Configuring the Screwdriver Position
1. Under Screwdriving Setup, use the drop-down menu to select a previously defined TCP
(see 16.1.1) where Position and Orientation are set up as follows:
+ Configure the Position to be the tip of the screwdriver tool where it contacts the screw.
+ Configure the Orientation so that the positive Z direction is aligned to the length of the
screws to be tightened.

You can visualize the X, Y and Z coordinates of the selected TCP to confirm it matches the
tool’s bit or socket.

The Screwdriving program node (see 15.6.8) uses the positive Z direction of the selected
TCP to follow the screw and calculate distances.

Typical Orientation values (in Rotation Vector [rad] notation) are illustrated in the following table.
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Screwdriving axis parallel
to the negative Y direction
of the robot’s tool flange

Orientation

* RX: 1.5708 rad
« RY: 0.0000 rad
* RZ: 0.0000 rad

Screwdriving axis parallel
to the positive Y direction
of the robot’s tool flange

Orientation

* RX:-1.5708 rad
+ RY: 0.0000 rad
* RZ: 0.0000 rad

Screwdriving axis parallel
to the positive X direction
of the robot’s tool flange

Orientation

« RX: 0.0000 rad
- RY: 1.5708 rad
* RZ: 0.0000 rad

Screwdriving axis parallel
to the negative X direction
of the robot’s tool flange

Orientation

« RX: 0.0000 rad
* RY:-1.5708 rad
* RZ: 0.0000 rad

Screwdriving axis parallel
to the positive Z direction
of the robot’s tool flange

Orientation

« RX: 0.0000 rad
« RY: 0.0000 rad
+ RZ: 0.0000 rad

Screwdriving axis parallel
to the negative Z direction
of the robot’s tool flange

Orientation

* RX:3.1416 rad
« RY: 0.0000 rad
« RZ: 0.0000 rad
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Configuring the Screwdriver Interface
1. Use the Interface drop-down menu at the top of the screen to change the displayed content
based on signal type.
2. Under Input, configure the signals that the robot receives from the screwdriver:
+ OK: High when tightening ends successfully, if not selected this condition is not avail-
able in the Screwdriving program node

+ NOK: High when tightening ends with errors, if not selected this condition is not avail-
able in the Screwdriving program node

+ Ready: High when the screwdriver is ready to be started, if not selected this condition
is not checked
3. Under Output configure the signals that the robot sends to the screwdriver:

+ Start: starts the tool tightening or loosening a screw depending only on wiring.

+ Program Selection: one integer, or up to four binary signals, can be selected to activate
different tightening configurations stored in the screwdriver

+ Program Selection Delay: wait time to be used after changing the screwdriver's pro-
gram to make sure it is active

16.2 Safety

See chapter 13.

16.3 Features
82+ QM e 3 W
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The Feature, is a representation of an object that is defined with a name for future reference and
a six dimensional pose (position and orientation) relative to the robot base.

Some subparts of a robot program consist of movements executed relative to specific objects
other than the base of the Robot arm. These objects could be tables, other machines, work-
pieces, conveyors, pallets, vision systems, blanks, or boundaries which exist in the surroundings
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of the Robot arm. Two predefined features always exist for the robot. Each feature has its pose
defined by the configuration of the Robot arm itself:

+ The Base feature is located with origin in the centre of the robot base (see figure 16.1)

+ The Tool feature is located with origin in the centre of the current TCP (see figure 16.2)

Figure 16.1: Base feature Figure 16.2: Tool (TCP) feature

User-defined features are positioned through a method that uses the current pose of the TCP
in the work area. This means the users can teach feature locations using Freedrive Mode or
"jogging” to move the robot to the desired pose.

Three different strategies exist (Point, Line and Plane) for defining a feature pose. The best
strategy for a given application depends on the type of object being used and the precision re-
quirements. In general a feature based on more input points (Line and Plane) is be preferred if
applicable to the specific object.

To accurately define the direction of a linear conveyor, define two points of a Line feature with
as much physical separation as possible. The Point feature can also be used to define a linear
conveyor, however, the user must point the TCP in the direction of the conveyor movement.
Using more points to define the pose of a table means that the orientation is based on the posi-
tions rather than the orientation of a single TCP. A single TCP orientation is harder to configure
with high precision.

To learn about the different methods to define a feature see (sections: 16.3.2), (16.3.3) and
(16.3.4).

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

16.3.1 Using a feature

When a feature is defined in the installation, you can refer to it from the robot program to relate
robot movements (e.g. MovedJ, Movel and MoveP commands) to the feature (see section
15.5.1). This allows for easy adaptation of a robot program (e.g., when there are multiple robot
stations, when an object is moved during program runtime, or when an object is permanently
moved in the scene). By adjusting the feature of an object, all program movements relative to
the object is moved accordingly. For further examples, see (sections 16.3.5) and (16.3.6).
When a feature is chosen as a reference, the Move Tool buttons for translation and rotation op-
erate in the selected feature space (see 17.3) and (17.1), reading of the TCP coordinates.
For example, if a table is defined as a feature and is chosen as a reference in the Move Tab, the
translation arrows (i.e., up/down, left/right, forward/backward) move the robot in these direc-
tions relative to the table. Additionally, the TCP coordinates will be in the frame of the table.

+ In the Features tree you can rename a Point, Line or Plane by tapping the pencil button.
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+ In the Features tree you can delete a Point, Line or Plane by tapping the Delete button.

Using Move robot here

Push the Move robot here button to move the Robot arm towards the selected feature. At the
end of this movement, the coordinate systems of the feature and the TCP will coincide.

16.3.2 Adding a Point

Push the Pointbutton to add a point feature to the installation. The point feature defines a safety
boundary or a global home configuration of the Robot arm. The point feature pose is defined as
the position and orientation of the TCP.
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® Tool =
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16.3.3 Adding a Line

Push the Line button to add a line feature to the installation. The line feature defines lines that
the robot needs to follow. (e.g., when using conveyor tracking). A line / is defined as an axis
between two point features p7 and p2 as shown in figure 16.3.

In figure 16.3 the axis directed from the first point towards the second point, constitutes the
y-axis of the line coordinate system. The z-axis is defined by the projection of the z-axis of p1
onto the plane perpendicular to the line. The position of the line coordinate system is the same
as the position of p7.
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Figure 16.3: Definition of the line feature
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16.3.4 Plane Feature

Select the plane feature when you need a frame with high precision: e.g., when working with a

vision system or doing movements relative to a table.

Adding a plane
1. In Installation, select Features.

2. Under Features select Plane.

Teaching a plane

When you press the plane button to create a new plane, the on-screen guide assists you creating

aplane.

1. Select Origo
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2. Move robot to define the direction of the positive x-axis of the plane

3. Move robot to define the direction of the positive y-axis of the plane

The plane is defined using the right hand rule so the z- axis is the cross product of the x-axis and
the y-axis, as illustrated below.

NOTE:
You can re-teach the plane in the opposite direction of the x-axis, if
you want that plane to be normal in the opposite direction.

Modify an existing plane by selecting Plane and pressing Modify Plane. You will then use the
same guide as for teaching a new plane.

16.3.5 Example: Manually Updating a Feature to Adjust a Program

Consider an application where multiple parts of a robot program is relative to a table. Figure
16.4 illustrates the movement from waypoints wp1 through wp4.

Robot Program
MovelJ
S1 & 2 :
Movel # Feature: P1_var
wpl

wp2
wp3

wp4

Figure 16.4: Simple program with four waypoints relative to a feature plane manually updated by chang-
ing the feature

The application requires the program to be reused for multiple robot installations where the po-
sition of the table varies slightly. The movement relative to the table is identical. By defining the
table position as a feature P17 in the installation, the program with a MoveL command configured
relative to the plane can be easily applied on additional robots by just updating the installation
with the actual position of the table.

The concept applies to a number of Features in an application to achieve a flexible program
can solve the same task on many robots even though if other places in the work space varies
between installations.

Version 5.5 11-101 e-Series
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16.3.6 Example: Dynamically Updating a Feature Pose

Consider a similar application where the robot must move in a specific pattern on top of a table

to solve a particular task (see 16.5).

o Y
wpZ \5’ wpl

o1
i

wp3

wpad

Figure 16.5: A MovelL command with four waypoints relative to a plane feature

Robot Program

MovelJ
wpl
y = 0.01
o = pl0,y,0,0,0,0] e
P1_var = pose_trans(Pl_var, o) ks ‘
Movel # Feature: P1_var TR S
wpl
wp2
wp3
wp4

Figure 16.6: Applying an offset to the plane feature

Robot Program
MovelJ
S1
if (digital_input[0]) then
P1_var P1
else

P1_var = P2
Movel # Feature: P1_var K/I\\\‘
WP 1 P1

wp2
wp3
wp4

Figure 16.7: Switching from one plane feature to another

The movement relative to P17 is repeated a number of times, each time by an offset o. In this
example the offset is set to 10 cm in the Y-direction (see figure 16.6, offsets 07 and 02). This
is achieved using pose_add() or pose_trans() script functions to manipulate the variable. It is
possible to switch to a different feature while the program is running instead of adding an offset.
This is shown in the example below (see figure 16.7) where the reference feature for the MovelL

command P7_var can switch between two planes P7 and P2.
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16.4 Fieldbus

Here you can set the family of industrial computer network protocols used for real-time dis-
tributed control accepted by PolyScope: MODBUS, Ethernet/IP and PROFINET.

16.4.1 MODBUS Client I/0 Setup
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Here, the MODBUS client (master) signals can be set up. Connections to MODBUS servers (or
slaves) on specified IP addresses can be created with input/output signals (registers or digital).
Each signal has a unique name so it can be used in programs.

Refresh

Push this button to refresh all MODBUS connections. Refreshing disconnects all modbus units,
and connects them back again. All statistics are cleared.

Add unit
Push this button to add a new MODBUS unit.

Delete unit
Push this button to delete the MODBUS unit and all signals on that unit.

Set unit IP
Here the IP address of the MODBUS unit is shown. Press the button to change it.

Sequential mode

Available only when Show Advanced Options (see 16.4.1) is selected. Selecting this checkbox
forces the modbus client to wait for a response before sending the next request. This mode
is required by some fieldbus units. Turning this option on may help when there are multiple
signals, and increasing request frequency results in signal disconnects. Note that the actual
signal frequency may be lower than requested when multiple signals are defined in sequential
mode. Actual signal frequency can be observed in signal statistics (see section 16.4.1). The
signal indicator will turn yellow if the actual signal frequency is less than half of the value selected
from the "Frequency” drop-down list.
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Add signal
Push this button to add a signal to the corresponding MODBUS unit.

Delete signal
Push this button to delete a MODBUS signal from the corresponding MODBUS unit.

Set signal type
Use this drop down menu to choose the signal type. Available types are:

Digital input A digital input (coil) is a one-bit quantity which is read from the MODBUS unit on the
coil specified in the address field of the signal. Function code 0x02 (Read Discrete Inputs)
is used.

Digital output A digital output (coil) is a one-bit quantity which can be set to either high or low.
Before the value of this output has been set by the user, the value is read from the remote
MODBUS unit. This means that function code 0x01 (Read Coils) is used. When the output
has been set by a robot program or by pressing the set signal value button, the function
code 0x05 (Write Single Coil) is used onwards.

Register input Aregisterinputis a 16-bit quantity read from the address specified in the address
field. The function code 0x04 (Read Input Registers) is used.

Register output A register output is a 16-bit quantity which can be set by the user. Before the
value of the register has been set, the value of it is read from the remote MODBUS unit.
This means that function code 0x03 (Read Holding Registers) is used. When the output
has been set by a robot program or by specifying a signal value in the set signal value field,
function code 0x06 (Write Single Register) is used to set the value on the remote MODBUS
unit.

Set signal address
This field shows the address on the remote MODBUS server. Use the on-screen keypad to choose
a different address. Valid addresses depends on the manufacturer and configuration of the
remote MODBUS unit.

Set signal name

Using the on-screen keyboard, the user can give the signal a name. This name is used when the
signal is used in programs.

Signal value
Here, the current value of the signal is shown. For register signals, the value is expressed as an
unsigned integer. For output signals, the desired signal value can be set using the button. Again,
for a register output, the value to write to the unit must be supplied as an unsigned integer.

Signal connectivity status

This icon shows whether the signal can be properly read/written (green), or if the unit responds
unexpected or is not reachable (gray). If a MODBUS exception response is received, the response
code is displayed. The MODBUS-TCP Exception responses are:

E1 ILLEGAL FUNCTION (0x01) The function code received in the query is not an allowable action
for the server (or slave).
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E2 ILLEGAL DATA ADDRESS (0x02) The function code received in the query is not an allowable
action for the server (or slave), check that the entered signal address corresponds to the
setup of the remote MODBUS server.

E3 ILLEGAL DATA VALUE (0x03) A value contained in the query data field is not an allowable
value for server (or slave), check that the enterd signal value is valid for the specified ad-
dress on the remote MODBUS server.

E4 SLAVE DEVICE FAILURE (0x04) An unrecoverable error occurred while the server (or slave)
was attempting to perform the requested action.

E5 ACKNOWLEDGE (0x05) Specialized use in conjunction with programming commands sent
to the remote MODBUS unit.

E6 SLAVE DEVICE BUSY (0x06) Specialized use in conjunction with programming commands
sent to the remote MODBUS unit, the slave (server) is not able to respond now.

Show Advanced Options
This check box shows/hides the advanced options for each signal.

Advanced Options

Update Frequency This menu can be used to change the update frequency of the signal. This
means the frequency with which requests are sent to the remote MODBUS unit for either
reading or writing the signal value. When the frequency is set to 0, then modbus requests
are initiated on demand using a modbus_get_signal_status, modbus_set_output_register,
and modbus_set_output_signal script functions.

Slave Address This text field can be used to set a specific slave address for the requests cor-
responding to a specific signal. The value must be in the range 0-255 both included, and
the default is 255. If you change this value, it is recommended to consult the manual of the
remote MODBUS device to verify its functionality when changing slave address.

Reconnect count Number of times TCP connection was closed, and connected again.
Connection status TCP connection status.

Response time [ms ] Time between modbus request sent, and response received - this is up-
dated only when communication is active.

Modbus packet errors Number of received packets that contained errors (i.e. invalid lenght,
missing data, TCP socket error).

Timeouts Number of modbus requests that didn't get response.
Requests failed Number of packets that could not be sent due to invalid socket status.

Actual freq. The average frequency of client (master) signal status updates. This value is re-
calculated each time the signal receives a response from the server (or slave).

All counters count up to 65535, and then wrap back to 0.

16.4.2 Ethernet/IP

EtherNet/IP is where you can enable or disable the connection of the robot to a EtherNet/IP. If
Enable, you can select which action should occur to a program when there is aloss of EtherNet/IP
scanner connection. Those actions are:

Version 5.5 11I-105 e-Series
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None: PolyScope will ignore the loss of EtherNet/IP connection and continue normally with the
program.

Pause: PolyScope will pause the current program. Program will resume where it stopped.

Stop: PolyScope will stop the current program.

e-Series 11-106 Version 5.5



17 Move Tab

On this screen, you can move (jog) the robot arm directly, either by translating/rotating the robot
tool, or by moving robot joints individually.
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17.1 Move Tool

Hold down any of the Move Tool arrows to move the robot arm in a particular direction.

+ The Translate arrows (upper) move the robot tool-tip in the direction indicated.

- The Rotate arrows (lower) change the orientation of the robot tool in the indicated direction.
The rotation point is the Tool Center Point (TCP), i.e. the point at the end of the robot arm
that gives a characteristic point on the robot’s tool. The TCP is shown as a small blue ball.

17.2 Robot

If the current position of the robot TCP comes close to a safety or trigger plane, or the orientation
of robot tool is near the tool orientation boundary limit (see 13.2.5), a 3D representation of the
proximate boundary limit is shown.

Note: when the robot is running a program, the visualization of boundary limits is disabled.

Safety planes are visualized in yellow and black with a small arrow representing the plane normal,
which indicates the side of the plane on which the robot TCP is allowed to be positioned. Trigger
planes are displayed in blue and green and a small arrow pointing to the side of the plane, where
the Normal mode limits (see 13.2.2) are active. Thetool orientation boundary limitis visualized
with a spherical cone together with a vector indicating the current orientation of the robot tool.
The inside of the cone represents the allowed area for the tool orientation (vector).
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When the robot TCP is no longer in proximity of the limit, the 3D representation disappears. If
the TCP is in violation or very close to violating a boundary limit, the visualization of the limit
turns red.

Feature

In the top left corner of the Robot field, under Feature, you can define how to control the robot
arm relative to View, Base or Tool features.

Note: For the best feel for controlling the robot arm you can select the View feature, then use
Rotate arrows to change the viewing angle of the 3D image to match your view of the real robot
arm.

Active TCP

In the Robot field, under Active TCP, the name of the current active Tool Center Point (TCP) is
displayed.

Home

The Home button accesses the Move Robot into Position screen, where you can hold down the
Auto button (see 14.4) to move robot into position previously defined under Installation (see
16.1.9).

Freedrive

The on-screen Freedrive button allows the Robot Arm to be pulled into desired positions/poses.

Zero Position

The Zero Position button allows the Robot Arm to return to an upright position.

17.3 Tool Position

The text boxes display the full coordinate values of the TCP relative to the selected feature.
Note: You can configure several named TCPs (see 16.1.1). You can also tap Edit pose to
access the Pose Editor screen.

17.3.1 Pose Editor Screen

Once you access the Pose Editor screen, you can precisely configure a target joint positions, or
a target pose (position and orientation) for the TCP. Note: This screen is offline and does not
control the Robot Arm directly.
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Robot

The 3D image shows the current Robot Arm position. The shadow shows the Robot Arm target
position controlled by the specified values on the screen. Press the magnifying glass icons to
zoom in/out or drag a finger across it to change the view.

If the specified target position of the robot TCP is close to a safety or trigger plane, or the orien-
tation of robot tool is near the tool orientation boundary limit (see 13.2.5), a 3D representation
of the proximate boundary limit is shown. Safety planes are visualized in yellow and black with
a small arrow representing the plane normal, which indicates the side of the plane on which the
robot TCP is allowed to be positioned. Trigger planes are displayed in blue and green and a small
arrow pointing to the side of the plane, where the Normal mode limits (see 13.2.2) are active.
The tool orientation boundary limit is visualized with a spherical cone together with a vector in-
dicating the current orientation of the robot tool. The inside of the cone represents the allowed
area for the tool orientation (vector). When the target robot TCP is no longer in proximity of the
limit, the 3D representation disappears. If the target TCP is in violation or very close to violating
a boundary limit, the visualization of the limit turns red.

Feature and Tool Position

The active TCP and coordinate values of the selected feature are displayed. The X, Y, Z coordi-
nates specify tool position. The RX, RY, RZ coordinates specify orientation. For further informa-
tion about configuring several named TCPs, (see 16.1.1).

Use the drop down menu above the RX, RY and RZ boxes to choose the orientation representa-
tion type:

+ Rotation Vector [rad] The orientation is given as a rotation vector. The length of the axis is
the angle to be rotated in radians, and the vector itself gives the axis about which to rotate.
This is the default setting.

* Rotation Vector [°] The orientation is given as a rotation vector, where the length of the
vector is the angle to be rotated in degrees.
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« RPY [rad] Roll, pitch and yaw (RPY) angles, where the angles are in radians. The RPY-
rotation matrix (X, Y’, Z" rotation) is given by:
Rypy(v, B, a) = Rz(a) - Ry (B) - Rx(7)

« RPY [°] Roll, pitch and yaw (RPY) angles, where angles are in degrees.
You can tap the values to edit the coordinates. You can also tap the + or - buttons to the right

of a box to add/subtract an amount to/from the current value. Or you can hold down a button to
directly increase/decrease the value.

Joint Positions
Individual joint positions are specified directly. Each joint position can have Joint Limit range

from —360° to +360°. You can configure Joint Positions as follows:
+ Tap the joint position to edit the values.

+ Tap the + or - buttons to the right of a box to add or subtract an amount to/from the current
value.

+ Hold down a button to directly increase/decrease the value.

OK Button

If you activate this screen from the Move screen (see 17), tap the OK button to return to the
Move screen. The Robot Arm moves to the specified target. If the last specified value was a tool
coordinate, the Robot Arm moves to the target position using movement type Movel,; or it uses
movement type MoveJ if a joint position was specified last (see 15.5.1).

Cancel Button
The Cancel button exits the screen discarding all changes.

17.4 Joint Position

The Joint Position field allows you to directly control individual joints. Each joint moves along
a default joint limit range from —360° to +360°, defined by a horizontal bar. Once the limit is
reached you cannot move a joint any further.

Note: You can configure joints with a position range different from the default (see 13.2.4),
this new range is indicated with red zone inside the horizontal bar.
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WARNING:
1. In the Setup tab, if the gravity setting (see 16.1.3) is wrong,

or the robot arm carries a heavy load, the robot arm can start
moving (falling) when you press the Freedrive tab. In that
case, release Freedrive again.

. Use the correct installation settings (e.g. Robot mounting an-

gle, payload mass and payload center of gravity offset). Save
and load the installation files along with the program.

. Payload settings and robot mounting settings must be set cor-

rectly before operating the Freedrive button. If these settings
are not correct, the robot arm will move when you activate
Freedrive.

. The Freedrive function must only be used in installations

where the risk assessment allows it. Tools and obstacles
must not have sharp edges or pinch points. Make sure that
all personnel remain outside the reach of the robot arm.
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18 1/0 Tab

18.1 Robot
= n g . New. Open. Save.
Configurable Input Configurable Output Digital Input Digital Output
Robot S-Guard Reset 4 oJde 0 4 o4
5-Guard Reset 5 10ds 1 5 Prog-Running | | (5
2 6 2 s Start-Prog 6 2J s
3 7 37 Stop-Prog 7 3J3dz
Analog Input Tool Digital Input Tool Digital Qutput
analog_in[0] a00v 0 1 o111
ov lov
Current
analog_in[1] 0.00v T
ov lov
Analog Output Tool Analog Input
] t[0 - analog_in[2] 0.00V Voltage
4.00 mA
analog_in[3] 000V \oltage
analog_out[1 -
ELL . [ 1ov

Normal Speed (—— 100% Simulation .

On this screen you can always monitor and set the live I/0 signals from/to the robot control box.
The screen displays the current state of the I/0, including during program execution. If anything
is changed during program execution, the program will stop. At program stop, all output signals
will retain their states. The screen is updated at only 10Hz, so a very fast signal might not display
properly.

Configurable 1/0’s can be reserved for special safety settings defined in the safety I/0 configu-
ration section of the installation (see 13.2.10); those which are reserved will have the name of
the safety function in place of the default or user defined name. Configurable outputs that are
reserved for safety settings are not togglable and will be displayed as LED’s only.

The electrical details of the signals are described in chapter 5.4.

Voltage In Tool Output, Voltage can be configured only when Tool Output is controlled by the
User. Selecting a URCap removes access to the Voltage.

Analog Domain Settings The analog I/0’s can be set to either current [4-20mA] or voltage [0-
10V] output. The settings will be remembered for eventual later restarts of the robot controller
when a program is saved. Selecting a URCap, in Tool Output, removes access to the Domain
Settings for the analog Tool Inputs.
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Tool Communication Interface When the Tool Communication Interface TCI is enabled, the
tool analog input becomes unavailable. On the 1/0 screen, the Tool Input field changes as illus-
trated below.

Tool Analog Input

Baud Rate 115200
Parity None
Stop Bits One

RX Idle Chars 1.50

TX Idle Chars 3.50
NOTE:

When the Powered Dual Pin is enabled, the tool digital outputs
must be named as follows:

+ tool_out[0] (Power)

- tool_out[1] (GND)

The Tool Output field is illustrated below.

Tool Digital Output

Power GND

Current

DOo0 mA

18.2 MODBUS

The screenshot below displays the MODBUS client I/0 signals as they are set up in the installa-
tion. Using the drop-down menus at the top of the screen, you can change the displayed content
based on signal type and MODBUS unit if more than one is configured. Each signal in the lists
contains its connections status, value, name, and signal address. The output signals can be
toggled if the connection status and the choice for I/0 tab control allows it (see 16.1.4).
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MODBUS Inputs Outputs
MODBUS unit: 10.0.0.2 MODBUS unit: 10.0.0.2
IS ] MODBUS_4 [260] & 0.0 MODBUS_3[18]
MODBUS unit: 127.0.0.1 MODBUS unit: 127.0.0.1
& 0.0 MoDBUS 110] %) MODBUS_2 [16)
%] MODBUS_5 [17]
%) MODBUS_6 [18]
%] MODBUS_7 [19]
%) MODBUS_8 [20]
%] MODBUS_9 [21]
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19 Log Tab

Readings Joint Load

Cortroller Temp 24.0 °C o Base oK s 0.0V -

Main Voltage 480V 1) Shovider oK —c 0.0V P ]
Avg.Robot Power ow 2 Elbow oK = 0.0V

current 00A 3 Wrist 1 oK —e 0.0V 2@l

10 Current 0A 2 Wrist 2 oK —_— 0.0V

Tool Current omA 5 Wrist 3 oK —rr 0.0V (R (A
Date Log

2019-08-26 00:53:07 View: |I| |§| 9

‘ 2019-08-26 00:53:01.787 PolyScope COAD ~

Select an event from the Date Log to see more
information.

Normal Speed (C—— Simulation .

19.1

Readings and Joint Load

The top half of the screen displays the health of the Robot Arm and Control Box.

The left side of the screen shows information related to the Control Box, while the right side of
the screen displays robot joint information. Each joint displays the temperature of the load of
the joint, and the voltage.

19.2

Date log

The first column categorizes the severity of the log entry. The second column shows the mes-
sages’ time of arrival. The next column shows the sender of the message. The last column
shows the message itself. Messages can be filtered by selecting the toggle buttons which cor-
respond to the severity. The figure above shows errors will be displayed while information and
warning messages will be filtered. Some log messages are designed to provide more informa-
tion that is displayed on the right side, after selecting the log entry.

19.3

Saving Error Reports

A detailed status report is available when a paper clip icon appears on the log line.

+ Select a log line and tap the Save Report button to save the report to a USB drive.

+ The report can be saved while a program is running.

Version 5.5 -117 e-Series

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



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

R
UNIVERSAL ROBOTS 19.3 Saving Error Reports

NOTE:
The oldest report is deleted when a new one is generated. Only the
five most recent reports are stored.

The following list of errors can be tracked and exported:

+ Fault

+ Internal PolyScope exceptions
* Protective Stop

+ Unhandled exception in URCap
* Violation

The exported report contains: a user program, a history log, an installation and a list of running
services.
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20 Program and Installation Manager

ABCDE ﬁ

default*

::; awv

The Program and Installation Manager refers to three icons that allow you to create, load and
configure Programs and Installations: New..., Open... and Save.... The File Path displays your
current loaded Program name and the type of Installation. File Path changes when you create or
load a new Program or Installation. You can have several installation files for a robot. Programs
created load and use the active installation automatically.

20.1

Open...

Allows you to load a Program and/or Installation.

N

Program Variables

Mave o Log

Status

Stopped

Robot Age

Days Hours Minutes Seconds

0 00 02 14

O Show Waypoints

O Normal Speed (— 1 00% Sir’rw.ﬂati-ar'n.

Opening a Program

1. In the Program and Installation Manager, tap Open... and select Program.
2. On the Load Program screen, select an existing program and tap Open.

3. In the File Path, verify that the desired program name is displayed.
Opening an Installation.

1. In the Program and Installation Manager, tap Open... and select Installation.

2. Onthe Load Robot Installation screen, select an existing installation and tap Open.
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UNIVERSAL ROBOTS 20.2 New...
3. In the Safety Configuration box, select Apply and restart to prompt robot reboot.
4. Select Set Installation to set installation for the current Program.
5. In the File Path, verify that the desired installation name is displayed.

20.2 New...

Allows you to create a new Program and/or Installation.

e 24 QK vl =

2, Installation

00
[alNe]

Program Variables

ABCDE

Status

Stopped

Robot Age

Days Hours Minutes Seconds

0 00 02 13

O Show Waypoints

O Normal Speed (e 100% Sw‘nu\ath:wn.

Creating a new Program

4.
5.

. In the Program and Installation Manager, tap New... and select Program.

On the Program screen, configure your new program as desired.

. In the Program and Installation Manager, tap Save... and select Save All or Save Program

As...
On the Save Program As screen, assign a file name and tap Save.

In the File Path, verify that the new program name is displayed.

Creating a new Installation
Note: You must save an installation for use after robot power down.

1.

N o gk~ w0 D

In the Program and Installation Manager, tap New... and select Installation.

Tap Confirm Safety Configuration.

On the Installation screen, configure your new installation as desired.

In the Program and Installation Manager, tap Save... and select Save Installation As...
On the Save Robot Installation screen, assign a file name and tap Save.

Select Set Installation to set installation for the current Program.

In File Path, verify that the new installation name is displayed.
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20.3 Save...
R 2%

ogram _Instalation  Move

o~

pen.

Program Variables [ save an

Save Program As...

2, Save Installation As...

sStatus

Stopped

Robot Age

Days Hours Minutes Seconds

0 00 02 14

O show Waypoints

Save... proposes three options. Depending on the program/installation you load-create, you
can:

Save All to save the current Program and Installation immediately, without the system prompting
to save to a different location or different name. Note: If no changes are made to the Program
or Installation, the Save All... button appears deactivated.

Save Program As... to change the new Program name and location. Note: the current Installa-
tion is also saved, with the existing name and location.

Save Installation As... to change the new Installation name and location. Note: the current
Program is saved, with the existing name and location.

20.4 File manager
s 2 ¢ QM

ABCDE.urp

StartABCDE.Urp

Filename: Filcer:

StartABCDE.urp Universal Robots Program files v |

O Normal t Simulation .
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This image shows the load screen which consists of the following buttons:

Breadcrumb Path The breadcrumb path shows a list of directories leading to the present lo-
cation. By selecting a directory name in the breadcrumb, the location changes to that directory
and displays it in the file selection area.

File Selection Area Tap the name of a file to open it. Directories are selected by pressing their
name for half a second.

File Filter You can specify the file types shown. After selecting Backup Files, this area displays
the 10 most recently saved program versions, where ".0ld0’ is the newest and ".0ld9’ is the oldest.

Filename The selected file is shown here. When saving a file, use the text field to manually
enter the file name.

Action buttons The action bar consists of a series of buttons that enable you to manage files.
The ‘Backup’ action to the right of the action bar supports backing up the currently selected files
and directories to the location and to a USB. The ‘Backup’ action is only enabled when an external
media is attached to the USB port.

e-Series 11-122 Version 5.5



21 Hamburger menu

21.1 Help

You can find definitions for all elements that make up PolyScope capabilities.

1. In the right corner of the Header, tap the Hamburger menu and select Help.
2. Tap one of the red question marks that appears, to define desired element.

3. Inthe top right corner of element definition screen, tap the red X to exit Help.

21.2 About

You can display Version and Legal data.

1. Tap the Hamburger menu and select About.
2. Tap either Version or Legal to display data.

3. Tap Close to return to your screen.

21.3 Settings

Personalizing PolyScope Settings

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

2. In the Side Menu on the left, select an item to personalize. Note: If an operational mode
password was set, in the Side Menu, System is only available to the programmer.

3. On the bottom right, tap Apply and Restart to implement your changes.

4. On the bottom left, tap Exit to close Settings screen without changes.

21.3.1 Preferences
Language

You can change PolyScope language and measurement unit (Metric or Imperial).

Time
You can access and/or adjust the current time and date displayed on the PolyScope.
1. In the Header, tap the Hamburger menu icon and select Settings.
2. Under Preferences, select Time.
3. Verify and/or adjust Time and/or Date as desired.

4. Tap Apply and Restart to apply your changes.

Date and Time are displayed in the Log tab (see 19.3) under Date Log.
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Hiding Speed Slider
Located at the base of the Run tab screen, the Speed Slider allows the operator to change the
speed of a running Program.

1. In the Header, tap the Hamburger menu icon and select Settings.
2. Under Preferences, tap Run Screen.

3. Select check box to show or hide Speed Slider.

21.3.2 Password

Mode

The operational mode password prevents unauthorized modification of robot setup, by creating
two different user roles on PolyScope: Automatic and Maual. When you set operational mode
password, programs or installations can only be created and loaded in manual mode. Any time
you enter manual mode, PolyScope prompts for the password that was previously set on this
screen.

Safety
The Safety password prevents unauthorized modification of the Safety settings.

21.4 System

21.4.1 Backup and Restore

Save a full copy of your system to a USB drive and use it to restore your system back to a previous
state. This may be necessary after disk corruption or accidental deletion.

NOTE:

Use one of the USB ports inside the Control Box (CB) when doing a
Backup and Restore operation. Using a CB USB port is more stable
and running a Backup requires less time.

Backing up the System
1. In the Header, tap the Hamburger menu icon and select Settings.

2. Under System, tap Backup Restore.
3. Select Location to store the back-up and press Backup.

4. Press OK for full system reboot.

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

2. Under System, tap Backup Restore.
3. Select your Backup file and press Restore.

4. Press OK to confirm.

21.4.2 Update

Install updates from a USB to ensure the robot software is up-to-date.
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Updating Software
1. In the Header, tap the Hamburger menu icon and select Settings.

2. Under System, tap Update.
3. Insert an USB and tap Search to list valid update files.

4. Inthe list of valid update files, select desired version and tap Update to install.

WARNING:
Always check your program/s after a software upgrade. The up-
grade might change the trajectories in your program.

21.4.3 Network

You can configure robot connection to a network by selecting one of three available network
methods:

« DHCP
+ Static Address

+ Disabled network (if you don't wish to connect your robot to a network)
Depending on the network method you select, configure your network settings:

+ IP Address

+ Subnet Mask

+ Default Gateway

+ Preferred DNS Server

+ Alternative DNS Server

Note: Press Apply to apply changes.

21.4.4 Managing URCaps

You can manage your existing URCaps or install a new one in your robot.

1. Inthe Header, press the Hamburger menu and select Settings.
2. Under System, select URCaps.

3. Press the + button, select the .urcap file and press Open Note: Check more details about
the new URCaps by selecting it in Active URCaps field. More information appears below in
URCaps Information field below.

4. If you wish to proceed with the installation of that URCap, press Restart. After that step,
the URCaps is installed and ready to be used.

5. Toremove an installed URCaps, select it from Active URCaps, press the - button and press
Restart so changes can take effect.
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21.4.5 Remote Control

A robot can either be in Local Control (controlled from the Teach Pendant) or Remote Control
(controlled externally).

2l
Local Control does not allow

Remote Control does not allow

Power on and brake release sent to
the robot over network

Moving the robot from Move Tab

Receiving and executing robot pro-
grams and installation sent to the
robot over network

Starting from Teach Pendant

Autostart of programs at boot, con-
trolled from digital inputs

Load programs and installations from
the Teach Pendant

Auto brake release at boot, con-
trolled from digital inputs

Freedrive

Start of programs, controlled from
digital inputs

Control of the robot via network or digital input is, by default, restricted. Enabling and selecting
the Remote Control feature removes this restriction. Enable Remote Control by switching to the
Local Control profile (PolyScope control) of the robot, allowing all control of running programs
and executing scripts to be performed remotely.

Note: Enable the Remote Control feature in Settings to access Remote mode and Local mode in
the profile.

Enabling Remote Control

1.
2.

3.

Under System, select Remote Control.

NOTE:

In the Header, press the Hamburger menu and select Settings.

Press Enable to make the Remote Control feature available. PolyScope remains active.
Note: Enabling Remote Control does not immediately start the feature. It allows you to
switch from Local Control to Remote Control.

In the profile menu, select Remote Control to alter PolyScope. Note: You can return to
Local Control by switching back in the profile menu, or selecting Operator or Programmer
if a password is specified.

+ Although Remote Control limits your actions in PolyScope,
you can still monitor robot state.

+ When a robot system is powered off in Remote Control, it

starts up in Remote Control.
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21.5 Shutdown Robot

The Shutdown Robot button allows the robot to be powered off or restarted.

Shutting Down the Robot
1. In the Header, tap the Hamburger menu and select Shutdown Robot.

2. When the Shutdown Robot dialog box appears, tap Power Off.
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Stop Category 0 Robot motion is stopped by immediate removal of power to the robot. It is an
uncontrolled stop, where the robot can deviate from the programmed path as each joint
brake as fast as possible. This protective stop is used if a safety-related limit is exceeded
or in case of a fault in the safety-related parts of the control system. For more information,
see IS0 13850 or IEC 60204-1.

Stop Category 1 Robot motion is stopped with power available to the robot to achieve the stop
and then removal of power when the stop is achieved. It is a controlled stop, where the
robot will continue along the programmed path. Power is removed as soon as the robot
stands still. For more information, see IS0 13850 or IEC 60204-1.

Stop Category 2 A controlled stop with power left available to the robot. The safety-related
control system monitors that the robot stays at the stop position. For more information,
see IEC 60204-1.

Category 3 The term Category should not be confused with the term Stop Category. Category
refers to the type of architecture used as basis for a certain Performance Level. A significant
property of a Category 3 architecture is that a single fault cannot lead to loss of the safety
function. For more information, see IS0 13849-1.

Performance Level A Performance Level (PL) is a discrete level used to specify the ability of
safety-related parts of control systems to perform a safety functions under foreseeable
conditions. PLd is the second highest reliability classification, meaning that the safety func-
tion is extremely reliable. For more information, see IS0 13849-1.

Diagnostic coverage (DC) is a measure of the effectiveness of the diagnostics implemented to
achieve the rated performance level. For more information, see IS0 13849-1.

MTTFd The Mean time to dangerous failure (MTTFd) is a value based on calculations and tests
used to achieve the rated performance level. For more information, see IS0 13849-1.

Integrator The integrator is the entity that designs the final robot installation. The integrator is
responsible for making the final risk assessment and must ensure that the final installation
complies with local laws and regulations.

Risk assessment A risk assessment is the overall process of identifying all risks and reducing
them to an appropriate level. Arisk assessment should be documented. Consult IS0 12100
for further information.

Collaborative robot application The term collaborative refers to collaboration between operator
and robot in a robot application. See precise definitions and descriptions in ISO 10218-1
and ISO 10218-2.

Safety configuration Safety-related functions and interfaces are configurable through safety
configuration parameters. These are defined through the software interface, see part II.
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Copyright © 2009-2019 by Universal Robots A/S. All rights reserved.

UNIVERSAL ROBOTS

Motion ... -77
Mounting bracket ............................. X
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ProgramaRobot ................ ... ... -5
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programnode ..o [I-37
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Robot Not Stopping ....................... 11-30
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