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1 ABOUT THIS DOCUMENT

1

11

1.2

About this document

Purpose of this document

Scope

These operating instructions contain the information required during the life cycle of the
safety system. This document describes:

e  Proper use of the safety system

e Improper use of the safety system

¢ The safeBot Speed UR safety system

e  Safety function description

e  Wiring diagram

e Guidelines for component mounting

e  Software configuration for the complete safety system including the necessary
settings for the UR robot

e Calculating the safe minimum distances

¢  Safety quantification with SISTEMA

e  Checklist for validation

e« Inspections

e Material list

Important information

NOTE

The operating instructions of the components also apply. In the event of contradictions
between the operating instructions, the information specified in the operating instruc-
tions for the safety system applies.

The relevant information must be made available to the employees for all work per-
formed on the safety system.

Product
This document applies to the following products: sBot Speed - UR

Document identification

Document part number:
e This document: 8023056
« Available language versions of this document: 8023054

You can find the current version of all documents at

Other documents relevant for the product

Table 1: Documents available from SICK

Document type Title Part number
Operating instructions S300 Mini Remote 8014166
Operating instructions Flexi Soft modular safety con- | 8012999
troller hardware
Operating instructions Flexi Soft in the Flexi Soft 8012998
Designer software
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Table 2: Additional important documents

Document type Title Link
User manual Universal Robots CB series
UR3
User manual Universal Robots CB series
UR5
User manual Universal Robots CB series
UR10
1.3 Target groups and structure of these operating instructions

These operating instructions are intended for the following target groups: project
developers (planners, developers, designers, integrators), installers, electricians, safety
experts (such as CE authorized representatives, compliance officers, people who test
and approve the application), operators, and maintenance personnel.

These operating instructions are organized by the life phases of the device: project
planning, mounting, electrical installation, commissioning, operation and maintenance.

This safety system can be integrated as presented or together with other components.

Integrators must have technical knowledge and skills in the area of industrial safety
and must be trained to use machines to ensure that the technical measures and safety
functions can be assessed and implemented correctly.

14 Symbols and document conventions
The following symbols and conventions are used in this document:

Safety notes and other notes

DANGER
Indicates a situation presenting imminent danger, which will lead to death or serious
injuries if not prevented.

WARNING

Indicates a situation presenting possible danger, which may lead to death or serious
injuries if not prevented.

CAUTION

Indicates a situation presenting possible danger, which may lead to moderate or minor
injuries if not prevented.

NOTICE

Indicates a situation presenting possible danger, which may lead to property damage if
not prevented.

@ NOTE
Indicates useful tips and recommendations.

Instructions to action

» The arrow denotes instructions to action.
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1.5

1.6

1. The sequence of instructions for action is numbered.
2. Follow the order in which the numbered instructions are given.
v The check mark denotes the result of an instruction.

Terminology used

The terminology used in these operating instructions partially differs from the terminol-

ogy used by Universal Robots.

Table 3: Varying terminology with the same meaning in these operating instructions and for

Universal Robots

Operating instructions available from SICK

Universal Robots

Emergency stop

Emergency switch-off

Protective stop

Safety stop

Three-position enabling device

Three-position safety device

Safety-rated monitored speed

Reduced mode

Safety-rated monitored speed active

Non-reduced mode

Pushbutton

Freedrive pushbutton

Operating mode selector switch

Operating mode

For more information regarding terminology used this these operating instructions, see

"Glossary", page 79.

Further information

The following information is available via the Internet:

= Flexi Soft Designer configuration software
= Guide for Safe Machinery (“Six steps to a safe machine”)
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2 Safety information

2.1 General safety note

The information and tools will not fulfill the safety requirements for your application
without further adjustments being made. The project planning provided by way of
example is intended to serve as the basis to allow you to perform your own project
planning and programming in line with your specific requirements. What this means is
that the information and tools merely provide an example to demonstrate how a safety
function can be taken care of.

When it comes to your own project planning and programming, you will need to rely
on qualified staff given that it is your responsibility to ensure that the following require-
ments are complied with at the very least:

»  Carrying out a risk assessment
» Taking into account applicable standards
» \Verifying and validating the safety functions.

2.2 Intended use

The sBot Speed - UR safety system uses presence monitoring to protect against
mechanical hazards that arise due to the robot arm movement.

The safety system is suitable for all applications that meet the following prerequisites:

e The robot is of type UR3, UR5 or UR10 and manufactured by Universal Robots.

« Human and robot work in the same working area but at different times (coopera-
tion, see "Human-robot interaction”, page 19).

¢ The robot works in a stationary position.

¢ The hazard arises due to the movement of the robot arm (mechanical danger).

« Stepping into the scan field of the safety laser scanner must be the only way to
enter or reach into the hazardous area.

¢ The protective field of the safety laser scanner must be able to cover the entire
hazardous area.

« Bypassing the protective field (e.g. by reaching around or stepping over it) is not
possible and this is ensured by additional measures as necessary.

e The application is located in the inner area.

e The area being monitored is free from stirred up particles or process residues in
the operating status.

2.3 Improper use

DANGER

Hazard due to lack of effectiveness of the protective device

Persons and parts of the body to be protected may not be recognized in case of
non-observance.

The safety laser scanner works as an indirect protective measure and cannot provide
protection from pieces thrown, escaped radiation, electric voltage or similar. Transpar-
ent objects are not detected.

» If necessary, take additional measures to secure dangers that do not arise due to
the robot arm movement.

This safety system is not suitable for certain robot system tasks. This also includes risks
arising after the robot arm has reached a standstill. In these cases, additional technical
measures must be taken to reduce risks not covered by this safety system.

8023056/10H2/2021-05-12 | SICK OPERATING INSTRUCTIONS | sBot Speed - UR 9
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2 SAFETY INFORMATION

For the following hazard types, the safety system alone is not enough to mitigate the
risk:

e« Electric hazards (risks such as electric shock, burn, fire)

e Thermal hazards (risks such as burning, drying up, scalding)

e Acoustic hazards (risks such as discomfort, permanent hearing loss)

e Vibration-related hazards (risks such as osteoarthritis, vascular disorder)

« Radiation-related hazards (risks such as damage to eyes and skin, burning)

« Material-related hazards (risks such as difficulty breathing, suffocation, explosion,
poisoning)

e A combination of the hazards mentioned and other hazards

24 Identifying hazards

The purpose of this safety system is to mitigate mechanical hazards in accordance
with ISO 10218-2 while the robot carries out its tasks. This document considers the
following risks:

Mechanical hazards

e  Crushing
e  Cutting
¢ Impact

Hazards generally resulting from the task of the robot, the robot arm or the end effector
of the robot must also be taken into account by the manufacturer or integrator. If
necessary, further measures must be taken to minimize the resulting risks.

NOTE

@ Risks must be reduced or eliminated by the design and communication and then
through protection and other supplementary technical measures. Remaining risks must
be reduced by other means such as warning signs, training sessions, procedures etc.

Other remaining risks, e.g., due to small parts being propelled, are not considered
and must be considered in detail in the risk assessment, see "Manufacturer of the
machine", page 26.

25 Requirements for the qualification of personnel

The protective device must be planned in, installed, connected, commissioned, and
serviced by qualified safety personnel only.

Project planning

For project planning, a person is considered competent when he/she has expertise and
experience in the selection and use of protective devices on machines and is familiar
with the relevant technical rules and national work safety regulations.

Mechanical mounting

For mechanical mounting, a person is considered competent when he/she has the
expertise and experience in the relevant field and is sufficiently familiar with the appli-
cation of the protective device on the machine that he/she can assess its operational
safety status.

Electrical installation

For electrical installation, a person is considered competent when he/she has the
expertise and experience in the relevant field and is sufficiently familiar with the appli-
cation of the protective device on the machine that he/she can assess its operational
safety status.

10 OPERATING INSTRUCTIONS | sBot Speed - UR 8023056/10H2/2021-05-12 | SICK
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Commissioning

For commissioning, a person is considered competent when he/she has the expertise
and experience in the relevant field and is sufficiently familiar with the application of
the protective device on the machine that he/she can assess its operational safety
status.

Operation and maintenance

For operation and maintenance, a person is considered competent when he/she has
the expertise and experience in the relevant field and is sufficiently familiar with the
application of the protective device on the machine and has been instructed by the
machine operator in its operation.

2.6 Safe state

In the safe state, the accordingly configured safe output signal switching devices are in
the OFF state. The robot is and remains switched off.

The safe state is initiated in the following cases:

e  Protective field infringed

« Emergency stop pushbutton actuated

¢ Connection between the safety laser scanner and safety controller interrupted
« Voltage supply of the safety laser scanner or the safety controller interrupted

e Internal error on the safety laser scanner detected

e Internal fault detected at the safety controller or one of its components

e  When changing the operating mode

8023056/10H2/2021-05-12 | SICK OPERATING INSTRUCTIONS | sBot Speed - UR 11
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3.1

3.2

3.3
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Product description

Product identification

The part number of the safety system is located on the packaging.

Further topics

e  "Ordering information", page 70

Structure of the safety system

The safety system of SICK consists of the following components:

¢ 1 x S300 Mini Remote safety laser scanner

¢ 1 x Flexi Soft safety controller consisting of:
o 1 x FX3-CPU1 or FX3-CPU3 Flexi Soft main module
o 1 x Flexi Soft system plug
o 3 x Flexi Soft expansion module FX3-XTIO

¢  Flexi Soft configuration file (example)

o  Wiring plan

e  SISTEMA project file

e  Operating instructions for download

Structure of the overall system

The overall system consists of a total of three components:

¢  SICK safety devices (components of the SICK safety system)
¢ UR robot control system
¢ Safety command devices

1. SICK safety devices

The safety controller sends safety signals to the robot control system and receives
safety signals from the safety laser scanner. The laser scanner monitors the hazardous
area of the human-robot interaction. Safety command devices deliver input signals to
the safety controller for secure robot handling.

The logic of the safety functions is implemented in the safety controller.

OPERATING INSTRUCTIONS | sBot Speed - UR 8023056/10H2/2021-05-12 | SICK
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SICK safety devices
Safety laser FlexiSoft
scanner safety controller

Safety-rated signal

Single channel signal

Figure 1: Location of the safety system within the overall system

2. UR robot control system

The safety controller sends safety signals to the UR robot control system. The UR robot
control system responds to these signals and returns its status to the safety controller,
which can then trigger the safety functions.

UR robot controller

Safety
Configuration

Digital inputs

Safety-rated signal

Single channel signal

Figure 2: Location of the UR robot control system within the overall system

3. Safety command devices

Safety command devices send input signals to the safety controller so that it can trigger
safety functions.

The safety controller monitors the signals of the following control switches:

¢ Reset pushbutton

«  Emergency stop pushbutton (2 pushbuttons necessary)
e  Operating mode selector switch

e Three-position enabling device

8023056/10H2/2021-05-12 | SICK
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Figure 3: Location of the safety command devices within the safety system
Overall system interaction
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Safety-rated signal

Single channel signal

Figure 4: Overview of the overall system

34 Operating principle

Scope

The sBot Speed - UR safety system is used in cooperative working environments
(see "Human-robot interaction", page 19) with certain robot types manufactured by
Universal Robots to mitigate the risk of injuries caused by the robot’s movement.
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Figure 5: Example application

The industrial robot system consists of the following components:

e URrobot

e« End effector(s)

¢ Machines, devices, equipment, external auxiliary axes or sensors which support
the robots in doing its task

The most important safety functions:

«  Emergency stop function on the robot. This supplementary protective measure is

active in the following cases:

o  Emergency stop is triggered by the control switch

o  The person does not comply with the intended sequence of field interruption
when moving away from the hazardous area

¢ Combination: initiate stop and prevent start. If the protective field is interrupted,
dangerous movements are stopped. The robot remains stopped as long as the
interruption lasts (standstill monitoring).

e Activation of safety-rated monitored speed. A safe, dual-channel output of the Flexi
Soft sends a signal to the robot controller to activate the safety-rated monitored
speed. The robot then checks whether the reduced speed can be safely upheld.

e Automated restart: this function may only be implemented if permitted by the risk
assessment for the specific application in the robot system. If the function has
been implemented, automated restart occurs once the sequence for leaving the
hazardous area has been carried out correctly.

Operating modes

There are 2 operating modes:

« Running mode: All safety functions are continuously active.
e Programming mode: Several safety functions such as the safety stop and the
safety-rated monitored speed are temporarily deactivated.

8023056/10H2/2021-05-12 | SICK OPERATING INSTRUCTIONS | sBot Speed - UR 15
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3 PRODUCT DESCRIPTION

Several safety functions such as the emergency stop are active in every operating
mode.

The operating mode is selected using the operating mode selector switch (see "Chang-
ing the user mode", page 22)

Function in running mode

During running mode of the robot, the safety laser scanner monitors two field sets. They
each consist of one warning field and one protective field (see "Field types", page 17).
The protective field is designed so that people are detected within a minimum distance
from the hazardous area.

If a person approaches the robot, the person first interrupts the warning field. The
safety system sends a safety signal to the robot to make the robot reduce its speed.

The robot control system continuously checks whether the robot is maintaining the
reduced speed and uses a safety signal to report this back to the safety controller.
Because slow movement causes the minimum distance from the hazardous area to get
smaller, the safety controller uses this signal to switch the field set of the safety laser
scanner. This way, the person can continue approaching the robot without triggering a
stop.

If the person comes closer to the hazardous area, the protective field is interrupted. The
robot movement is stopped.

Once the person leaves the protective field, the robot restarts automatically. The speed
of the robot initially remains reduced until the person has exited the warning field. Only
at that point will the robot continue its activity at a normal speed.

If a person has interrupted the protective field and the exit sequence was not followed
(the person did not exit in the expected way), then the safety system prevents restart
(see "Automated restart", page 19). Regardless of how the automated restart is
implemented, the following applies: After the protective field is evacuated, a reset
pushbutton must be pushed in this case.

Function in programming mode

In programming mode, it is possible to move the robot by hand and teach positions. It is
also possible to program the robot. If the robot requires a power supply, it is possible to
actuate the enabling device. The robot can be moved by hand if the button for Freedrive
is being pressed. In programming mode, the protective field and warning field of the
laser scanner are not active.

Operating
mode
9 | selector Running Robot arm performs pre-defined
e 5057 mode tasks included in the UR program.
©
S OR
= Press & hold
© zoes: Move tab enabled
3 Programming | enabling s
© device ress & Ho
o mode - pushbutton
-]
0 1 2 3 4 5 6

Figure 6: Interaction of the control switches in the respective operating mode

Description

1 Programming mode is selected using the operating mode selector switch.

16 OPERATING INSTRUCTIONS | sBot Speed - UR 8023056/10H2/2021-05-12 | SICK
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Description

Programming mode is activated.

Three-position enabling device is held in the center position.

The robot arm can be moved using the arrow keys in the UR Teach Pendant.

Press and hold the Freedrive button.

O|lO | W|N

Freedrive is activated. The robot arm can be moved by hand.

Further topics

"Safety Functions", page 19

3.5 Safety system statuses

Safety system statuses in running mode

The robot carries out tasks based on its programming. All safety functions are active.

Normal mode

The robot carries out its defined activity. The speed of the robot matches the
configured speed in the robot control system in the Normal Mode column of the
Safety configuration (see "Robot controller configuration", page 62). Field set 1 is
active.

Reduced mode

The robot carries out its defined activity at a reduced speed. Field set 2 (with
smaller protective field) is active.

Protective stop

The robot stops when the protective field is interrupted. A restart is prevented as
long as a person is within the protective field.

Emergency stop

The robot stops after an emergency stop pushbutton is pressed. Following an
emergency stop, the safety system must be reset manually.

Safety system statuses in programming mode

The robot can be moved and taught as long as the three-position enabling device is
kept in the center position.

Normal mode

The three-position enabling device is kept in the center position. The robot can be
moved and taught manually. The speed is initially reduced and can be increased
incrementally.

Protective stop

If the three-position enabling device is released or pushed in all the way, the robot
stops. This function is triggered by the robot controller.

Emergency stop

The robot stops after an emergency stop pushbutton is pressed.

Further topics

"Overview of software structure", page 43
"Interfaces and signals", page 34

3.6 Product characteristics

3.6.1 Field types

8023056/10H2/2021-05-12 | SICK
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During operation, the safety laser scanner uses its laser beams to continuously check
whether people are present in an area. The areas to be checked are called “fields”. The
following field types are differentiated:
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3.6.2

18

e Warning field
. Protective field

Warning field

The warning field monitors a larger area than the protective field. If the warning field is
interrupted, a safety function is triggered which reduces the robot speed.

When the speed has been safely reduced, the field set is switched, see "Switching field
sets", page 20.

Protective field

The protective field protects the hazardous area immediately surrounding the robot. If
the protective field is interrupted, the robot is stopped.

Field set
The safety system provides two field sets.
Each field set consists of 2 fields: a warning field and a protective field. The fields in
a field set are monitored simultaneously. The size of the two protective fields must be
adapted to the minimum distances. The warning field is identical in both field sets.
o Field set 1 = warning field 1 + protective field 1 (large)
o Field set 2 = warning field 2 + protective field 2 (small)
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Figure 7: Field set 1 Figure 8: Field set 2
@ Physical guard
@ Robot
©) Safety laser scanner
@ Protective field
® Warning field
® Machine
Field set 1 is active by default. If the warning field is interrupted, the robot reduces its
speed. When the reduced speed is safely reached, a smaller protective field is required
than is necessary when operating at full speed. The safety system switches to field set
2.
As long as the warning field is interrupted, the reduced speed level remains activated.
The robot stops when the protective field from field set 2 is interrupted. The robot will
only become active again at a reduced speed when the interruption in the protective
field has ended.
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When first the protective field and then the warning field are again clear, field set 2 will
be switched back to field set 1. The robot will resume work at maximum speed only
once the warning field and the protective field are clear.

3.6.3 Human-robot interaction

This safety system is suitable for cooperative human-robot interaction.

Table 4: Types of human-robot interaction

Application with sequential Application with simultaneous
processing processing

Shared workspace Cooperation Collaboration

Different workspace (Not interactive) Coexistence

Cooperative human-robot interaction is characterized by the fact that tasks are being
carried out in the same working area at different times.

3.6.4 Safety Functions
3.6.4.1 Automated restart
Overview

8023056/10H2/2021-05-12 | SICK
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If a person exits the protective field from field set 2 and enters the warning field, the

robot can restart at a reduced speed. During the exit sequence, a check is run to see
whether the warning field is interrupted for at least 500 ms once the protective field

from field set 2 is no longer being interrupted.

If this interruption of the warning field does not occur, there is no guarantee that the
person has left the hazardous area. In this case, an emergency stop is carried out.

Important information

NOTE
The automated restart is a combined function made up of 2 partial functions:

¢ Automated reset (logic within the Flexi Soft safety controller)
e Automated restart (logic within the robot controller)

Prerequisites

e The robot is in running mode.
e The robot has been stopped by a protective stop.
¢ The emergency stop pushbutton was not pressed.

Sequence

Automated reset takes place if the prerequisites have been met and a person follows
the intended sequence of field interruptions when leaving the hazardous area.

Automated restart must be configured in the robot controller. None of the inputs for the
robot controller may have the value Safeguard Reset assigned to it.

As soon as the automated restart is triggered, the robot continues operating at a
reduced speed. The limits of the reduced speed are defined in the robot controller in
the Safety Configuration area.

OPERATING INSTRUCTIONS | sBot Speed - UR 19
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3.6.4.2

3.6.4.3
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Table 5: Automated restart

Subsystem

[ESPE + Logic + Robot]

Trigger

Protective field is clear

Condition

Whenever the sequence check is valid (exception: after emergency

stop)

Response

Automated reset of the safety function and automated restart of

the robot

Safe state

Protective field is clear

Complementary information

If automated restart is not possible (e.g. as the result of the risk assessment), the
overall system can be adapted in such a way that the restart of the robot can be
triggered manually.

Further topics

e see "Robot controller configuration", page 62
e see "Automated restart not possible", page 27

Manual reset

In the following cases, the safety system must be manually reset with the reset push-

button.

o After switching on the safety system
¢ Emergency stop is triggered by the control switch.
e« The person does not comply with the intended sequence of field interruption when

moving away from the hazardous area.

Switching field sets

The switching of the field set depends on the Non-reduced mode output of the robot. If
Reduced mode is active, it is possible to switch to field set 2 and the smaller protective
field 2 is relevant. In Normal mode, field set 1 is selected and therefore the larger

protective field 1 is relevant.
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Since the robot features the safety-rated monitored speed with PL d function, the robot
controller must stop the robot independently and indicate an error.

If this safety function is activated by the Flexi Soft safety controller, then the robot is
either running below the configured speed limit or is in a safe state (standstill).

The field set is selected using a dual-channel complementary EFI signal.

Table 6: Switching field sets

Subsystem [ESPE + Logic + Robot]

Trigger Output for non-reduced mode switches the reduced mode to
active

Condition Running mode is active: Safety-rated monitored speed is active

and the warning field remains interrupted (+ delay of 500 ms)

Response Field set for the safety laser scanner changes from protective field
1 to protective field 2

Safe state Speed of the robot is reduced and protective field 2 is clear

3644 Triggering a stop
A safety-related stop function places the robot in a safe state on demand (e.g., infringe-
ment of a protective field).
If the protective field is infringed, a protective stop is carried out. As long as the
protective field remains infringed, an unintentional start-up of the robot is prevented.
Stop triggering: Activating the stop category 2 in the UR robot using the assigned
protective stop input in the robot controller.

Table 7: Stop when the protective field is triggered

Subsystem [ESPE + Robot + Logic + Robot]

Trigger Protective field is interrupted

Condition Running mode is active

Response The robot carries out a protective stop (stop category 2)
Safe state Standstill

3.64.5 Emergency stop

Emergency stop is a complementary protective measure; it is not a primary means of
reducing risk.

The safety function is available at all times and has priority before other functions.
Stopping in the event of an emergency must be designed as follows:

Table 8: Emergency stop

Subsystem [E-stop + Logic + Robot]

Trigger Emergency stop pushbutton is pressed

Condition Always

Response Robot carries out an emergency stop (stop category 1)
Safe state Standstill

Table 9: Expected frequency for requests of the safety function

1 time per day
Emergency stop pushbutton is pressed

365 times per year

52 times per year The emergency stop pushbutton is pressed once per week for
maintenance purposes or due to machine malfunctions
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3.6.4.6

3.6.4.7

3.6.4.8

22

Total

417 times per year

Requirement for the safety function

Preventing an unexpected start-up following an emergency stop

The emergency stop function of the robot controller is only re-established following a
valid reset of the emergency stop function and actuating a manual reset. In running
mode, the restart is only possible if the protective field and warning field are clear.

This safety function is active after switching on, emergency stop and changing the

operating mode.

Table 10: Preventing an unexpected start-up

Subsystem [RESET/START + Logic + Robot]
Trigger Valid restart sequence
Condition All affected safety devices are active
The protective field and warning field must be clear
Response Enabling the control system to receive a separate start command
Safe state Standstill

Changing the user mode

Table 11: Changing the user mode

Subsystem [Operating mode selector switch + Logic + Robot]
Trigger Actuating the operating mode selector switch
Condition -

Response Robot switches the user mode

Safe state Standstill

The operating mode selector switch has two statuses: Running mode and programming
mode. The operating modes are controlled by Flexi Soft in accordance with the following

table.

Table 12: Selecting the operating mode based on the input signals 11 and 12

11 (XTIO module 2)

12 (XTIO module 2)

Running mode

HIGH

LOW

Programming mode

LOW

HIGH

NOTICE

It must be clearly visible as to which operating mode is currently active on the robot,
e.g. using icons on the control panel and lights on the switch for switching the mode.

Table 13: Expected frequency for requests of the safety function

365 times per year

The operating mode selector switch is actuated

3 times per day

The operating mode selector switch is actuated once per shift

Total

1095

Changing the user mode

Actuating the enabling device

Table 14: Actuating the enabling device

Subsystem

[Enabling device + Logic + Robot]

Trigger

Actuating the enabling device and holding it in the center position

OPERATING INSTRUCTIONS | sBot Speed - UR
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Condition Operating for the programming mode is active
Response The robot is given a power supply and can be taught
Safe state Standstill

The robot is given a power supply and the enabling device is held
in the center position

If the enabling device is pressed and held in the center position, the robot can be
moved and positions can be taught. To ensure that the robot can be moved by hand,
the Freedrive pushbutton must also be pressed.

Table 15: The expected frequency of actuating the enabling device

365 times per year The enabling device is actuated
3 times per day The enabling device is actuated once per shift
Total
1095 Actuating the enabling device
3.7 Additional components required

The following additional components are essential for using the safety system in an
application:

e Emergency stop pushbutton

¢  Reset pushbutton

e Indicator lamp

e Robot of type UR3, UR5 or UR10 and manufactured by Universal Robots

« Additional physical guards or non-separating guards (e.g. Fence, )

e  Operating mode selector switch

¢ Three-position enabling device, optional with additional pushbutton for Freedrive

NOTE
All necessary components influence the parameters of the entire application that relate
to safety technology. The components must therefore have an MTTFy, value suitable for

the entire application and satisfy the necessary performance level.

The necessary performance level results from the risk assessment. For evaluating the
performance level achieved, subsystems for SISTEMA are available under:

For the components included with delivery see "Ordering information and scope of
delivery", page 70.

3.71 Emergency stop pushbutton requirements

8023056/10H2/2021-05-12 | SICK
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At least two devices for bringing to a standstill in an emergency must be installed, e.g.
emergency stop pushbutton:

¢ Inside the hazardous area - as close as possible to the robot
¢ Outside the hazardous area - as an added safety function

Depending on the manufacturer’s risk assessment, it may be necessary to install
additional emergency stop pushbuttons.

Each emergency stop pushbutton must feature two N/C contacts that can both be
opened by pressing (for example).

The emergency stop pushbuttons must be designed in accordance with the following
standards:
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e ISO 13850
¢ |EC 60204
3.7.2 Reset pushbutton requirements

The reset pushbutton must be installed outside of the hazardous area. From the
position of the pushbutton, there must be a complete view of the hazardous area.

An option also exists to integrate an indicator light into the reset pushbutton for the
reset requirement.

The reset pushbutton must be implemented as a single-channel N/O contact.
The reset pushbutton must be designed in accordance with the following standard:
¢ EN 60204

3.7.3 Indicator light requirements
Supply voltage: 24 V DC

Current consumption: max. 500 mA

3.74 Robot requirements
The robot must meet the following requirements:

¢  Robot of type UR3, UR5 or UR10 and manufactured by Universal Robots
¢  Robot controller of type CB3.0 or CB3.1
e The robot controller has the firmware version 3.5.1

3.7.5 Operating mode selector switch requirements

Each switch position must be lockable (e.g. using a keyswitch). It must be possible to
read the switch position on the operating mode selector switch directly.

The operating mode selector switch must be implemented as a dual-channel comple-
mentary N/O / N/C contact.

The operating mode selector switch must be positioned and designed in accordance
with the following standards:

« ENISO 10218-1
« ENISO 10218-2

3.7.6 Three-position enabling device requirements

The three-position enabling device must be positioned and designed in accordance
with the following standard:

« ENISO 10218-1

Continuously holding the three-position enabling device in the center position allows
the robot to be moved.

The enabling device must have two equivalent N/O contacts.

An option also exists to integrate an additional pushbutton for the Freedrive func-
tion (teaching in the robot through manual positioning) into the three-position enabling
device.

3.7.7 Physical guard

Pursuant to the manufacturer’s risk assessment, it may be necessary to install fixed
physical guards such as fencing around the robot’s hazardous area.
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In addition to the applicable C standards for the application, the following standards
provide additional information on designing physical guards:

« ENISO 14120
« ENISO 13857

NOTICE
The possibility of entering the hazardous area by climbing over it, standing behind it or
reaching through it must be prevented.
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4 Project planning
4.1 Manufacturer of the machine
DANGER

Hazard due to lack of effectiveness of the protective device

In the case of non-compliance, it is possible that the dangerous state of the machine
may not be stopped or not stopped in a timely manner.

»  Use of the safety system requires a risk assessment. Check whether additional
protective measures are required.

»  Comply with the applicable national laws, regulations and standards derived from
the application (e.g., work safety regulations, safety rules, or other relevant safety
guidelines).

The safety system was developed under consideration of typical application cases. A
partial safety function can be implemented with the safety system in these application
cases. The manufacturer must check whether the safety system is suitable for its
specific application case (risk assessment).

If the thorough check shows that the safety system is not suitable for the specific
application case, the safety system can be used as a basis for an individualized devel-
opment suitable for the specific application case. This case will not be considered
further in this document.

In any event, additional work is necessary for the safety system to be used, e.g.
subsequent configuration of the safety controller.

The manufacturer has the following duties:

»  Executing a risk assessment.

»  Verifying and validating the safety functions.

» Integrating the individual components in accordance with the appropriate stand-
ards.

» Compliance with the applicable laws, regulations and standards is required.

4.2 Operating entity of the overall system

Changes to the electrical integration of the safety system in the machine control and
changes to the mechanical mounting of the safety system necessitate a new risk
assessment. The results of this risk assessment may require the entity operating the
machine to meet the obligations of a manufacturer.

Changes to the safety system’s configuration may impair the protective function. The
effectiveness of the safety system must be checked after any change to the configu-
ration. The person carrying out the change is also responsible for maintaining the
protective function of the safety system.

4.3 Performance level

The calculation of the performance level can be carried out using the SISTEMA file.
SICK provides you with a ZIP archive. The manufacturer of the machine must decide
which measures should be taken against failures with the same cause.

These measures must be selected in the SISTEMA file for each user-defined sub-sys-
tem. In addition, the correct values must be selected for those components that are not
part of the scope of delivery, see "General requirements", page 38.
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4.4 Adapting the safety system

This chapter contains several approaches for adapting the safety system as needed.
With the exception of the following subchapters, this document does not consider
adjustments to the safety system any further.

44.1 Automated restart not possible

Important information

DANGER

Failure to observe manufacturer obligations

The adaptation described in this chapter is not tested, not validated and not verified. It
is not a part of this safety system!

The implementation of the adaptation described in this chapter makes you the manu-
facturer of a safety system.

» The adaptation of the safety system described here shall be carried out within the
user’s independent responsibility and liability only!

»  Fulfill all manufacturer responsibilities for developing and implementing a safety
system.

Manual restart

If the robot cannot be restarted automatically, then a manual restart can be set up. In
this case, it may be necessary to carry out a manual reset of the safety logic.

More information can be found in the operating instructions for the UR robot.

4.4.2 Safety laser scanner does not cover the required area

Important information

DANGER

Failure to observe manufacturer obligations

The adaptation described in this chapter is not tested, not validated and not verified. It
is not a part of this safety system!

The implementation of the adaptation described in this chapter makes you the manu-
facturer of a safety system.

» The adaptation of the safety system described here shall be carried out within the
user’s independent responsibility and liability only!

»  Fulfill all manufacturer responsibilities for developing and implementing a safety
system.

Additional safety laser scanners

In many application cases, the area being safeguarded cannot be safeguarded with a
single safety laser scanner. In this case, the safety system can be expanded by adding
up to 3 safety laser scanners to achieve an appropriate risk reduction.
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4.4.3 The robot is on a moving platform

Important information

DANGER

Failure to observe manufacturer obligations

The adaptation described in this chapter is not tested, not validated and not verified. It
is not a part of this safety system!

The implementation of the adaptation described in this chapter makes you the manu-
facturer of a safety system.

» The adaptation of the safety system described here shall be carried out within the
user’s independent responsibility and liability only!

»  Fulfill all manufacturer responsibilities for developing and implementing a safety
system.

Safe position detection

The safety system has been developed for applications with stationary robot systems.

If a robot is located on a moving platform (e.g. in order to move the robot to different
work stations), then an additional device must be added to the safety system for secure
position detection.

4.5 Design

This chapter contains information about implementing the design of the functional
safety system. Any design-related contents of the relevant operating instructions also
apply. The following information is provided in the operating instructions for safety laser
scanners in particular:

e Height of the scan plane

e«  Protective field length

e«  Protective field width

e  Stopping distance

e  Monitoring case switching time

451 Safety laser scanner
Planning the safety laser scanner
The safety laser scanner must be planned so that the following requirement is met:

e Scan plane parallel to the floor (horizontal alignment).

Recommendation: Height of the scan plane

The height of the scan plane should be 300 mm. Deviations lead to the following
limitations:

e Scan plane > 300 mm: Additional measures must be taken to prevent anyone
from crawling beneath it.

e Scan plane < 300 mm: An increased resolution must be used. This reduces the
maximum field radius. In addition, the minimum distance must be increased,
since persons may move further into the area before they interrupt the protective
field.

Further topics

¢  "Configuring the S300 Mini Remote", page 58
¢ see "Protective field", page 29
¢ see "Calculating minimum distance", page 29
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4511 Protective field
Protective field size

The protective field must be designed so that it detects a person at a minimum
distance from the hazardous area. This distance is required to prevent a person or part

of their body from reaching the hazardous area before the end of the robot’s hazardous
movement.

The minimum distance from the hazardous area determines the required protective

field size. In addition, the protective field must also cover the entire hazardous area in
which a person may be present.

Each field set must have its own protective field that is calculated and configured.

Further topics

e '"Safety laser scanner", page 28
e "Calculating minimum distance", page 29

e "Configuring the S300 Mini Remote", page 58
. "Field set", page 18

4.5.2 Calculating minimum distance

The minimum distance to the hazardous area must be calculated according to ISO
13855 (protective field parallel to direction of approach). The manufacturer of the
machine must calculate the minimum distance for the entire machine.

The minimum distance to the hazardous area (S;4,) depends on the following factors:

e Approach speed of the body or parts of the body (K)
e  Stopping time of the entire machine (T)
o Response time of the safety system (tg)
o Robot stopping time (tgropot)
e  Supplements
o  Supplement to prevent reaching over (Crg)
o  Supplement for the maximum sensing range of the robot arm (Cropot)
o  Supplement for the distance between the mounting plate of the robot and

the end point of the end effector (tool) including the work piece (Cqyq))
The response time of the safety system (tg) is composed of the following times:

« Response time of the safety laser scanner (ts)
e Response time of the safety controller (trexisoft)

The robot stopping down time (tgypet) iS composed of the following times:

« Robot controller response time
e  Stopping/run-down time of robot arm including tool and work piece

The actual stopping/run-down time of the robot must be checked with a measurement.
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30

Crobot

Figure 9: Calculating minimum distance

@ Warning field

@ Protective field

® Safety laser scanner
@ Robot

The safe minimum distance is determined using the following formula:
Stotal = K X T+ Cro + Cropot * Croo1 + Crz

Stotal = K X (tg * trobot) + Cro + Crobot + Croor + Crz

Stotal = K X (ts * triexisort T trobot) * Cro * Crobot * Crool * Crz

Table 16: Variables in the calculation

Formula symbols Relevance

Siotal Minimum distance to hazardous area

K Approach speed of the body or parts of the body (1,600 mm/s
according to ISO 13855)

T Stopping time of the entire machine

tr Response time of safety system

tRobot Robot stopping/run-down time

Cro Supplement to prevent reaching over (1,200 mm - (0.4 x H))

CRobot Maximum sensing range of the robot

Crool Distance between the mounting plate of the robot and the end
point of the end effector (tool) including the work piece

Crz Tolerance zone of the safety laser scanner
s$300 Mini Remote: 100 mm

ts Response time of the safety laser scanner

triexisoft Safety controller response time

H Height of the scan field of the safety laser scanner

NOTE

@ If the robot’s range of motion is safely restricted, the minimum distances may decrease
(e.g. if the robot is equipped with a safety function that safely limits the robot move-
ment).
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Further topics

e "Response times", page 69

453 Emergency stop pushbutton
At least two emergency stop pushbuttons must be installed.

One emergency stop pushbutton must be installed inside the protective field near the
robot, and the second outside the hazardous area. Depending on the manufacturer’'s
risk assessment, it may be necessary to install additional emergency stop pushbuttons.

For more information see "Emergency stop pushbutton requirements", page 23.

454 Reset pushbutton

The reset pushbutton must be located outside the hazardous area and outside the
warning field of the safety laser scanner.

For more information see "Reset pushbutton requirements", page 24.

4.6 Integrating the equipment into the electrical control

NOTE

Several safety functions are generally necessary in order to ensure a safe design for the
entire application. This requires additional components that are not part of the safety
system, such as switches, fuses, and contactors. The circuit diagrams contain informa-
tion on wiring the safety system with additional components within an application.
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4.6.1 Circuit diagram
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For a better overview, the connections for the power supply of the safety laser scanner
and Flexi Soft modules are not displayed. A detailed overview can be found in the
ePLAN PDF. Only the GND connection is shown in order to represent the fact that the
reference potential of both systems must be combined. DI3* is a digital standard input

configured as a Freedrive button.

This input is required depending on the implementation of the enabling switch in order
to enable simultaneous actuation of the enabling switch and the Freedrive button.
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4.6.2 Connection of safety controller and robot controller

Important information

DANGER
Cross-circuit at the interface between the safety controller and the robot controller
The safety system no longer meets the specified safety-related parameters.

»  Follow the instructions in this chapter.

Approach

The safety capable inputs for the robot controller are dual-channel equivalent inputs
without a test pulse. Thus, a cross-circuit cannot be detected between the 2 channels.

»  Separate the safety signal channels into 2 different cables so that the 2 channels
of one signal are not running through one cable.
Example:
o Cable W1: All connections for the safety controller with an odd number
o Cable W2: All connections for the safety controller with an even number

XTIO XTIO XTIO
01 02 03
Q1 Q2 Q3 Q4 I5 I6 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
o o o o ] o {i) {i)
-W1 1 2 3 4 5 6
'W2 1 2 3 4 5 [
'W2 1 2 3 4 5 [
-W1 1 P 3 4 5 6

o o
EI0 E 510 50 CO0 CO1 CI0 C C2 CI3 CHM CIh

Universal Robots CB3

Figure 10: Connection of safety controller and robot controller

v Fault exclusion in acc. with 1ISO 13849-2 is possible.
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4.6.3 Interfaces and signals
Emergency Reset Safety
stop device(s) pushbutton Laser scanner

Flexi Soft safety controller UR Robot controller

Emergency stop Emergency stop

Protective stop Safeguard stop

Safety-rated monitored speed (request) Reduced Mode

Safety-rated monitored speed request to robot Movements restricted to Reduce Mode values
Safety-rated monitored speed (feedback) Not Reduced Mode
Safety-rated monitored speed in robot is achieved Reduce Mode achieved

. . @
Operation Mode Running mode ! Programming mode =
Temporary suspension of safety functions under Programming Mode u__')
3-position switch £
3'p05iti0n enab”ng deVice For teaching the robot throught pendant commands 8
Freedrive
Enables Freedrive Mode or ,Handguiding”
Operating . .
. Enabling devices
mode selector switch g
3-position enabling device UR Teach
v pendant
EFI communication Pushbutton
Safety-rated signal
Single channel signal
Figure 11: Signals in the overall system
Detailed information on signals between the safety controller and robot controller
Table 17: Signals between the safety controller and robot controller
Flexi Soft Name Correspondence for Universal | Description
Robot
Output Emergency stop Emergency switch-off Activates the emergency stop function and

triggers the robot arm stop. To ensure that
the movement can be continued, a manual
reset must be carried out.

Corresponds to stop category 1

Requires manual a reset afterward.

Output Protective stop Safety stop Triggers the robot arm stop and provides
the option for an automated restart.
Corresponds to stop category 2

Output Safety-rated monitored speed | Reduced mode Activates limit stops for the robot such
active (request) as the reduced speed of the robot arm
(safety-rated monitored speed).
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PROJECT PLANNING 4

Flexi Soft Name Correspondence for Universal | Description
Robot
Output Operating mode Operating mode Used for selecting one of the two possible
operating modes of the UR robot.
HIGH signal level: Programming mode
LOW signal level: Running mode
Output Three-position enabling Three-position safety device Enables robot teaching in programming
device mode.
Input Safety-rated monitored speed | No reduced mode Reports whether the robot is operating
active (response) within the movement limitations.

Signal states for the outputs of the safety system depending on the status

Table 18: Signals depending on the status

Status of the safety system Signal state for the outputs of the safety system
Emergency stop | Protective stop | Safety-rated Operating Three-position
v2 D) monitored mode enabling device
speed active
(request) ¥ ¥
Operating Normal mode HIGH HIGH HIGH LOW -
e S Reduced mode | HIGH HIGH LOW LOW -
Running mode
Protective stop |HIGH LOW LOW LOW -
Emergency stop | LOW - - - -
Operating Normal mode HIGH HIGH HIGH HIGH HIGH
mode:  Ipyotective stop | HIGH HIGH HIGH HIGH LOW
Programming
mode Emergency stop | LOW - - - -

W N B

)
)
)
)

IS

The outputs for emergency stop, safety-rated monitored speed and protective stop are in negative logic.
If the emergency stop output is LOW, the robot stops.
If the protective stop output is LOW, the robot stops.

When the safety-rated monitored speed output is LOW, the robot checks to see if the reduced speed (reduced mode) has been safely

reached. When the reduced mode is active, the robot controller confirms this with a change of the "Non-reduced mode" signal from LOW to
HIGH. (see figure 12, page 35.

Reduced mode

(Input signal on CB3)

No reduced mode
(Output signal on CB3)

Reduced : Reduced mode
mode : activ
inactive 1
[
CIO |
]
Cl1
|
Coo
co1

Figure 12: The signal states change when switching to reduced mode.

Complementary information

All safety functions triggered by the signals satisfy the criteria of Performance Level d

(EN 1SO 13849-1).
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4 PROJECT PLANNING

4.7

36

Further topics

e see "Circuit diagram", page 32

Testing plan

The safety system must be thoroughly checked by appropriately qualified safety person-
nel during commissioning, after changes at regular intervals.

The regular thorough checks serve to ensure the effectiveness of the safety system
and to identify defects as a result of changes or other influences (e.g., damage or
manipulation).

The manufacturer and user must define the type and frequency of the thorough checks
on the basis of the application conditions and the risk assessment. Determination of
the thorough checks must be documented in a traceable manner.

e Athorough check must be carried out during commissioning and following modifi-
cations.

e The regular thorough checks of the safety system must fulfill certain minimum
requirements. The minimum requirements for the thorough check of the safety
system comply at least with the sum of the minimum requirements for the thor-
ough check of the components of the safety system (see operating instructions of
the components).

« In many cases, depending on the application conditions, the risk assessment can
determine that further thorough checks are required.

Further chapters

e« Thorough check, see "Commissioning", page 64
e  Checklist for initial commissioning and commissioning, see "Annex", page 73
e Regular thorough check, see "Maintenance of the components", page 66
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FOR MOUNTING THE COMPONENTS 5

5 For mounting the components

NOTE
Information is included in the operating instructions for the components.
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6 ELECTRICAL INSTALLATION OF THE COMPONENTS

6 Electrical installation of the components

NOTE
Information is included in the operating instructions for the components.

6.1 General requirements

38

The manufacturer must take measures against failures resulting from the same cause.
These are to be documented in SISTEMA accordingly. During the electrical installation,
the following, for example, must be taken into consideration:

¢ Separation of the signal pathways for the safety system signals, e.g., by separated
cable laying

e Protection against overvoltage, overcurrent, etc. per the manufacturer instructions
for the individual components

¢ Mechanical fastening of the wiring of the pushbutton for the hold to run device,
e.g., with cable ties

¢ Measures for controlling the consequences of voltage failure, voltage fluctuations,
overcurrent and undercurrent in the voltage supply of the robot controller
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ELECTRICAL INSTALLATION OF THE COMPONENTS 6

6.2 Safety controller pin assighment
i [ 3 &3
Step ' 4 .m0 Step W 3 Step W 3 Step W 3

‘E :f ‘E :E ‘ i

Al A2 [X1 X2 A1 AD| | [X1 X2 A1 ADZ| | (X1 X2 A1 A2

I E RN | BEREN(EEOEAN
112 13 14 | 1112 13 14 [ 1112 13 i

S|'cl( MS M3 SICK M3 SICK MS SICK
B B |

|
cv
B
FLEXI soft FLEXI soft FLEXI soft FLEXI soft
CPU1 XTIO XTIO XTIO
EFI1
B I 0N I I |
16 17 18 18 17 18 | 15 16 I7 I8
EFI2

1-eA-2 [ BN NN HE DN N HE 0NN
A BIlA Bl|lo1 020304 |01 02 03 04 | IQ1 02 03 04

1 - EFI -
01 Q2 Q3 0O4d 01 Q2 Q3 o4 01 Q2 Q3 0O4d

A A
i = = 282 B33 FA00

. . Test pulzes for the Test pulzes for the Test pulzes for the
following output pinz following output pinz following output ping
have been switched have been awitched have been awitched
offt Q102, Q304 off: Q102, 0304, off: 102,

Table 19: Modules of the safety controller

Module 1 Main module FX3-CPUx
Module 2 I/0 module FX3-XTIO
Module 3 I/0 module FX3-XTIO
Module 4 I/0 module FX3-XTIO
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ELECTRICAL INSTALLATION OF THE COMPONENTS

40

Module 1 connections

Table 20: Module 1 connections

Connection Function

EFI 1 (A) S300 Mini Remote

EFI 1 (B) S300 Mini Remote

EFI 2 (A) Clear

EFI 2 (B) Clear
Module 2 connections
Table 21: Module 2 inputs

Connection Function

11 Emergency stop (within the hazardous area)

12 Emergency stop (within the hazardous area)

13 Emergency stop (outside the hazardous area)

14 Emergency stop (outside the hazardous area)

15 Robot controller (CO0): Non-reduced mode

16 Robot controller (CO1): Non-reduced mode

18 Reset pushbutton
Table 22: Module 2 outputs

Connection Function

Q1 Robot controller (EIO): Emergency stop

Q2 Robot controller (EI1): Emergency stop

Q3 Robot controller (SI0): Protective stop

Q4 Robot controller (SI1): Protective stop

X1 Emergency stop test pulses

X2 Test pulses for emergency stop and reset pushbutton
Module 3 connections

Table 23: Module 3 inputs

Connection Function

11 Operating mode selector switch

12 Operating mode selector switch

13 Three-position enabling device

14 Three-position enabling device

Table 24: Module 3 outputs

Connection Function

Q1 Robot controller (CIO): Reduced mode

Q2 Robot controller (Cl1): Reduced mode

Q3 Robot controller (CI2): Three-position safety device
Q4 Robot controller (CI3): Three-position safety device
X1 Three-position enabling device test pulses

X2 Three-position enabling device test pulses
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ELECTRICAL INSTALLATION OF THE COMPONENTS

6

Module 4 connections

Table 25: Module 4 outputs

Connection Function
Q1 Robot controller (Cl4): Operating mode
Q2 Robot controller (CI5): Operating mode
Q3 Lamp for reset
Q4 Lamp for sequence error
X1 Clear
X2 Clear
6.3 Further connections of the individual components
NOTE

Information is included in the operating instructions for the components.
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7 CONFIGURATION

7 Configuration
7.1 Overview of configuration
Overview

The safety system is added to a project in Flexi Soft Designer. Most of the configuration
is already implemented in the project. You have to complete, verify and validate the
configuration in accordance with the requirements of your application.

Table 26: Required configuration software

Component

Configuration software

Flexi Soft safety controller

Flexi Soft Designer

S300 Mini Remote safety laser scanner

Flexi Soft Designer

Important information

NOTE
@ This document only contains information for configuring the safety system. You will find
detailed information for use of the configuration software in the associated operating

instructions.

e “Flexi Soft in the Flexi Soft Designer” (8012998)

Approach

1. Download and open configuration file.

2. Set application-specific parameters.

3. Complete configuration.

4. Transfer configuration to the safety controller.
5. Verify and validate the configuration.

Further topics

¢ "Main module configuration", page 45

¢ "Configuring the safety laser scanner", page 58

7.2 Requirements on software and firmware

Configuration of the safety system requires at least the following versions of the soft-

ware or firmware:

Table 27: SICK component versions

Software/Firmware

Tested version

Flexi Soft Designer 19.4
Firmware FX3-CPUx 4.0
Firmware FX3-XTIO 3.0
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CONFIGURATION 7

7.3 Overview of software structure

4 ) )
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Figure 13: Overview of software structure
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7 CONFIGURATION

The blue-colored commands in the overview of the software structure represent the

names of the operators in the Flexi Soft program that affect the transition of the
statuses. The status of the operators is displayed as follows:

. 1 = Status is HIGH
e (O =Statusis LOW

731 Sequences

Sequence, when a person is directly next to the robot

Start:
Person moves
next to the robot

T
Warning field interrupted

Robot moves slowly

T
Reduced mode limits active

v

Switch field sets
Protective field 2 active

I
Protective field 2 interrupted

Protective stop

T
Protective field 2 clear +
warning field interrupted

Restart
(reduced mode active)

[
Warning field clear

Switch field sets
Protective field 1 active

T
Warning field clear +
protective field 1 clear

v

Robot moves fast

END
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7.4

74.1
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Sequence, when a person passes by the robot

Start:
Person goes
past robot

T
Warning fielcé interrupted

Robot moves slowly

I
Reduced mode limits active

v

Protective field 2 active

Switch field sets

I
Warning field clear

Protective field 1 active

Switch field sets

T
Warning field clear +
protective field 1 clear

Robot moves fast

END

Figure 14: Sequence, when a person passes by the robot

Main module configuration

Adding a safety system in Flexi Soft Designer

Overview

When adding a safety system, the hardware configuration and logic configuration for
the current project are imported into Flexi Soft Designer.

Approach

Selecting the safety system

SorwNE

Open Flexi Soft Designer.

Project > New > Standalone station project

Drag the desired main module out of the Modules window into the Configuration area.
Click on the Safety Systems selection window in the bottom left.

In the Available Safety System list, select the desired safety system.

A description of the selected safety system is displayed.

Checking the version of the safety system

(1) NOTE | Which versions of the safety system are pre-installed depends on the
version of the configuration software. Because the license applies only to the
current version of the safety system, verification problems may arise if you do not
use the current version of the safety system.

To check the safety system version: Continue at step 7..

If the version has been confirmed as current: Continue at step 15..

Click on the Description tab and check the version number of the safety system in
the Version field.
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7411

7412

46

8. Click on Find the latest safety systems.

v

v The SICK website is opened.

9. On the Downloads > Other downloads tab, search for the desired safety system and
check the version of the safety system available on-line.

10. If the version in the configuration matches the version on the website, continue at
step 15..

Importing the current version from the website

11. On the SICK website, click on Download for the desired safety system and save the
SSA file locally.

v The SSA file of the safety system is downloaded.

12. In the configuration software, click on the Import Safety System and add to list button.

®

13. Select the downloaded SSA file and click OK to confirm.
14. In the Available Safety System list, select the new version of the safety system.

Adding the safety system

15. Click on Add Safety System in the bottom left.
v The safety system is added.

Further topics

e "Activating the license for the safety system", page 57

Adding the safety laser scanner to the hardware configuration

Checksums

Approach

1. Open the Elements selection window.

2. Under EFl elements, expand the Electro-sensitive protective device area.

3. Using drag and drop, drag the S300 Mini safety laser scanner to the EFlI 1 connec-
tions of the main module.

Prerequisites

e The safety laser scanner has been added to the hardware configuration of the
safety controller.

Important information

NOTE

The specified checksums apply only to the delivery state after adding the safety laser
scanner. Any customization of the logic configuration, e.g., external signals for the
safety functions, will result in a change in the checksum.

Checksums for Flexi Soft

Checksums

¢ CPU1 main module, 0x610CD769
¢ CPU2 main module, 0x610CD769
e CPU3 main module, Ox8039CCE9
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CONFIGURATION 7

Checksums for s300 Mini Remote

Checksums
¢ s300 Mini Remote safety laser scanner: 0Ox4CBE

7.4.1.3 Creating or deleting links

Overview
The logics in the configuration software mainly consist of the following elements:

¢  Safety controller inputs

¢  Safety controller outputs

¢  Function blocks with inputs and outputs
e Jump addresses

Links connect these elements. Links are represented as lines. Every element contains
blue anchor points which represent the inputs and outputs of the elements. A link can
only be created between the anchor point on the right side of an element and the
anchor point on the left side of another element.

Creating link

1. Click and hold the blue anchor point on the right side of an element.

2. Move and release the mouse cursor on the blue anchor point on the left side of an
element.

v Alink is created between 2 elements.

Deleting link

1. Click on the link between 2 elements.
2. Press the Del pushbutton.
v Thelink is deleted.

7414 Jump addresses

Jump addresses consist of a source jump address and a destination jump address. The
destination jump address assumes the same value (HIGH or LOW) as the associated
source jump address without a delay.

Among other things, jump addresses are used to connect the various pages of logic
with each other.

74141 Finding source and destination jump addresses that belong together
Approach
1. Right-click on the source or destination jump address.
2. Click Used on page.
v Alist of all pages containing elements of the jump address is displayed.
3. Click on the desired page.
v The desired page is displayed. All elements of the jump address are highlighted in
color.
74142 Adding a new source jump address

8023056/10H2/2021-05-12 | SICK
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1. Drag the Add source jump address symbol from the toolbar on the left of the logic
creation page into the working range.

2. Enter a unique name in the Create jump mark dialog box.

3. Click on OK.
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7.4.143 Adding a new destination jump address

1. Drag the Add destination jump address symbol from the toolbar on the left of the logic
creation page into the working range.

2. Select the desired jump mark in the Select jump mark dialog box.

3. Click on OK.

7.4.2 Verification of the logics

There is no link between the logics and the outputs of the safety controller in the deliv-
ered state. That means the logics cannot yet be transmitted into the safety controller.

»  Check whether the logic in the safety requirements of the application is sufficient
before outputs of the function blocks are linked to outputs of the safety controller.

The manufacturer of the machine is responsible for the output connections and for the
logic verification.

7.4.3 Linking outputs and logic

When the logic has been verified, then this logic can be linked with the respective
outputs of the safety controller.

Emergency stop

EmergencyStop

Emergency stop function is active in Running Mode and Programming Mods .

Manual Reset!
To reestablizh the Emergency stop function after being activated, & manual Reset command is required

An Emergency stop function can be activated, it at least one of the following occurs:
- &n emergency stop device iz actusted

- After change of the operation moce

-'When the expected exiting sequence is not met [(SequenceCheck)

During Running Mode, the Reset is only possible if the pratective fisld and the warning field are fres!

DONE BY THE MACHIME
MANUFACTURER OR INTEGRATOR
AFTER WERIFYING THE FUMCTION

S | ul Bl EmergencyStop XTIO[] T |

Routing :NZ m & EmergencyStopok Il

¥ Reset_SF310.MTION]IE B

dar E-Stop_SF301 XTIOM]) =

dar E-Stop_SF300.XTION]) = ]
g
g

™~
-
-
-
|

| = @ = =l EMG_Reset_SF300.XTI @
——=i

.ﬁ, Sequence'slid

.ﬂ_ MoErrar _OperationMoce B

pos fnegy
P, Programminghode ;I—ll = 3 E =1 4 B
+E >
Edge NOT 2
detection 2
™, PF_Free =t | 19 | | F2 1
=, PR = = =t e | =t
. . Q- ©
L wrFree W s L, OR 1
P, RunningMode gl—lI : |
@55 EmergencyStopOK
."’, Pragramminghocie
Figure 15: Linking emergency stop
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Protective stop

Protective Stop or "Safeguard Stop” (UR denomination)

This function I only active in Running Mode.

Yuhen the UR robot iz executing & programmed task:

speed until Warning field iz free)
Automatic Restari!

-= If the protective field is free, the "SafeguardStop" sigral is HIGH, which allowes to maintain the robot "= motion
-= If a protective field is infringed, the "SateguardStop” is LOWY, making the robot to perform a protective stop category 2 (S52). If the "SafeguardStop” signel gets HIGH again, the robot resume its operation. (Resumes with reduced

To prevent & toggling signal it & person is just on the edge of the protective fisld when lesving the hazardous ares, there is a On-delay timer with 300ms implemented

'
P, PF_Free a—al ®
. .
&, EmergencyStopOk, !—l

AND 2
1

“:, Funninghacde !—l

Figure 16: Linking protective stop
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Figure 17: Linking safety-rated monitored speed
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Operating mode selector switch

Opertaiontode

Change the operstion mode with an artivalent input signal
The safety logic validstes the correct operational mode selection signals.

The tvwo operationsl modes are:
--= Runninghode: Only load and execute & program.
--= Programminghode: Program the robot, move by teach pendart commands when the Enabling Device is actusted or in Freedrive Mode while adoitionally s pushbutton is pressed.

An emergency stop function is intisted aftet change of operstion mode.
After chanoe of operation mode & manual reset command is recuired.

‘@ RunningMode_SF400% s = 0 TI i Runninghode e

. . | | Programminghioce
‘@ Programminghoce_SF4 = rh':s;
switch 0 'EE
Routing 1: N:i ml OperationalMode XTIO[ f? I

THE CONNECTION HAS TO BE
DORE B THE MACHINE
MANUFACTURER OR INTEGRATOR
AFTER WERIFYING THE FUNCTION

I 1 ‘!—g MoError_Cperationhiode 7,
»o

MOT 1

Enahbling Device

It works only when Programming Mode iz selected.

An ensbling device or 3-postion enabling device, allows to program the robot tasks or move the robot arm with the commands (screen arrows on "Move" tab) of UR Teach Pendant.

L= EnablingDevice_SF401 #‘ 1| 5 ||! 1| FPostionSwitch XTIO[2] i‘f I
:®- THE COMMECTION HAS TO BE

[ A : AND 5 DORE BY THE MACHINE

o, Programminghode = = MANUFACTURER OR INTEGRATOR

RIFYINGTHE FUMCTION

Figure 18: Linking operating mode selector switch

7.4.4 Content of the logic editor
The logic editor contains the following pages:

Table 28: Logic editor overview

Page name Contents

Description Disclaimer and safety notes

Laser scanner Signals to and from safety laser scanner

EmergencyStop Emergency stop with manual reset

ProtectiveStop Protective stop with automatic restart

SafetyRatedMonitoredSpeed Reduction of speed and monitoring of safe speed

SequenceCheck Automatic restart if a person has exited the hazardous
area on the intended path

OperationMode_EnablingDevice Switches between running mode and programming
mode

ErrorHandling setting a signal if the sequence is invalid

7441 Page Description

This page contains the disclaimer and a short description of the application.
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110 matrix 1j summary page Description | Laserscanner EmergencyStop ProtectiveStop SafetyRatedMonitoredSpesed SequenceCheck OperationMode_EnablingDevice ErrorHandling

Safety System

Safe Rohotics Area Protection
=Bot Speed - UR

This Safety System is designed for & cooperative robot application.
& Risk azsessment from the manufacturer of the machine is required.

SICK AG
Erwrin-Sick-Str. 1
79183 Waldkirch

Sept 17, 2018

Wyarning:
Thiz software and documertation serve as an application example of & safety function that fulfils machine satety requirements

This exsmple can be used as a basis for project implemerntation and programming your specific machine safety application.
Hovwewet, it has to be adapted by a trained professional according to the individual satety reguirements.

The project =oftware and documertation contsined herein do not fulfill the individusl safety requirements of your application without sdditional
programming!

Figure 19: Page view description

7.4.4.2 Laser scanner page

This page contains the links to the safety laser scanner signals. These include the
signals of the protective field, the warning field and the inputs for changing the field
sets.

The signals for the protective field and the warning field have to be linked using a link
address. The inputs and outputs are implemented via EFI.

1/O matrix IfO summary page Description -~ Laserscanner | EmergencyStop ProtectiveStop SafetyRatedMonitoredSpeed SequenceCheck OperationMode_EnablingDevice ErrorHandling

Protective Field

Warning Field
4 Protective field free [SF). g - 7 3' =l PF_Free A
—_— —_—
0o
0=
. -
<3 Warning field 1 free [WF g =) RW"’:E NN g 1 WF_Free r.d

Figure 20: Side view of laser scanner

The distance between the protective field and warning field must be defined relative to
the movement speed of a person. The fields are changed after the warning field has
been interrupted for at least 500 ms.

If the person moves too quickly, they interrupt the protective field before the smaller
protective field of field set 2 could be activated.

When leaving the protective field, the warning field must remain interrupted for at
least 500 ms (see "SequenceCheck page", page 55), otherwise, an emergency stop is
triggered.

Therefore, the distance between the protective field and warning field must be large
enough to prevent a sequence error as a result of a person’s excessive movement
speed. The following formula is suitable for the calculation:

Distance = Movement speed x 0.5 s

Example: For a movement speed of 1,000 mm/s, the distance between the protective
field and the warning field should be at least 500 mm.
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The logic for switching the field sets depends on the signal NotReducedMode. The field
set of the laser scanner changes 500 ms after the NotReducedMode signal has been set
to HIGH. This time delay is described in the operating instructions for the UR robot.

Table 29: Changing field sets for signal change

ReducedMode NotReducedMode Active field set
Inactive LOW 1
Active HIGH 2

Switching the fieldset

Only one of the two Fieldsets can be active at a time.

The activation of Fieldset 1 or Fieldset 2 depends of the Safety-rated output signal "NotReducedMode" comming from UR robot controller.

When "NotReducedMode" is HIGH, the Fieldset 2 is active after S00ms. The time value in the On-delay timer should not be less than 500ms. Because just 500ms after activation of the ReducedMode in UR robot, the Reduced Mode
limit values are valid and safely monttored. (See UR documentation).

MotReducedhode
- when HIGH --» Reduced Mode is active
- when LOWY --= Reduced Mode is inactive

Bath Fieldsets must be configured with identical Warning Field. The differences between Fieldsets are:
Fieldset 1 --= hig protective field
Fieldset 2 --= small protective field

If PF1 iz infringed directly the fieldset! is still active.

500ms
W _Free = ol 8 W = 0 ® s Fieldset2 e,
= NotReducedhode_KF4 = F
=Bttt sl AL g AND 1 On-delay
timer 2

£, PF_Fres - SR =i
B Fieldset2 B 0RO
£ Fieldset2 » s 2 =l Fieldset! (o

NaTD

Figure 21: Side view of laser scanner

The inputs of the laser scanner for switching the field sets are dual-channel comple-
mentary signals Al and A2 via EFI.

Interface to the Laserscanner

Antivalent Input
, Fieldset1 at a2 1 = Input A1 [in 1] CPUT(0] &)
= g g
e
—p
' X
£, Fieldset2 " i Routing NN g = Input A2 [In A2].CPUTID) &)

Figure 22: Side view of laser scanner

If programming mode is active, the laser scanner is in standby. The display shows the
corresponding symbol:

Standby of the laserscanner if Programminghiode is active

#, ProgrammingMode o = 6 » = Stanc-By Host [Stand-B &

Routing 1:N 4

Figure 23: Side view of laser scanner
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CONFIGURATION 7

The manufacturer of the machine must verify the logic before the logic is transferred to
the Flexi Soft.

7443 EmergencyStop page
This page is used to configure the logic for the emergency stop.
The emergency stop must be manually reset from a position outside of the warning
and protective fields. This action must also always be performed after switching on the
robot.
/O matrix TfO summary page Description Laserscanner - EmergencyStop | ProtectiveStop SafetyRatedMonitoredSpeed SequenceCheck OperationMode_EnablingDevice ErrorHandling
EmergencyStop
Emergency stop function is active in Running Mode and Programming Moce
Manual Reset!
To reestablish the Emergency stop function after being activated, a manual Reset command is reguired
An Emergency stop function can be activated, it st least one of the following occurs:
- An emergency stop device s actuated
- After change of the operation mode
-When the expected exiting sequence is not met (SequenceCheck)
During Running Mode, the Reset is only possible if the protective field and the warning field are free!
THE COMKECTION HAS TO BE
DORKE BY THE MACHINE
MANUFACTURER OR INTEGRATOR
AFTER YERIFYING THE FUMCTION
o m = EmergencyStop XTIO[] 59!
Routing 1:N2 & EmergencyStopOk d
¥ Reset_SFIOXTION]IG & =lfE 4 B e
Yar E-Stop_SFA0t HTIOM]) e =l @)
e |
Yar E-Stop SF300.XTION] e I ]
—_— ‘ =|  Resat0
P Sequencealid = .l
_,!"_ MoError_Cperationtocie s ‘ = @ B | EMG_Reset_SF300.XTI &
—=f
pos f neg
%, Programminghode ?l—lI = 2 i e | 4 B
P
i 4 : o
Edge NOTZ
detection 2
P, PF_Fres g ey = B @
ws PP L
e ' :® :e'
£, WF_Free g o, Gl
. Runninghoce E'—'I =/

Bif EmergencyStopck

ﬁ' Programminghiocs

Figure 24: EmergencyStop page view
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Once a reset is possible, the EMG_RESET output flashes.

An emergency stop is then carried out if a sequence is invalid or the operating mode
has been changed (see "SequenceCheck page", page 55).

A reset can be carried out if programming mode is active, even if the scan fields are
interrupted (safety laser scanner is in standby).

If running mode is selected, the protective and warning field must be clear before reset.

The emergency stop pushbutton is monitored using test pulses and the discrepancy
time (maximum 1 s) is checked.
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7 CONFIGURATION

The time sequence for the reset pushbutton is checked within the predefined RESET
function block (24). There must be a HIGH pulse that lasts at least 100 ms and a
maximum of 30 s.

7444 ProtectiveStop page

This page is used to configure the logic for the protective stop.

TiO matrix 1/O summary page Description Laserscanner EmergencyStop - ProtectiveStop SafetyRatedMonitoredSpeed SequenceCheck OperationMode_EnablingDevice ErrarHandling

Protective Stop or "Safeguard Stop” (UR denormination)

Thiz function |z only sctive in Running Mode.

‘When the UR robat is executing & programmed task:

-= If the protective field is free, the "SafeduardStop” signal is HIGH, wwhich allows to maintzin the robot s motion.

-= If & protective field is infringed, the "SafeguardStop" is LOW, making the robot to perform a protective stop category 2 (S52). If the "SafeguardStop” signal gets HIGH again, the robot resume its operation. (Resumes with reduced
speed until Warning field is free)

Autamatic: Restart!

To prevent a togaling signal if & person is just onthe edoe of the protective field when leaving the hazardous area, there is a On-delay timer with 300ms implementecd

300ms
£ PE_Fres by B T s w7 w g wm il SateguardStop XTION]. 5
et
B @ | _
o R T - O ¢ e=3 THE CONNECTION HAS TO BE
£, EmergencyStop s Onedelay o oR4 DONE B THE MACHIE
timar 1 o MANUFACTURER OR INTEGRATCR
. AFTER VERIFYING THE FUNCTION

P, Runningtiode sl _—t _

..". Programminghiocde

Figure 25: ProtectiveStop page view

The ProtectiveStop output is HIGH if the protective field is clear, the sequence is valid
and the conditions for EmergencyStopOK are valid (see "SequenceCheck page", page 55
and see "EmergencyStop page", page 53).

In order to avoid a continuous switching of the output, a delay time of 300 ms is
executed if a person is located at the exact edge of the protective field.

The manufacturer of the machine or the integrator must verify the logic and link the
output signals before the logic is transferred to the Flexi Soft.

7445 SafetyRatedMonitoredSpeed page
Overview

This page is used to configure the logic for the safety-rated monitored speed.

LOmatrix | IfOsummarypage | Description | Laserscanner | EmergencyStop | ProtectiveStop . SafetyRatedMonitoredSpeed | SequenceCheck Operationtode_Enab

Safety-rated monitored Speed

This function is only active in Running Mode
If the Warning Field is infringed, the "ReducedMode" activation inthe Universal Robot is requested.
Warning:

To ensure that the reduced mode is disabled after the fieldset of the safety laser scanner is switched to PF1, the on-delay timer 4(30) is necessary.
The timedefay is set to 100 ms and should not be shortened. Otherwise it could lead into an increased risk inthe moment of switching from PF2 ta PF1 and increase the robots speed.

. M b2] i Outpurt 10pie g ! g bnsble | ipint g3y - 0uput 1 gy ReducedMode XTIO[2]. j;s-[
© ~F £ THE CONNECTION HAS TO BE

2% e st DR s | DONE BY THE MAGHINE

; & RuningMode  g———— 0 L timar 4 o | MBNUFACTURER OR INTEGRATOR

e : L " | AFTER VERFYING- THE FUNCTION

., Programminghode ?7'

Figure 26: SafetyRatedMonitoredSpeed page view
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CONFIGURATION 7

Important information

CAUTION
Increased risk if on-delay timer 4 is reduced

The reduced mode may not be activated, or not activated in time.

» Do not reduce the configured delay of 100 ms.

Description

If running mode is selected and the warning field is interrupted, the safety-rated moni-
tored speed is activated. The limits of the safety-rated monitored speed have to be
defined in the robot controller in accordance with the manufacturer’s risk analysis.

When programming mode is active, the warning field of the safety laser scanner has no
effect and the safety-rated monitored speed is deactivated. In programming mode, the
speed of the robot is reduced to 250 mm/s and can be increased incrementally, during
which the three-position enabling device is kept in the center position.

The manufacturer of the machine or the integrator must verify the logic and link the
output signals before the logic is transferred to the Flexi Soft.

Delay time

When switching from the smaller to the larger protective field, it is important that

the protective field be switched first and then the safety-rated monitored speed deac-
tivated. To ensure the robot does not accelerate even in the event of a fault, it is
necessary for the output to have a time delay of 100 ms in case a person is present

in the protective field during field set switching. This must not be reduced. If you set a
higher multiple sampling in the safety laser scanner, it is not necessary to increase the
delay time because the safety laser scanner performs an evaluation directly after the
field set switching.

7.4.4.6 SequenceCheck page

This page is used to configure the logic for sequence monitoring. This includes the
sequence a person has to fulfill when they exit the hazardous area.

i mabrix 1/O summary page Description Laserscanner EmergencyStop ProtectiveStop SafetyRatedMonitoredSpeed SequenceCheck OperationMode_EnablingDevice ErrorHandling

SequenceCheck

This checks the expected exiting sequence, detected by the monitoring fields, when & person is leaving the hazardous ares.

It checks if the WE is finringed for &t least S00ms when the PF is getting free (postive sdge)

" L " y | =
£, PF_Free » . | By B =& SequenceVslid =
L
&
i SequenceCh
P WF_Free L 8 eck [1]

sequence Cheok [1]

Figure 27: SequenceCheck page view

To prevent an automated restart if misuse takes place or a person does not remove
themselves from the hazardous area in the intended manner, the SequenceCheck func-
tion is always active in running mode.

For a valid sequence, the warning field must be interrupted for at least 500 ms after
the protective field has become clear (rising signal edge).
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7 CONFIGURATION

After the signal edge of the protective field has risen, the switch-off delay keeps the
signal HIGH for 500 ms. If the warning field remains infringed (LOW), then the sequence
is valid. If the warning field clears within 500 ms (HIGH), then the sequence is invalid
and SequenceValid is on LOW (for more information, see see "ErrorHandling page",
page 56).

Accordingly, the SequenceValid must be connected to the trigger of a reset function
block (see "EmergencyStop page", page 53).

7.4.4.7 OperationMode_EnablingDevice page

This page is used to configure the operating mode.

TfO matrix 1jO summary page Description Laserscanner EmergencyStop ProtectiveStop SafetyRatedManitoredSpeed SequenceCheck - OperationMode_EnablingDevice ErrarHandling

Opertaiontoce

Change the operation mode with an antivalert input signal
The safety logic validates the correct operational mode selection signals

The two operationsl modes are:
--= Runninghdode: Only load and execute & program
--= Programminghdode: Program the robot, mowve by teach pendant commands when the Enabling Device is actusted or in Freedrive Mode while sdditionally a pushbutton is pressed

An emergency stop function is intisted after change of operation mode.
After change of operation mode a manusl reset command is required.

(@ Furvinghece Sraonx o Rurvinghiede 2
= . ! J | z B—— &l ProgrammingMoce Fd
@, Programminghlode_SF4 m|  User

mode
switeh 0
A
~ Routing 1:N 3 | Bl Operationalbode XTIO[ "5

DOME BY THE MACHINE
MAMUFACTURER OR INTEGRATOR
AFTER VERIFYING THE FUMCTION

L = 1 B =| NoError_Operationhiode 7

Enabling Device

t works only when Programming Mode is selected

An enabling device or 3-position ensbling device, allows to program the robot tasks or move the robot arm with the commands (screen arrows on "Move" tab) of UR Teach Pendant.

% EnablingDevice_SF401. : | 5 Il ml 3PositionSwitch XTIO[2] %y
L8 THE COMNEGTION HAS TG BE

® i , AND 5 DOME BY THE MACHINE

£ Progremminghode = MENUFACTURER OR INTEGRATOR

AFTER WERIFYINGTHE FUMCTION

Figure 28: OperationMode_EnablingDevice page view

The operating mode is selected using a complementary input signal of an operating
mode selector switch. A maximum discrepancy time of 1,000 ms is permitted and only
one signal can be at HIGH. Thus, only running mode or programming mode can be
active.

If no operating mode is selected, an error occurs and a emergency stop is triggered.

The three-position enabling device is linked to the test pulse output in order to detect
cross-circuits and short-circuits. A maximum discrepancy time of 300 ms is allowed.
When programming mode is active, the signals from the three-position enabling device
are fed directly to the robot controller input.

7448 ErrorHandling page

This page is used to configure the logic for error rectification.

56 OPERATING INSTRUCTIONS | sBot Speed - UR 8023056/10H2/2021-05-12 | SICK
Subject to change without notice



CONFIGURATION 7

/O matris /O summary page

Error Handling

Description

Laserscanner

EmergencyStop ProtectiveStop SafetyRatedManitaredSpeed SequenceCheck OperationMode_EnablingDevice ErrorHandling

If the SequenceCheck is not walid the output ErrorLED show's a blinking state (2 times blinking cycle).

B Resst_SF310.XTION] IS = =
, PF_Free jl_l—l‘ e |
2, WF_Free jl_l—l‘ e |

L 5

cils 14 pm =| 15 = =] 1 e = ErrorLED.XTIO[3] G4 ®
ERs A ©
| g RS Flip- 5 Clock — i ORz2
- Flap 0 ) genarator 0 =l
I L e =
2} b

On-delay
timer 0

Clock
generator 1

Figure 29: ErrorHandling page view

745
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If the defined sequence is not complied with, the ErrorLED output flashes. After a
manual reset (while the warning field and protective field are clear), the flashing stops.
For additional information, see see "SequenceCheck page", page 55.

Activating the license for the safety system

Overview

A project can only be verified if a license is activated.

Approach

1. In the Extras menu, select the Software licenses command.

2. In the Software licenses dialog box, select the relevant feature and click on the
Activate button.

3. Enter the Ticket ID and confirm with OK.

v The CodeMeter License Central WebDepot opens in your browser.

4. Select the binding for the licenses:
o Bindingtoa PC
o Binding to a dongle

5. Select the desired licenses.
(i) NOTE | Note the specified number of licenses. If you have purchased a license
package and only want to activate specific licenses in it, you need to first distribute
the licenses.

6. Activate the licenses by clicking the Now activate the selected licenses button.

7. Click on Close to apply the changes and close the Software licenses window.

Complementary information

L]

It is also possible to activate a license offline. To do so, following the File-based
license transfer instructions in the WebDepot.

Licenses are only marked as used after being transfered to the controller.
Licenses cannot be copied or transferred. It is not possible, for example, to trans-
fer it back to the PC.

For details on managing licenses, see the operating instructions for the configura-
tion software: 8012998.
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7.5

751

58

Configuring the safety laser scanner

Configuring the S300 Mini Remote

N e

o s

v

The files associated with the safety system can be seen on the Files tab of the
Safety Systems selection window. These include a configuration file for the safety
laser scanner in which most of the configuration is already implemented. You
have to complete, verify and validate the configuration in accordance with the
requirements of your application.

Right-click the configuration file and select copy file to save the file locally.

Select the desired save location and click Save to confirm.

In the Configuration area view: Right-click the safety laser scanner (EFI 1 - A and B)
> Configurations draft > Import

Select the locally saved configuration file and confirm.

In the Configuration area view, double-click a safety laser scanner icon at input EFl 1
of the main module for the safety controller.

The configuration window for the safety laser scanner opens.

Resolution and application variant

Application variants: stationary

Resolution:

For a scan plane = 300 mm above ground: 70 mm
For a scan plane < 300 mm above ground: 50 mm

I 5200 Mini - [m] x

Eile

R=ji=]]=!

Deyice Estras View

LT OICIC)

<

=% 5300Mini [H] [3300H]

. System parameters  Fesolution/scanning range  Inputs  Field sets Cases  Simulation
Canfiguration

[P System parameters ~

S Application variant @
(®) Stationary
P Fisld sets ) Mobile
E# Cases
b Simulation
£ Diagnostics $300Mini [H] [S300 H]
+ Dat recorder Resolution protective field )

(2 30mm [hand detection]
() 40mm (hand detection)
() 50mm (leg detection)
(®) 70mm (leg detection)
(2150 mm [body detection]

Basic response time 80 ms W

Maximum protective 300m[B0ms /0.5 L7
field range
Field Mode w

@ Triple 1 protective field(s) and 2 warning field(s) = Max. 16 field sets
Simultaneous protective field evaluation not possible

B v

o3

Machine operator

Figure 30: Configuration window of S300 Mini Remote (example)

Inputs

Input A complementary
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1 5300 Mini

Eile Device Extras View

- e =T = =
Doo=E LaDBe R0
e \g ;ng”n‘g[:i{iam Al System parametsrs  Resolution/scanning rangs IPPUtS  Fisld sets  Cases  Simulation
System parameters
& Resolution/scanning ran Use hom
e glnpus] @ CPU1 Mas [s [COc [Oo e [ Use velocity range
g E‘E'd sets € o have configuied 2 of 2 monitoring cases.
ases
E# Simulation
) Shaw
=% Diagnostics
“ Y Data recorder . .
Advanced switching time Seannen 1
Input delay 10 ~| ms  150ms
A4 Ifinputs of ancther deviee are used via EFI, the switching tine has to be advanced additional 40 ms!
Sampling for the static control inputs
(®) antivalent
O1atn
< > <
813 Bx Machine operator

Figure 31: Configuration window of S300 Mini Remote (example)

Field Sets

Two field sets, each with one warning field and one protective field, are required. The
warning field is identical for both field sets. The protective fields are of different sizes.

DANGER

The configuration shown here is for example purposes only! Warning and protective
fields must be matched to the application according to the risk assessment.
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B 5300 Mini - [m] b3
File Edit Dewvice Cuvae Wiew Tools Options.
Do LN SF R 00
B Sy pacneters Rescbfonlscoringrarge Irguls| Fdses | Coes Sinaston
H --%gysle‘muarfmele's EEEQL\;.,P l‘;,‘? |§§§'f1|'e||§"‘?ﬁ@2@$%‘
£ Resolution/scanring ran
& s T men CSOBEB=EESINs A =Pk E e
o ] ik =i :
[ Cases j
[ Simulation B
H Show
- Diagnostics '
g Datarecorder i ;
PF2 e
i
450, -400y -350; -300 /—Zﬁﬂ -200 [15[I
,,,,, \ - RN
,,,,, -
,,,,, .
_____ - G
. -
,,,,, _
< :
< > Select; Other functions with: Alt, Ctrl, Shift; Right mouse button: move w-4d6.1em y: 126.8em Protective field
813 R Machine operator
Figure 32: Configuration window of S300 Mini Remote (example)
Configuring monitoring cases
If A =0, field set 1 with a larger protective field is active.
B 5300 Mini — [m] X
File Edit Dewice Furas View Tools Options
ElEEETERE T T A CEIENe)
 Fe s pancors Hesabton/scomingienge | rpus Fied 5 G Snison
H -%gysle‘muarfmelem EEE“&F p;,r |§§§£ﬁ|'e|h"‘?ﬁ@&ﬁ%‘
£ Resolution/scanring ran
T e C/O0BE= B@ESEs N <xdkGle
[ Simulation B
H Show
=g Diagnastics
J Datarecarder |
PF2 e
450,_-4004 -350: -300 /—Zﬁﬂ -200 [15[I
______ \ - RN
______ .
-2
-2
e -
_____ -
g >
< 3 Select; Other functions with: Alt, Ctrl, Shift; Right mouse button: move w-446.1cm y: 126.8cm Protective field
803 B Machine operator
Figure 33: Configuration view of S300 Mini Remote with small protective field (example)
60 OPERATING INSTRUCTIONS | sBot Speed - UR 8023056/10H2/2021-05-12 | SICK

Subject to change without notice




CONFIGURATION 7

2 5300 Mini [m] X
Fie Device Esras View
o 0 o
|lDOjo|/®E "N HF #0000
a-&g gugm g[:r]a iaﬂ‘uqu System parameters  Rlesoluon/scanringrange Inputs Field sets T332 Gimulation
oL Spstem parameters !;‘ ) Activation / Field Set Asignment
~# Resolution/scanning range
2 Inputs Name of monitoring case BigFroteciFickd
Field sets
Inputs
Simulatien Hame v A Field set oL A B |C D |E @
: Show case
S5 Diagnestics [ BigProtectField 0 PF1 10
+g Datarecorder 1) SmallProtectFiel 1 PF2 0 ®
L]
-lo x| x|x|x
of
Mo speed mariloiing 2000 2000 9
Use speed monitaiing
Field set @
FF1 v
Multiple sampling 2 v e
Resulting response  Oms
time supplement
0 cm
Switching sequence Following moritoring cases o
(®) Aubitrary sequence BigProtertField
O Unique sequence
O Ahemative sequenice BigProtectField
BI3 X Machine operator
Figure 34: Configuration view of S300 Mini Remote with large protective field (example)
If A =1, field set 2 with a smaller protective field is active.
B 5300 Mini - [m] x
Fie Deyice Exras View
= o -
I==EEEEE IR T G CIeIe)
ER ;Dg'ml‘ﬁ]aEﬁnnH] System parameters  Resolution/scanning range Inputs Fieldsebs C2%88 Simulation
B System parameters == | [x] > @ Activation / Field Set Asignment
R Resolionfscanning range | T &
Name of monitoring case SmalProtectFicl
inputs
- Input condiions for the:
@ Simulation Name v A Field set e g A B |C D |E )
i Shaw ) ) case
-5 Disgnostios f) BigProtectField 0 PF1 1@
*-5g Datarecorder f) smallProtectFiel 1 PF2 [}
X 0O
=== ==
of 1o
Mo speed moritoring 2000 2000 @
Use speed monitaiing
Field set @
FF2 ~
Multiple sampling )
Resulting response  Oms
time supplement
400
200
o
0 cm
Swilching sequence Following moriloiing casss )
@ Arbitiary sequence
BigFrateclField
() Unique sequence
O Alemative sequence BigFiotectField
Bl3 X Machine operater
Figure 35: Configuration view of S300 Mini Remote with small protective field (example)
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7.6

62

Robot controller configuration

A

On the robot controller, the following configurations must be carried out for the safe
inputs and outputs.

Q File 09:29:06 CCCC O
Program | Installation | Move | /O [ Log |

[FCP Configuration Safety Configuration
Mounting [ GeneralLimits |* Joint Limits | Boundaries | Safetyl/0 |
/O Setup
@ safety Input Signal Function Assignment
Variables

config_in[0], config_in[1] Reduced Mode -
MODBUS

config_in[2], config_in[3] 3-Position Switch -
Features config_in[4], config_in[5] Operational Mode -
Conveyor Tracking config_in[8], config_in[7] Unassigned -

EtherNet/IP

Output Signal Function Assignment
PROFINET
pefault Program config_out[0], config_out[1] Not Reduced Mode -
Load/Save config_out[2], config_out[3] Unassigned -
config_out[4], config_out[5] Unassigned -
config_out[6], config_out[7] Unassigned -
afety password Unlock H Lock | | Apply

Figure 36: Configuration of inputs and outputs

Configuring safety-rated monitored speed (reduced mode)

If the safety-rated monitored speed (reduced mode) is activated by a safe input, the
robot begins to reduce its speed until the values specified in the Reduced Mode
column are achieved.

500 ms after activation of the safety-rated monitored speed (reduced mode), the limits
are valid and are reliably monitored by the robot controller.

DANGER

The configuration shown here is for example purposes only! The values for Normal
Mode and Reduced Mode must be matched to the application according to the risk
assessment.
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(2
d File

Universal Robots Graphical Programming Environment

Program | Installation | Move | 110 [ Log |

13:38:16

- + x

1535 @

TCP Configuration
Mounting

I/O Setup

@ Safety
Variables
MODBUS

Features
Conveyor Tracking
EtherNet/IP
PROFINET

Default Program

Load/Sawve

Safety Configuration

[

General Limits | Joint Limits |~ Boundaries | Safety /0 |
Limit Maximum Normal Mode Reduced Mode
Force max: 250 N | 150| | 120‘ -25 N
Power max: 1000 W | 300| | 200‘ 0w
Speed max: 5000 mm/s | 1500| | 200‘ -150 mm/s
Momentum max 100 kg m/s | 25| | uo‘ -3 kg mis

| Basic Settings... |

Safety password | Unlock | | Lock | | Apply |
Figure 37: Configuration (example) of safety-rated monitored speed (reduced mode)
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8.1

8.2

64

Commissioning

Safety

WARNING
Hazard due to lack of effectiveness of the protective device

> Before commissioning the machine, make sure that the machine is first checked
and released by qualified safety personnel.
»  Only operate the machine with a perfectly functioning protective device.

DANGER
Dangerous state of the machine

During commissioning, the machine or the protective device may not yet behave as you
have planned.

»  Make sure that there is no-one in the hazardous area during commissioning.

Before commissioning can be performed, project planning, mounting, electrical installa-
tion and configuration must be completed in accordance with this document.

Thorough check

Requirements for the thorough check during commissioning and in certain situations

The safety system and its application must be thoroughly checked in the following
situations:

e  Before commissioning

« After changes to the configuration or the safety function

« After changes to the mounting or the electrical connection

o  After exceptional events, such as after a manipulation has been detected, after
modification of the machine, or after replacing components

The thorough check ensures the following:

« All relevant regulations are complied with and the safety system is effective in all
of the machine’s operating modes

¢ The documentation corresponds to the state of the machine, including the protec-
tive device

The thorough checks must be carried out by qualified safety personnel or specially
qualified and authorized personnel and must be documented in a traceable manner.

1. Effectiveness of the protective device for all operating modes selectable on the
machine in accordance with the checklist for initial commissioning and commis-
sioning (see "Annex", page 73).

2. Make sure that the operating personnel has been instructed in the function of
the protective device before starting work on the machine. The instruction is
the responsibility of the machine operator and must be carried out by qualified
personnel.
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OPERATING THE COMPONENTS 9

9 Operating the components

NOTE
Information is included in the operating instructions for the components.

9.1 Start sequence after start-up

1. Ensure that the protective field and warning field are clear.
2. Press the reset button.
v" Robot can start.
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10 Maintenance of the components

NOTE
Information is included in the operating instructions for the components.

10.1 Regular thorough check

DANGER
Hazard due to lack of effectiveness of the protective device

Persons and parts of the body to be protected may not be recognized in case of
non-observance.

» The checks must be carried out by qualified safety personnel or specially qualified
and authorized personnel and must be recorded and documented to ensure that
the tests can be reconstructed and retraced at any time.

General thorough check

Intervals for thorough checks of the individual components must be determined by
the manufacturer of the machine, based on the risk assessment (see "Testing plan”,
page 36).

« Thorough checks must be carried out in accordance with national regulations

e  After repairs or adjustments to the safety system, a thorough check must be
performed

e All components must be mounted, configured and operated according to their
specifications

o  Safety features must be regularly checked for reliability

NOTE
@ Safety devices must not be disassembled, modified or repaired. Doing so could other-
wise impair the security functions.

Emergency stop pushbutton

The thorough check interval must be determined by the manufacturer of the machine
based on the risk assessment.

At least once a year, all emergency stop pushbuttons should be thoroughly checked for
functionality.

Thorough optical check

¢ Mechanical and electrical function are in perfect order

¢ The emergency stop pushbutton is mounted correctly and firmly
¢ No visible damage

e Cable entry is closed tightly

e All connections are firmly attached

Thorough mechanical check
¢  Emergency stop pushbutton is firmly mounted and cannot be twisted
« Mounting nut is attached so that no play is possible in the longjtudinal direction

Thorough electrical check
« Pressing the emergency stop pushbutton stops the robot immediately in a safe
manner
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MAINTENANCE OF THE COMPONENTS 10

Safety laser scanner

Information on regular thorough checks of the safety laser scanner can be found in the
operating instructions of the safety laser scanner.

Safety signs, information labels

» Regularly check the information labels for the following points:
o Presence

o Readability
» Replace the information labels if missing, damaged or illegible.
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11 TROUBLESHOOTING

11 Troubleshooting

NOTE
Information is included in the operating instructions for the components.

I/ matriz /0 summary page Description Laserscanner EmergencyStop ProtectiveStop SafetyRatedMonitoredSpeed SequenceCheck OperationMode_EnablingDevice ErrorHandling

Errar Hancling

If the SequenceCheck is not valid the output ErrorLED shows & blinking state (2 times blinking cycle).

P Sequencevalid = Qls 4 g 15 ] 18 E—sl ErrorlED XTIO[3].G4 ®
\ﬂ
S . | 10 | |r RS Flip- g Clock 0R 2
% Resst_SF30XTION1E = =t =lr (5@ e —=l
[ : =
Loprfree 0 o
.
P WF_Free sl
s 7
N
On-delay Clock
timer generator 1

Figure 38: Troubleshooting

68

When leaving the protective field, the warning field must remain interrupted for at least
500 ms in order for a valid sequence to be detected.

If the warning field is cleared during this 500 ms, then an invalid sequence is imme-
diately detected. An invalid sequence triggers an emergency stop in the robot and
requires a manual reset.

For more information, see see "SequenceCheck page", page 55 and see "ErrorHandling
page", page 56.
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TECHNICAL DATA 12

12 Technical data

12.1 Data sheet

Table 30: Data sheet for the safety system

Performance level

PL d (ISO 13849-1)

Supply voltage Uy

24V DC (16.8 V DC ... 28.8 V DC) (SELV) ¥

Ambient operating temperature

-10 °C...+50 °C

Storage temperature

-20 °C...+50 °C

Air humidity

50 °C, 90% relative humidity (EN 61131-2)

Permissible operating height

< 2,000 m above sea level (ASL)

Safe state

The safety-related semiconductor outputs are
in the OFF state (low).

1) The external supply voltage must jumper a brief power failure of 20 ms as specified in IEC 60204-1.
Suitable power supply units are available as accessories from SICK.

12.2 Response times

The response time of the safety system is composed of the following times:

 Response time of the safety laser scanner (tg)
* Response time of the safety controller (treyisort)

The response time of the safety system is determined using the following formula:

tr = ts *+ trexisott

Table 31: Variables in the calculation

Formula symbols

Relevance

tr

Response time of safety system

ts

Response time of the S300 Mini safety laser scanner

triexisoft

Response time of the safety controller (trexisort = tin + tcpu + tout)

tin

Processing time of the safety controller input (6.5 ms)

tepu

Program processing time, 2 x logic cycle time of the safety controller

tour

Processing time of the safety controller output (4.5 ms)

12.2.1

Response time of the S300 Mini Remote safety laser scanner

The response time of the safety laser scanner is determined using the following for-

mula:

ts = thasic + tws * tem

Table 32: Variables in the calculation

Formula symbols

Meaning

ts

Response time of the S300 Mini Remote safety laser scanner

tbasic

S300 Mini Remote basic response time (80 ms)

tums

Additional time for multiple sampling (O ms for 2x multiple sampling)

ter

Time for EFI communication (20 ms)
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13 ORDERING INFORMATION

13 Ordering information

13.1 Ordering information and scope of delivery

70

Table 33: Ordering information sBot Speed - UR

Hardware and Hardware only Software only
software
Part number o o o © <
~ N~ N ™ N
o o ol o o
~ ~ © o 10
- - o o \-|
o - o - ©
- - - - =
Hardware
Flexi Soft safety controller
CPUO main module 1x - 1 x - -
System plug for CPUO 1x - 1x - -
CPU3 main module - 1% - 1 x -
System plug for CPU3 - 1 x - 1 x -
XTIO expansion module (8 inputs, 4 |3 x 3 x 3 x 3 x -
outputs)
Safety laser scanner
S$300 Mini Remote 1 1x [1x 1x |-
Software
Ticket ID for software license 1x ‘ 1 x ‘ - ‘ - ‘ 1x
Files The files are available free of charge in the configuration
software.
see "Adding a safety system in Flexi Soft Designer",
page 45
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SPARE PARTS 14

14 Spare parts

14.1 Safety laser scanner

Table 34: Safety laser scanner order data

Spare part Type code Part number
S300 Mini Remote safety laser scanner S32B-3011EA 1056431
14.2 Safety controller
Table 35: Safety controller ordering information
Description Type code Part number
Flexi Soft main module FX3-CPU1 FX3-CPU130002 1043784
System plug for FX3-CPU1 FX3-MPLO00001 1043700
Flexi Soft main module FX3-CPU3 FX3-CPU320002 1059305
System plug for FX3-CPU3 FX3-MPL100001 1047162
/0 module, 8 safe inputs, 4 safe outputs, FX3-XTI084002 1044125
plug-in dual-level spring terminals
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15 ACCESSORIES

15 Accessories

15.1 Connectivity

S300 Mini Remote

Table 36: Connecting cable ordering information

Part

Type code

Part number

Female connector, M12, 7-pin, straight, 5 m
cable, open end

For connecting S300 Mini Remote safety laser
scanner

DOL-1SS2G5MOE15KM3

6042338

Female connector, M12, 7-pin, straight, 10 m
cable, open end
S300 Mini Remote extension cable

DOL-1SS2G10ME15KM3

6042340

Female connector, M12, 7-pin, straight, 15 m
cable, open end
S300 Mini Remote extension cable

DOL-1SS2G15ME15KM3

6042341

Female connector, M12, 7-pin, straight, 20 m
cable, open end

DOL-1SS2G20ME15KM3

6042342

Connecting cables

Table 37: Connecting cable ordering information

Part

Type code

Part number

Male connector, M8, 4-pin, USB-A, straight,

2 m cable

For configuring the Flexi Soft safety controller
and S300 Mini Remote safety laser scanners

DSL-8U04G02M025KM1

6034574

Male connector, M8, 4-pin, USB-A, straight,
10 m cable

For configuring the Flexi Soft safety controller
and S300 Mini Remote safety laser scanners

DSL-8U04G10M025KM1

6034575

15.2 Mounting bracket

S300 Mini Remote

Part

Part number

Mounting kit 1b
For mounting the safety laser scanner

2034325
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ANNEX 16

16 Annex
16.1 Checklist for initial commissioning and start-up
This checklist should be retained and kept with the machine documentation to serve as
reference during recurring thorough checks.
This checklist is not a substitute for initial commissioning or periodic thorough checks
by qualified safety personnel.
Test for “Emergency stop” safety function
Table 38: Test for “Emergency stop” safety function
Test sequence Expected result Result OK?
1. Letrobot work at a slow speed. Stop is triggered. Yes (1 No [
2. Press the emergency stop push- | Unlocking the emergency stop push-
button. button does not trigger restart.
Perform a test with all emergency stop pushbuttons integrated in the safety system.
Note the designations of the tested emergency stop pushbuttons here.
Test for “Preventing unexpected start-up” safety function
Table 39: Test for “Preventing unexpected start-up” safety function
Test sequence Expected result Result OK?
1. Press Emergency stop pushbut- | The robot does not start. Yes [ No [J
ton.
2. Unlock the emergency stop push-
button.
3.  Check whether the emergency
stop pushbutton is installed out-
side the hazardous area and out-
side the warning field.
4. Press the reset pushbutton and
press restart while the warning
field is interrupted.
1. Press Emergency stop pushbut- | The robot does not start. Yes [ No [J
ton.
2. Unlock the emergency stop push-
button.
3.  Ensure that the warning field and
protective field are clear.
4.  Press the restart button for less
than 100 ms and start the robot.
1.  Press Emergency stop pushbut- | The robot starts. Yes (O No [
ton.
2. Unlock the emergency stop push-
button.
3.  Ensure that the warning field and
protective field are clear.
4.  Hold down the restart button for
at least 100 ms and for no more
than 30 s.
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16 ANNEX

16.2 Checklist for black box test
Test for “Switching field sets” safety function
Table 40: Checking the “Switch field sets” configuration
Test sequence Expected result Result OK?
1.  Check the configuration and logic | Laser scanner page: Switch-on delay On- |Yes [J No [0
in Flexi Soft Designer. delay timer2 > 500 ms.
2. Check and document the config- | SafetyRatedMonitoredSpeed page: Switch-
ured times for the switch-on and | on delay On-delay timer2 = 100 ms.
switch-off delay.
Table 41: Test for “Switching field sets” safety function
Test sequence Expected result Result OK?
1. Activate active mode. The size of the warning and protective |Yes [1 No [J
2. Inthe Flexi Soft Designer, start fields is appropriate for the calculated
the Data recorder function. field size for the robot application.
3. Make sure that the large protec- | When approaching the hazardous area:
tive field is active. The robot reduces its speed, switches
4.  Check the actual size of the to the reduced mode, and after a delay
fields. time (500 ms) the smaller protective
5.  Start the robot at a higher speed. | field becomes active.
6. Interrupt the warning field of the | When leaving the hazardous area: The
safety laser scanner. device first switches to the larger pro-
7. Check the actual size of the tective field before the robot increases
fields. its speed.
8. Release the warning field.
Test for warning field and protective field
Table 42: Test for warning field and protective field
Test sequence Expected result Result OK?
1.  Check the configuration of the The warning field (WF) is the same size |Yes [1 No [J
safety laser scanner. in field set 1 and field set 2.
The protective field (PF1) in field set 1
is larger than the protective field (PF2)
in field set 2, making PF2 a subfield of
PF1.
The safety laser scanner is configured
in such as way that the protective field
identifies a person at the minimum dis-
tance to the hazardous area.
The minimum distance for each of the
protective fields has been calculated in
accordance with EN ISO 13855.
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Test for mounting the safety laser scanner

Table 43: Test for mounting the safety laser scanner

Test sequence Expected result Result OK?
1.  Thoroughly check the mounting | The safety laser scanner is mounted in | Yes [0 No [
of the safety laser scanner. such as way that the protective field
identifies a person at the minimum dis-
tance to the hazardous area.
The resolution of the safety laser scan-
ner is in correct proportion to the
height of the scan plane.
It is not possible to walk behind the
protective field.
Test for automated restart
Table 44: Test for automated restart
Test sequence Expected result Result OK?
1. Inthe Flexi Soft Designer, start The robot remains still until the warn- | Yes [0 No [

the Data recorder function.
2.  Make sure that the large protec-
tive field is active.

4. Interrupt the warning field of the
safety laser scanner.

v The robot slows its speed, and
after the configured delay time,
the smaller protective field is
active.

5.  Interrupt the protective field of

the safety laser scanner.

The robot stops.

Vacate the warning field and pro-

tective field at the same time.

v The robot remains still and a
manual reset is necessary.

EXEN

3.  Start the robot at a higher speed.

ing field and protective field become
clear. Manual reset is necessary.

Tools may be necessary to avoid hazardous situations.
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Test for changing the operating modes

Table 45: Test for changing the operating modes

Test sequence Expected result Result OK?
1.  Activate running mode by press- | Symbol for running mode: Yes (1 No [
ing the operating mode selector
switch.
2.  Make sure that the laser scanner
is active.

3. Make sure that the display for the | Symbol for programming mode:
robot shows the symbol for run-

ning mode. w}
v Program robot button on the teach >
panel is not available.
4. Switch operating mode by actuat- The robot can be programmed while
ing the operating mode selector | Programming mode is active.

switch. The robot cannot be programmed dur-
v Amanual reset is necessary. ing running mode.
5.  Make sure that the laser scanner

is not active.

6. Make sure that the display for the
robot shows the symbol for pro-
gramming mode.

v Program robot button on the teach
panel is available.

v After the operating mode is
changed again by pressing the
operating mode selector switch, a
manual reset is required.

NOTE
The symbols for active operation and the programming mode are not visible until the
operating mode selector switch has been configured in the robot safety settings.

Test of the three-position enabling device

Table 46: Test of the three-position enabling device

Test sequence Expected result Result OK?
1.  Activate programming mode by The robot can be moved and taught Yes (1 No [
pressing the operating mode as long as the three-position enabling
selector switch. device is kept in the center position.

v The robot is in protective stop
(safety stop) as the three-posi-
tion enabling device is no longer
being pressed.

2. Press the three-position enabling
device in the middle position and
hold it.

v The robot switches to idle and
can be started.

v The robot switches to protective
stop (safety stop) as soon as the
three-position enabling device is
no longer being actuated.
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16.3 Requirements for automatic restart

NOTE
The following checklist only applies to this specific safety system and no claim is made
for completeness.

Pursuant to the manufacturer’s risk assessment, additional requirements may be nec-
essary.

Table 47: Checklist for the manufacturer

Requirements

It is not possible to walk behind the protective field of the laser scanner. Yes [ No [J

It is ensured that no people are in the hazardous area during or after the reset. |Yes [ No [

The hazardous area can only be entered when passing through the protective Yes (1 No [
field of the laser scanner.

Appropriate measures have been taken to protect people within the hazardous |Yes []J No []
area (fence, screen, etc.) or to provide monitoring activities (protective device).

Additional protective measures (fence, screen, etc.) are installed in such away |Yes [J No [J
as to prevent their removal or tampering.

Protective devices are protected against manipulation. Yes (O No [

Protective devices are installed in such a way that it is not possible to stand Yes (1 No [
behind them, bypass them or crawled beneath them.

Guards are installed to provide the required minimum distance to the nearest Yes [ No [J
point in the hazardous area.

Necessary additional measures

Automated restart is not possible if the protective field becomes clear but the Yes (1 No [
warning field is not subsequently interrupted.

An emergency stop pushbutton is installed in the hazardous area near the Yes (1 No [
robot.

In the hazardous area, there is a warning sign attached with the pictogram and | Yes [ No [
note “Warning, automated start-up” (in accordance with ISO 7010-W018).

16.4 Overview of sensors and actuators

In the following table, the “Operating material labels” and “Flexi Soft Address” are used
in the SISTEMA calculation file and circuit diagram.

Table 48: Overview of sensors and actuators

Operating material labels | Flexi Soft Description

(BMK) address

Sensors and switches

BG210 KF110 EFI1 S300 Mini Remote

SF301 KF11111/12 Emergency stop pushbutton within the hazard-
ous area

SF300 KF111 13/14 Emergency stop pushbutton outside the haz-
ardous area

KF400 KF11115/16 Non-reduced mode

SF310 KF111 18 Reset pushbutton

SF400 KF112 11/12 Inputs for switching operating mode

SF401 KF11213/14 Three-position enabling device

Actuators

KF400 KF111 Q1/Q2 Robot controller - Emergency stop
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Operating material labels | Flexi Soft Description

(BMK) address

KF400 KF111 Q3/Q4 Robot controller - Protective stop

KF400 KF112 Q1/Q2 Robot controller - Reduced mode

KF400 KF112 Q3/Q4 Robot controller - Three-position safety device
KF400 KF113 Q1/Q2 Robot controller - Operating mode

KF400 KF113 Q3 Lamp for reset

KF400 KF113 Q4 Lamp for sequence error
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17 Glossary

Enabling device

Additional manually operated device used in conjunction with a
start control and which, when continuously actuated, allows a
machine to function. [EN ISO 12100:2010; definition 3.28.2] [see
also IEC 60204-1:2016; 9.2.3.9 ; 10.9] (further explanation in ISO
10218-1; 5.8.3 Enabling device)

Industrial robot system

System comprising:

o Industrial robot;

e End-effector(s);

o Any machinery, equipment, devices, external auxiliary axes or
sensors supporting the robot performing its tasks.

[ISO 10218-1:2011, definition 3.11]

Integrator

Entity that designs, provides, manufactures or assembles robot
systems or integrated manufacturing systems and is in charge
of the safety strategy, including the protective measures, con-
trol interfaces and interconnections of the control system. [ISO
10218-2:2011, definition 3.7]

Protective stop

Type of interruption of operation that allows a cessation of motion
for safeguarding purposes and which retains the program logic to
facilitate a restart. [ISO 10218-1:2011, definition 3.17]

Safety function

Fnction of a machine whose failure can result in an immediate
increase of the risk(s). [ISO 12100:2010, definition 3.30] (see
also EN61508-4:2010; definition 3.5.1)

Safety-rated monitored
speed

Safety-related function that causes a protective stop when either
the Cartesian speed of a point relative to the robot flange (e.g.

the TCP), or the speed of one or more axes exceeds a specified
limit value. [ISO 10218-1:2011, definition 3.19.1] (see also 5.6.3,
under Speed Control)

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 ISO 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.
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