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Introduction

Target group

This documentation is aimed at users with the following knowledge and
skills:

* Advanced knowledge of the robot controller system
* Advanced Java programming sKkills

m For optimal use of KUKA products, we recommend the training courses
offered by KUKA College. Information about the training program can be
found at www.kuka.com or can be obtained directly from our subsidia-
ries.

Industrial robot documentation

The industrial robot documentation consists of the following parts:

» Documentation for the robot arm

» Documentation for the robot controller

* Documentation for the smartPAD-2 (if used)

» Operating and programming instructions for the System Software
 Instructions for options and accessories

» Spare parts overview in KUKA Xpert

Each of these sets of instructions is a separate document.

Representation of warnings and notes

These warnings are provided for safety purposes and must be observed.

VO oaveer

These warnings mean that it is certain or highly probable that death or
severe injuries will occur, if no precautions are taken.

A WARNING

These warnings mean that death or severe injuries may occur, if no
precautions are taken.

A CAUTION

These warnings mean that minor injuries may occur, if no precautions
are taken.

NOTICE

These warnings mean that damage to property may occur, if no precau-
tions are taken.

A These warnings contain references to safety-relevant information or gen-
eral safety measures.

These warnings do not refer to individual hazards or individual precau-
tionary measures.
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This warning draws attention to procedures which serve to prevent or rem-
edy emergencies or malfunctions:

The following procedure must be followed exactly!

Procedures marked with this warning must be followed exactly.

Notices

These notices serve to make your work easier or contain references to
further information.

@ Tip to make your work easier or reference to further information.

1.4 Trademarks

Java is a trademark of Sun Microsystems (Oracle Corporation).
Windows is a trademark of Microsoft Corporation.

EtherCAT ~ _ _
raencer - EtherCAT® is a registered trademark and patented technolo-

gy, licensed by Beckhoff Automation GmbH, Germany.

1.5 Terms used

Term Description

AMF Atomic Monitoring Function
Smallest unit of a monitoring function

API Application Programming Interface
Interface for programming applications

ESM Event-Driven Safety Monitoring
Safety monitoring functions which are activated using defined
events

EtherCAT Ethernet for Control Automation Technology
Ethernet-based field bus that is suitable for real-time requirements
(Ethernet interface).

EVC Enhanced Velocity Control
Option for limitation of the Cartesian robot velocity
EVC automatically adapts the robot velocity so that safety-oriented
and application-specific Cartesian velocity limits are adhered to.
Exception Exception or exceptional situation

An exception describes a procedure for forwarding information
about certain program statuses, mainly error states, to other pro-
gram levels for further processing.

Frame 3-dimensional coordinate system that is described by its position
and orientation relative to a reference system

Points in space can be easily defined using frames. Frames are of-
ten arranged hierarchically in a tree structure.
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FSoE

GMS

Javadoc

JRE

KLI

KMP

KUKA RoboticsAPI

KUKA smartHMI

KUKA smartPAD

KUKA smartPAD-2

KUKA Sunrise
Cabinet

KUKA Sunrise.OS

HRC

PROFINET

PROFIsafe

PSM

smartHMI

KUKA Sunrise.OS 1.16 SI V3 | Issued: 01.12.2019
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Fail Safe over EtherCAT
Protocol for transferring safety-relevant data via EtherCAT. An FSoE
master and an FSoE slave are used for this.

German acronym for joint torque sensor

Sensitive robots of type LBR have a joint torque sensor in each ax-
is. The torques on the output side in each axis are measured using
these sensors.

Note: This sensor is referred to as the axis torque sensor in the
documentation.

Javadoc is a documentation generated from specific Java com-
ments.

Java Runtime Environment
Runtime environment of the Java programming language

KUKA Line Interface
Ethernet interface of the robot controller (not real-time-capable) for
external communication.

KUKA Mobile Platform

Driverless transport vehicle

Java programming interface for KUKA robots

KUKA RoboticsAPI is an object-oriented Java interface for control-
ling robots and peripheral devices.

see “smartHMI”

see “smartPAD”

see “smartPAD”

Control hardware for operating industrial robots

KUKA Sunrise.Operating System

System software for industrial robots which are operated with KU-
KA Sunrise Cabinet

Human-robot collaboration

Ethernet-based field bus (Ethernet interface)

PROFINET-based safety interface for connecting a safety PLC to
the robot controller (PLC = master, robot controller = slave)

Permanent Safety Monitoring
Safety monitoring functions which are permanently active

smart Human-Machine Interface
User interface on the smartPAD

www.kuka.com | 21/673
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smartPAD Teach pendant

The smartPAD has all the operator control and display functions re-
quired for operation of the robot. 2 models exist:

e smartPAD
« smartPAD-2

In turn, for each model there are variants, e.g. with different lengths
of connecting cables.

The designation “KUKA smartPAD” or “smartPAD” refers to both
models unless an explicit distinction is made.

PLC Programmable Logic Controller

Sunrise project A Sunrise project is a specialization of a Java project. All Sunrise-
specific functions are only possible in Sunrise projects and not in
conventional Java projects. These functions include, for example:

» Creation of a safety configuration

» Creation of an I/O configuration

» Creation of robot and background applications

« Configuration of the Automatic External interface

TCP Tool Center Point
Working point of a tool and origin of the corresponding tool coordi-

nate system

1.6 Licenses

KUKA Sunrise.OS uses open-source software. The license terms are stor-
ed in the licenses folder in the installation directory of KUKA Sun-
rise.Workbench.

E Further information about open-source licenses can be requested from
the following address: opensource@kuka.com
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2 Product description

21 Overview of the industrial robot

The industrial robot consists of the following components:

* Manipulator

* Robot controller

+ Teach pendant

+ Connecting cables

» Software

» Options, accessories

Fig. 2-1: Example of an industrial robot

Connecting cable to KUKA smartPAD
KUKA smartPAD teach pendant
Manipulator

Connecting cable to the robot controller

a b~ ON =

Robot controller

2.2 Overview of the software components

The following software components are used:

« KUKA Sunrise.0OS 1.16
« KUKA Sunrise.Workbench 1.16
* WorkVisual 5.0
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2.3 Overview of KUKA Sunrise.OS

Description

i

Division of tasks

24/673 | www.kuka.com

KUKA Sunrise.OS is a system software package for industrial robots in
which programming and operator control tasks are strictly separated from
one another.

* Robot applications are programmed with KUKA Sunrise.Workbench.

* A robot cell (station) is operated using the KUKA smartPAD control
panel.

» A station consists of a robot controller, a manipulator and further devi-
ces.

+ A station may carry out multiple applications (tasks).

-
~

.
ot

Fig. 2-2: Separation of operator control and programming

1 Development computer with KUKA Sunrise.Workbench (connection
via the KLI of the robot controller)

KUKA Sunrise Cabinet robot controller
Manipulator
4 KUKA smartPAD teach pendant

The development computer is not included in the scope of supply of the
industrial robot.

KUKA Sunrise.Workbench is the tool for starting up a station and develop-
ing robot applications. WorkVisual is used for bus configuration and bus
mapping.

In the start-up phase, the smartPAD is only required for tasks that cannot
be performed with KUKA Sunrise.Workbench for practical or safety rea-
sons. The smartPAD is used, for example, for mastering axes, calibrating
tools and teaching points.

After start-up and application development, the operator can carry out sim-
ple maintenance work and operating tasks using the smartPAD. The oper-
ator cannot change the station and safety configuration or the program-
ming.
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Overview
Task WorkVisual Workbench smartPAD
Station configuration o
Software installation (/)

Bus configuration/diagnosis

Q0

Bus mapping

Configuring safety settings

Activating the safety configuration

o

Programming

Remote debugging

Managing/editing process data

QI OQQ |©

Creating frames

Teaching frames

Operating mode selection

Jog mode

Mastering

Calibration

Load data determination

Setting outputs

Polling inputs/outputs

Starting/stopping robot applications

Starting/stopping background applications

Creating a diagnosis package o

QO QQO Q0000000

24 Overview of KUKA Sunrise.Workbench

KUKA Sunrise.Workbench is the development environment for the robot
cell (station). It offers the following functionalities for start-up and applica-

tion development:

Start-up

+ Installing the system software

» Configuring the robot cell (station)

« Editing the safety configuration

» Creating the 1/0O configuration

» Transferring the project to the robot controller

Application development

* Programming robot applications in Java

KUKA Sunrise.OS 1.16 SI V3 | Issued: 01.12.2019
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+ Managing projects and programs

+ Editing and managing runtime data

* Project synchronization

* Remote debugging (fault location and elimination)

2.5 Intended use

Use

Misuse
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Setting break points

Program execution in single-step operation (stop after each pro-
gram line)

Displaying and modifying application variables during program exe-
cution

Modifying a program during execution

of the system software

The KUKA Sunrise.OS System Software is intended exclusively for the op-
eration of KUKA axes in an industrial setting in conjunction with KUKA
Sunrise Cabinet. KUKA axes include, for example, industrial robots and
mobile platforms.

Each version of the System Software may be operated exclusively in ac-
cordance with the specified system requirements.

Any use or application deviating from the intended use is deemed to be
misuse and is not allowed. KUKA Deutschland GmbH is not liable for any
damage resulting from such misuse. The risk lies entirely with the user.

Examples of such misuse include:

+ Operating axes that are not KUKA axes

+ Operation of the System Software not in accordance with the specified
system requirements

* Use of any debugger other than that provided by Sunrise.Workbench

» Use for non-industrial applications for which specific product require-
ments/standards exist (e.g. medical applications)
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3.1 General
3.1.1 Liability

Safety information
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The device described in this document is either an industrial robot or a
component thereof.

Components of the industrial robot:

* Manipulator

* Robot controller

» Teach pendant

» Connecting cables

+ Software

» Options, accessories

The industrial robot is built using state-of-the-art technology and in accord-
ance with the recognized safety rules. Nevertheless, misuse of the indus-
trial robot may constitute a risk to life and limb or cause damage to the
industrial robot and to other material property.

The industrial robot may only be used in perfect technical condition in ac-
cordance with its intended use and only by safety-conscious persons who
are fully aware of the risks involved in its operation. Use of the industrial
robot is subject to compliance with this document and with the declaration
of incorporation supplied together with the industrial robot. Any functional
disorders, especially those affecting safety, must be rectified immediately.

Information about safety may not be construed against KUKA Deutschland
GmbH. Even if all safety instructions are followed, this is not a guarantee
that the industrial robot will not cause personal injuries or material dam-
age.

No modifications may be carried out to the industrial robot without the au-
thorization of KUKA Deutschland GmbH. Unauthorized modifications will
result in the loss of warranty and liability claims.

Additional components (tools, software, etc.), not supplied by KUKA
Deutschland GmbH, may be integrated into the industrial robot. The user
is liable for any damage these components may cause to the industrial ro-
bot or to other material property.

In addition to the Safety chapter, this document contains further safety in-
structions. These must also be observed.

3.1.2 EC declaration of conformity and declaration of incorporation

The industrial robot constitutes partly completed machinery as defined by
the EC Machinery Directive. The industrial robot may only be put into op-
eration if the following preconditions are met:
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« The industrial robot is integrated into a complete system.
or: The industrial robot, together with other machinery, constitutes a
complete system.
or: All safety functions and safeguards required for operation in the
complete machine as defined by the EC Machinery Directive have
been added to the industrial robot.

* The complete system complies with the EC Machinery Directive. This
has been confirmed by means of a conformity assessment procedure.

EC declaration of conformity

The system integrator must issue an EC declaration of conformity for the
complete system in accordance with the Machinery Directive. The EC dec-
laration of conformity forms the basis for the CE mark for the system. The
industrial robot must always be operated in accordance with the applicable
national laws, regulations and standards.

The robot controller has a CE mark in accordance with the EMC Directive
and the Low Voltage Directive.

Declaration of incorporation

The partly completed machinery is supplied with a declaration of incorpo-
ration in accordance with Annex Il B of the Machinery Directive
2006/42/EC. The assembly instructions and a list of essential require-
ments complied with in accordance with Annex | are integral parts of this
declaration of incorporation.

The declaration of incorporation declares that the start-up of the partly
completed machinery is not allowed until the partly completed machinery
has been incorporated into machinery, or has been assembled with other
parts to form machinery, and this machinery complies with the terms of
the EC Machinery Directive, and the EC declaration of conformity is
present in accordance with Annex Il A.

313 Terms in the “Safety” chapter
Term Description
Axis range Range within which the axis may move The axis range must be de-

Stopping distance

Workspace

Automatic (AUT)

User

Service life

28/673 | www.kuka.com

fined for each axis.

Stopping distance = reaction distance + braking distance
The stopping distance is part of the danger zone.

Area within which the robot may move. The workspace is derived
from the individual axis ranges.

Operating mode for program execution. The manipulator moves at
the programmed velocity.

The user of the industrial robot can be the management, employer
or delegated person responsible for use of the industrial robot.

The service life of a safety-relevant component begins at the time
of delivery of the component to the customer.

The service life is not affected by whether the component is used
or not, as safety-relevant components are also subject to aging dur-
ing storage.
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Danger zone

CRR

KUKA smartPAD
KUKA smartPAD-2
Manipulator
Safety zone

Safety stop

smartPAD

Stop category 0
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The danger zone consists of the workspace and the stopping dis-
tances of the manipulator.
Controlled Robot Retraction

CRR is an operating mode which can be selected when the indus-
trial robot is stopped by the safety controller for one of the following
reasons:

» Industrial robot violates an axis-specific or Cartesian monitoring

space.
« Orientation of a safety-oriented tool is outside the monitored
range.
* Industrial robot violates a force or axis torque monitoring func-
tion.

» A position sensor is not mastered or referenced.
* An axis torque sensor is not referenced.

After changing to CRR mode, the industrial robot may once again
be moved.

see “smartPAD”

see “smartPAD”

The robot arm and the associated electrical installations

The safety zone is situated outside the danger zone.

The safety stop is triggered by the safety controller, interrupts the
work procedure and causes all robot motions to come to a stand-
still. The program data are retained in the case of a safety stop
and the program can be resumed from the point of interruption.

The safety stop can be executed as a Stop category 0, Stop cate-
gory 1 or Stop category 1 (path-maintaining).

Note: In this document, a safety stop of Stop category 0 is referred
to as safety stop 0, a safety stop of Stop category 1 as safety
stop 1 and a safety stop of Stop category 1 (path-maintaining) as
safety stop 1 (path-maintaining).

Teach pendant

The smartPAD has all the operator control and display functions re-
quired for operation of the robot. 2 models exist:

« smartPAD
e smartPAD-2

In turn, for each model there are variants, e.g. with different lengths
of connecting cables.

The designation “KUKA smartPAD” or “smartPAD” refers to both
models unless an explicit distinction is made.

The drives are deactivated immediately and the brakes are applied.
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Stop category 1

Stop category 1 (path-
maintaining)

System integrator
(plant integrator)

T1

T2

3.2 Personnel

The manipulator is braked and does not stay on the programmed
path. The manipulator is brought to a standstill with the drives. As
soon as an axis is at a standstill, the drive is switched off and the
brake is applied.

The internal electronic drive system of the robot performs safety-ori-
ented monitoring of the braking process. Stop category 0 is execu-
ted in the event of a fault.

Note: Stop category 1 is currently only supported by the LBR iiwa.
For other manipulators, Stop category 0 is executed.

The manipulator is braked and stays on the programmed path. At
standstill, the drives are deactivated and the brakes are applied.

If Stop category 1 (path-maintaining) is triggered by the safety con-
troller, the safety controller monitors the braking process. The
brakes are applied and the drives are switched off after 1 s at the
latest. Stop category 1 is executed in the event of a fault.

The system integrator is responsible for safely integrating the indus-
trial robot into a complete system and commissioning it.
Test mode, Manual Reduced Velocity (<= 250 mm/s)

Note: With manual guidance in T1, the velocity is not reduced, but
rather limited through a safety-oriented velocity monitoring in ac-
cordance with the safety configuration.

Note: The maximum velocity of 250 mm/s does not apply to a mo-
bile platform.

Test mode, Manual High Velocity (> 250 mm/s permissible)

The following persons or groups of persons are defined for the industrial

robot:

User
Personnel

A\ All persons working with the industrial robot must have read and under-
stood the industrial robot documentation, including the safety chapter.

User

The user must observe the labor laws and regulations. This includes e.g.:

Personnel

The user must comply with his monitoring obligations.
The user must carry out briefing at defined intervals.

Personnel must be instructed, before any work is commenced, in the type
of work involved and what exactly it entails as well as any hazards which
may exist. Instruction must be carried out regularly. Instruction is also re-
quired after particular incidents or technical modifications.

Personnel includes:
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System integrator
Operators, subdivided into:
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— Start-up, maintenance and service personnel
— Operating personnel
— Cleaning personnel

Installation, exchange, adjustment, operation, maintenance and repair
must be performed only as specified in the operating or assembly in-
structions for the relevant component of the industrial robot and only by
personnel specially trained for this purpose.

The industrial robot is safely integrated into a complete system by the sys-
tem integrator.

The system integrator is responsible for the following tasks:

+ Installing the industrial robot

* Connecting the industrial robot

» Performing risk assessment

» Implementing the required safety functions and safeguards
» Issuing the EC declaration of conformity

+ Attaching the CE mark

» Creating the operating instructions for the system

The operator must meet the following preconditions:

* The operator must be trained for the work to be carried out.

* Work on the system must only be carried out by qualified personnel.
These are people who, due to their specialist training, knowledge and
experience, and their familiarization with the relevant standards, are
able to assess the work to be carried out and detect any potential
hazards.

Work on the electrical and mechanical equipment of the manipulator
may only be carried out by KUKA Deutschland GmbH.

Workspace, safety zone and danger zone

Working zones are to be restricted to the necessary minimum size in or-
der to prevent danger to persons or the risk of material damage. Safely
monitored axis limits that limit the motion range of an axis and are re-
quired for personnel protection are configurable.

Further information about configuring safely monitored axis limits is con-
tained in the “Safety configuration” chapter of the operating and pro-
gramming instructions of the system software for system integrators.
(>>> 13 "Safety configuration” Page 251)

The danger zone consists of the workspace and the stopping distances of
the manipulator. In the event of a stop, the manipulator is braked and
comes to a stop within the danger zone. The safety zone is the area out-
side the danger zone.

The danger zone must be protected by means of physical safeguards,
e.g. by light barriers, light curtains or safety fences. If there are no physi-
cal safeguards present, the requirements for collaborative operation in ac-
cordance with EN ISO 10218 must be met. There must be no shearing or
crushing hazards at the loading and transfer areas.

KUKA Sunrise.OS 1.16 SI V3 | Issued: 01.12.2019 www.kuka.com | 31/673

Safety



Safety

KUKA Sunrise.0OS 1.16 KUKA Sunrise.Workbench 1.16

/

Fig. 3-1: Example: axis range A1

1 Workspace 3  Stopping distance
2 Manipulator 4  Safety zone
34 Triggers for safety-oriented stop reactions

Stop reactions are triggered in response to operator actions or as a reac-
tion to monitoring functions and errors. The following tables show the dif-
ferent stop reactions according to the operating mode that has been set.

Overview

In KUKA Sunrise a distinction is made between the following triggers:

* Permanently defined triggers
Permanently defined triggers for stop reactions and the associated
stop category are preset by the system and cannot be changed. How-
ever, it is possible for the implemented stop reaction to be stepped up
in the user-specific safety configuration.

» User-specific triggers
In addition to the permanently defined triggers, the user can also con-
figure other triggers for stop reactions including the associated stop
category.

E Further information about configuring the safety functions is contained in
the “Safety configuration” chapter of the operating and programming in-
structions of the system software for system integrators. (>>> 13 "Safety

configuration" Page 251)

Permanently defined triggers
The following triggers for stop reactions are permanently defined:
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Trigger T1, T2, CRR AUT

Operating mode changed Safety stop 1 (path-maintaining)
during operation

Enabling switch released | Safety stop 1 (path- -

maintaining)
Enabling switch pressed Safety stop 1 (path- -
fully down (panic position) maintaining)
Local E-STOP pressed Safety stop 1 (path-maintaining)
Error in safety controller Safety stop 1

User-specific triggers

When creating a new Sunrise project, the system automatically generates
a project-specific safety configuration. This contains the following user-
specific stop reaction triggers preconfigured by KUKA (in addition to the
permanently defined triggers):

Trigger T1, CRR T2, AUT
Safety gate opened (op- - Safety stop 1 (path-
erator safety) maintaining)
External E-STOP pressed Safety stop 1 (path-maintaining)
External safety stop Safety stop 1 (path-maintaining)

m This default safety configuration is valid for the system software without
additionally installed option packages or catalog elements. If additional
option packages or catalog elements have been installed, the default
safety configuration may be modified.

Triggers for manual guidance

If an enabling device is configured for manual guidance, the following ad-
ditional triggers for stop reactions are permanently defined:

Trigger T1, CRR T2, AUT
Manual guidance ena- Safety stop 1 (path- -
bling switch released maintaining)

Manual guidance ena- Safety stop 1 (path- -
bling switch pressed fully maintaining)

down (panic position)

Maximum permissible ve- Safety stop 1 (path-maintaining)
locity exceeded while

manual guidance ena-

bling signal is set

A maximum permissible velocity of 250 mm/s is preconfigured for manual
guidance. The maximum permissible velocity can be adapted.

The value for the maximum permissible velocity must be determined as
part of a risk assessment.

(>>> 13.11.5.3 "Velocity monitoring during manual guidance" Page 291)

3.5 Safety functions

Safety functions are distinguished according to the safety requirements
that they fulfill:
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A

+ Safety-oriented functions for the protection of personnel

The safety-oriented functions of the industrial robot meet the following
safety requirements:

— Category 3 and Performance Level d in accordance with EN ISO
13849-1
— SIL 2 according to EN 62061

The requirements are only met on the following condition, however:

— All safety-relevant mechanical and electromechanical components
of the industrial robot are tested for correct functioning during start-
up and at least once every 12 months, unless otherwise deter-
mined in accordance with a workplace risk assessment. These in-
clude:

— Local EMERGENCY STOP device on the teach pendant

— Enabling device on the teach pendant

— Enabling device on the hand guiding device (if present)

— External enabling devices (if present)

— Mode selector switch on the smartPAD (if used as teach pend-
ant)

— Safety-oriented outputs of the discrete safety interface

Details about safety parameters (e.g. PFH, SIL, Performance Level)
are also available as a SISTEMA library. The library can be down-
loaded from the KUKA website.

* Non-safety-oriented functions for the protection of machines

The non-safety-oriented functions of the industrial robot do not meet
specific safety requirements.

In the absence of the required operational safety functions and safe-
guards, the industrial robot can cause personal injury or material dam-
age. If the required safety functions or safeguards are dismantled or de-
activated, the industrial robot may not be operated.

During system planning, the safety functions of the overall system must
also be planned and designed. The industrial robot must be integrated
into this safety system of the overall system.

3.5.1 Safety-oriented functions
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The following safety-oriented functions are present and permanently de-
fined in the industrial robot:

+ EMERGENCY STOP device
« Enabling device

The following safety-oriented functions are preconfigured and can be inte-
grated into the system via the safety interface of the robot controller:

» Operator safety (= connection for the monitoring of physical safe-
guards)

+ External EMERGENCY STOP device
+ External safety stop 1 (path-maintaining)

Other safety-oriented functions can also be configured, e.g.:

+ External enabling device
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» External safe operational stop

» Axis-specific workspace monitoring

» Cartesian workspace monitoring

» Cartesian protected space monitoring
* Velocity monitoring

+ Standstill monitoring

* Axis torque monitoring

» Collision detection

Further information about configuring the safety functions is contained in
the “Safety configuration” chapter of the operating and programming in-
structions of the system software for system integrators. (>>> 13 "Safety

configuration" Page 251)

The preconfigured safety functions are described in the following sections
on safety.

3.5.1.1 EMERGENCY STOP device

As standard, the EMERGENCY STOP device of the industrial robot is the
EMERGENCY STOP device on the smartPAD teach pendant. The EMER-
GENCY STOP device must be pressed in the event of a hazardous situa-
tion or emergency.

Reaction of the industrial robot if the EMERGENCY STOP device is
pressed:

* The manipulator stops with a safety stop 1 (path-maintaining).

Before operation can be resumed, the EMERGENCY STOP device must
be turned to release it.

From KUKA Sunrise.OS 2.4 onwards, the inputs for the local EMER-
GENCY STOP can be configured, i.e. a different EMERGENCY STOP
device can be connected and used for the local EMERGENCY STOP.

WARNING

Tools and other equipment connected to the robot must be integrated in-
to the EMERGENCY STOP circuit on the system side if they could con-
stitute a potential hazard.

Failure to observe this precaution may result in death, severe injuries or
considerable damage to property.

If a holder is used for the teach pendant and conceals the EMERGENCY
STOP device on the teach pendant, an external EMERGENCY STOP de-
vice must be installed that is accessible at all times.

(>>> 3.5.1.4 "External EMERGENCY STOP device" Page 37)

3.5.1.2 Enabling device

i

The enabling devices of the industrial robot are the enabling switches on
the smartPAD teach pendant by default.

+ smartPAD: 3 enabling switches
+ smartPAD-2: 4 enabling switches

From KUKA Sunrise.OS 2.4 onwards, the inputs of the enabling device
for the teach pendant can be configured, i.e. a different teach pendant

with enabling device can be connected and used.
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The enabling switches have 3 positions:

* Not pressed

+ Center position

* Fully pressed (panic position)

In operating modes T1, T2 and CRR, the manipulator can only be moved
if one of the enabling switches is held in the central position.

It is possible to hold several enabling switches in the center position si-
multaneously. This makes it possible to adjust grip from one enabling
switch to another one.

In operating modes T1, T2 and CRR, the manipulator can be stopped in
the following ways:

+ Press at least one enabling switch down fully.
Fully pressing an enabling switch triggers a safety stop 1 (path-main-
taining).

* Or release all enabling switches.

Releasing all (!) enabling switches held in the center position triggers
a safety stop 1 (path-maintaining).

WARNING

Danger to life and limb due to lack of reaction when an enabling
switch is released

Releasing one of multiple enabling switches held in the center position
does not trigger a stop reaction.

If multiple switches are held in the center position, the robot controller
cannot distinguish whether one of them was intentionally released or if it
was unintentionally released as the result of an accident.

» Create awareness for the hazard.

If an enabling switch malfunctions (e.g. jams in the center position), the
industrial robot can be stopped using one of the following methods:

* Press another enabling switch down fully.
+ Actuate the EMERGENCY STOP device.
* Release the Start key.

WARNING

Danger to life and limb due to manipulation of enabling switches
The enabling switches must not be held down by adhesive tape or other
means or tampered with in any other way. Death, severe injuries or
damage to property may result.

» Carry out a visual inspection of the enabling switches.

* Rectify tampering or remove any foreign bodies.

3.5.1.3 “Operator safety” signal
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The “operator safety” signal is used for monitoring physical safeguards,
e.g. safety gates. In the default configuration, T2 and automatic operation
are not possible without this signal. Alternatively, the requirements for col-
laborative operation in accordance with EN ISO 10218 must be met.

Reaction of the industrial robot in the event of a loss of signal during T2
or automatic operation (default configuration):

+ The manipulator stops with a safety stop 1 (path-maintaining).

By default, operator safety is not active in the modes T1 (Manual Re-
duced Velocity) and CRR, i.e. the signal is not evaluated.
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A WARNING

Following a loss of signal, automatic operation must not be resumed
merely by closing the safeguard; the signal for operator safety must first
be set by an additional device, e.g. by an acknowledge button. It is the
responsibility of the system integrator to ensure this. This is to prevent
automatic operation from being resumed inadvertently while there are
still persons in the danger zone, e.g. due to the safety gate closing ac-
cidentally.

» This additional device must be designed in such a way that an ac-
tual check of the danger zone can be carried out first. Devices that
do not allow this (e.g. because they are automatically triggered by
closure of the safeguard) are not permitted.

+ Failure to observe this may result in death to persons, severe inju-
ries or considerable damage to property.

3514 External EMERGENCY STOP device

Every operator station that can initiate a robot motion or other potentially
hazardous situation must be equipped with an EMERGENCY STOP de-
vice. The system integrator is responsible for ensuring this.

Reaction of the industrial robot if the external EMERGENCY STOP device
is pressed (default configuration):

» The manipulator stops with a safety stop 1 (path-maintaining).

External EMERGENCY STOP devices are connected via the safety inter-
face of the robot controller. External EMERGENCY STOP devices are not

included in the scope of supply of the industrial robot.

3.5.1.5 External safety stop 1 (path-maintaining)

The external safety stop 1 (path-maintaining) can be triggered via an input
on the safety interface (default configuration). The state is maintained as
long as the external signal is FALSE. If the external signal is TRUE, the
manipulator can be moved again. No acknowledgement is required.

3.5.1.6 External enabling device

External enabling devices are required if it is necessary for more than one
person to be in the danger zone of the industrial robot.

Multiple external enabling devices can be connected via the safety inter-
face of the robot controller. External enabling devices are not included in
the scope of supply of the industrial robot.

An external enabling device can be used for manual guidance of the ro-
bot. When enabling is active, the robot may only be moved at reduced ve-
locity.

For manual guidance, safety-oriented velocity monitoring with a maximum
permissible velocity of 250 mm/s is preconfigured. The maximum permissi-
ble velocity can be adapted.

The value for the maximum permissible velocity must be determined as
part of a risk assessment.

3.5.1.7 External safe operational stop

The safe operational stop is a standstill monitoring function. It does not
stop the robot motion, but monitors whether the robot axes are stationary.

KUKA Sunrise.OS 1.16 SI V3 | Issued: 01.12.2019 www.kuka.com | 37/673

Safety



Safety

KUKA Sunrise.0OS 1.16 KUKA Sunrise.Workbench 1.16

3.5.2

3.5.2.1

The safe operational stop can be triggered via an input on the safety in-
terface. The state is maintained as long as the external signal is FALSE.
If the external signal is TRUE, the manipulator can be moved again. No

acknowledgement is required.

Non-safety-oriented functions

Mode selection

Operating modes

The industrial robot can be operated in the following modes:

+ Manual Reduced Velocity (T1)

+ Manual High Velocity (T2)

* Automatic (AUT)

» Controlled robot retraction (CRR)

Operating
mode

Use Velocities

T1

Programming, teaching and testing of « Program verification:
programs. Reduced programmed velocity,
maximum 250 mm/s
» Jog mode:
Jog velocity, maximum 250 mm/s
* Manual guidance:

No limitation of the velocity, but
safety-oriented velocity monitoring
in accordance with the safety con-
figuration

Note: The maximum velocity of
250 mm/s does not apply to a mobile
platform.

T2

Testing of programs + Program verification:
Programmed velocity
* Jog mode: Not possible

AUT

Automatic execution of programs « Program operation:

For industrial robots with and without Programmed velocity
higher-level controllers « Jog mode: Not possible
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Operating
mode

Use

Velocities

CRR

After changing to CRR mode, the in-
dustrial robot may once again be
moved.

CRR is an operating mode which can | . program verification:
be selected when the industrial robot
is stopped by the safety controller for
one of the following reasons:

Reduced programmed velocity,
maximum 250 mm/s

» Jog mode:

Industrial robot violates an axis- Jog velocity, maximum 250 mm/s
specific or Cartesian monitoring . Manual guidance:

space.

p. . . No limitation of the velocity, but
Orientation of a safety-oriented tool . . .

. : . safety-oriented velocity monitoring
is outside the monitored range. ; .

. . in accordance with the safety con-

Industrial robot violates a force or figuration

axis torque monitoring function.
A position sensor is not mastered
or referenced.

An axis torque sensor is not refer-
enced.

Mode selector switch

3.5.2.2
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The user can change the operating mode via the connection manager.
The connection manager is a view that is called by means of the mode
selector switch on the smartPAD.

The mode selector switch may be one of the following variants:
+  With key

It is only possible to change operating mode if the key is inserted.
+  Without key

WARNING

If the smartPAD is fitted with a mode selector switch without a key:

An additional device must be present to ensure that the relevant func-
tions cannot be executed by all users, but only by a restricted group of
people.

The device itself must not trigger motions of the industrial robot or other
hazards. If this device is missing, death or severe injuries may result.

The system integrator is responsible for ensuring that such a device is im-

plemented.

Velocity monitoring in T1

i

The reduced velocity in T1 does not constitute a safety-rated reduced
speed in the standard safety configuration, i.e. the maximum permissible
velocity of 250 mm/s in T1 is not subjected to safety-oriented monitoring.
If the application requires safety-oriented velocity monitoring in T1, this
can be added in the safety configuration. The safety option KUKA Sun-
rise.SafeOperation provides the monitoring function Cartesian velocity
monitoring for this purpose.

Further information about configuring safety-oriented velocity monitoring
for T1 is contained in the “Safety configuration” chapter of the operating

tors. (>>> 13 "Safety configuration" Page 251)

and programming instructions of the system software for system integra-
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3.5.2.3

3.6

3.6.1

3.6.2

3.6.3
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Software limit switches

The axis ranges of all manipulator axes are limited by means of non-safe-
ty-oriented software limit switches. These software limit switches only
serve as machine protection and are preset in such a way that the manip-
ulator is stopped under servo control if the axis limit is exceeded, thereby
preventing damage to the mechanical equipment.

Additional protective equipment

Jog mode

In the operating modes T1 (Manual Reduced Velocity), T2 (Manual High
Velocity) and CRR, the robot controller can only execute programs in jog
mode. This means that it is necessary to hold down an enabling switch

and the Start key in order to execute a program.

* Releasing the enabling switch on the smartPAD triggers a safety
stop 1 (path-maintaining).

* Pressing fully down on the enabling switch on the smartPAD triggers a
safety stop 1 (path-maintaining).

* Releasing the Start key triggers a stop of Stop category 1 (path-main-
taining).

Labeling on the industrial robot

i

All plates, labels, symbols and marks constitute safety-relevant parts of
the industrial robot. They must not be modified or removed.

Labeling on the industrial robot consists of:

+ Identification plates
+ Warning signs

+ Safety symbols

» Designation labels
+ Cable markings

* Rating plates

Further information is contained in the technical data of the operating in-
structions or assembly instructions of the components of the industrial
robot.

External safeguards

The access of persons to the danger zone of the industrial robot must be
prevented by means of safeguards. Alternatively, the requirements for col-
laborative operation in accordance with EN ISO 10218 must be met. It is
the responsibility of the system integrator to ensure this.

Physical safeguards must meet the following requirements:

* They meet the requirements of EN ISO 14120.
» They prevent access of persons to the danger zone and cannot be
easily circumvented.

+ They are sufficiently fastened and can withstand all forces that are
likely to occur in the course of operation, whether from inside or out-
side the enclosure.
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+ They do not, themselves, represent a hazard or potential hazard.

* The prescribed minimum clearance from the danger zone is main-
tained.

Safety gates (maintenance gates) must meet the following requirements:

* They are reduced to an absolute minimum.

» The interlocks (e.g. safety gate switches) are linked to the configured
operator safety inputs of the robot controller.

« Switching devices, switches and the type of switching conform to the
requirements of Performance Level d and category 3 according to EN
ISO 13849-1.

+ Depending on the risk situation: the safety gate is additionally safe-
guarded by means of a locking mechanism that only allows the gate
to be opened if the manipulator is safely at a standstill.

+ The device for setting the signal for operator safety, e.g. the button for
acknowledging the safety gate, is located outside the space limited by
the safeguards.

E Further information is contained in the corresponding standards and reg-
ulations. These also include EN ISO 14120.

Other safety equipment

Other safety equipment must be integrated into the system in accordance
with the corresponding standards and regulations.

3.7 Safety measures

3.71 General safety measures

The industrial robot may only be used in perfect technical condition in ac-
cordance with its intended use and only by safety-conscious persons. Op-
erator errors can result in personal injury and damage to property.

It is important to be prepared for possible movements of the industrial ro-
bot even after the robot controller has been switched off and locked out.
Incorrect installation (e.g. overload) or mechanical defects (e.g. brake de-
fect) can cause the manipulator to sag. If work is to be carried out on a
switched-off industrial robot, the manipulator must first be moved into a
position in which it is unable to move on its own, whether the payload is
mounted or not. If this is not possible, the manipulator must be secured
by appropriate means.

VO oaneer

In the absence of operational safety functions and safeguards, the in-
dustrial robot can cause personal injury or material damage. If safety
functions or safeguards are dismantled or deactivated, the industrial ro-
bot may not be operated.

A WARNING

Standing underneath the robot arm can cause death or serious injuries.
Especially if the industrial robot is moving objects that can become de-
tached (e.g. from a gripper). For this reason, standing underneath the
robot arm is prohibited!
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HRC

smartPAD

Modifications

Faults
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In the case of collaborative operation (HRC), the system must be equip-
ped with a visual display indicating when the robot is in collaborative op-
eration.

The user must ensure that the industrial robot is only operated with the
smartPAD by authorized persons.

If more than one smartPAD is used in the overall system, it must be en-
sured that each smartPAD is unambiguously assigned to the correspond-
ing industrial robot. It must be ensured that 2 smartPADs are not inter-
changed.

As standard, the smartPAD is unpluggable.

WARNING

Risk of fatal injury due to non-operational EMERGENCY STOP de-

vice

If the smartPAD is disconnected, the system can no longer be switched

off by means of the EMERGENCY STOP device on the smartPAD.

Measures must be taken to prevent operational and non-operational

EMERGENCY STOP devices from being mixed up.

Death, injuries or damage to property may result.

 If unplugging of the smartPAD is to be allowed, connect at least one
external EMERGENCY STOP device that is accessible at all times
to the robot controller.

* Immediately remove the unplugged smartPAD from the system and
store it out of sight and reach.

If unplugging of the smartPAD is not to be allowed, this can be configured
in the station configuration.

After modifications to the industrial robot, checks must be carried out to
ensure the required safety level. The valid national or regional work safety
regulations must be observed for this check. The correct functioning of all
safety functions must also be tested.

New or modified programs must always be tested first in Manual Reduced
Velocity mode (T1).

After modifications to the industrial robot, existing programs must always
be tested first in Manual Reduced Velocity mode (T1). This applies to all
components of the industrial robot and includes modifications to the soft-
ware and configuration settings.

The robot may not be connected and disconnected when the robot con-
troller is running.

The following tasks must be carried out in the case of faults in the indus-

trial robot:

« Switch off the robot controller and secure it (e.g. with a padlock) to
prevent unauthorized persons from switching it on again.

* Indicate the fault by means of a label with a corresponding warning
(tagout).

» Keep a record of the faults.

» Eliminate the fault and carry out a function test.
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3.7.2 IT security

KUKA products must only be used in perfect technical condition in accord-
ance with their intended use and only by safety-conscious persons.

In particular, safety-conscious use includes being operated in an IT envi-
ronment which meets the current security-relevant standards and for
which there is an overall concept for IT security.

Take measures to ensure IT security

IT security entails not only technical aspects but, at a minimum, also
those of organization, personnel and infrastructure.

KUKA urgently recommends that users implement an information securi-
ty management system for their products which designs, coordinates

and monitors the tasks related to information security.

Sources for information about IT security for companies include:

* Independent consulting firms

» National cyber security authorities

National authorities often make their recommendations available on the In-
ternet. In addition to their official language, some national authorities pro-
vide their information in English.

3.7.3 Transportation

Manipulator

Robot controller

The prescribed transport position of the manipulator must be observed.
Transportation must be carried out in accordance with the operating in-
structions or assembly instructions of the robot.

Avoid vibrations and impacts during transportation in order to prevent
damage to the manipulator.

The prescribed transport position of the robot controller must be observed.
Transportation must be carried out in accordance with the operating in-
structions or assembly instructions of the robot controller.

Avoid vibrations and impacts during transportation in order to prevent
damage to the robot controller.

3.74 Start-up and recommissioning

Before starting up systems and devices for the first time, a check must be
carried out to ensure that the systems and devices are complete and op-
erational, that they can be operated safely and that any damage is detec-
ted.

The valid national or regional work safety regulations must be observed
for this check. The correct functioning of all safety functions must also be
tested.

Prior to start-up, the passwords for the user groups must be modified by
the administrator, transferred to the robot controller in an installation pro-
cedure and activated. The passwords must only be communicated to
authorized personnel. (>>> 9.4.2 "Changing and activating the pass-
word" Page 198)
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A

Function test
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The robot controller is preconfigured for the specific industrial robot. If
cables are interchanged, the manipulator may receive incorrect data and
can thus cause personal injury or material damage. If a system consists
of more than one manipulator, always connect the connecting cables to
the manipulators and their corresponding robot controllers.

If additional components (e.g. cables), which are not part of the scope
of supply of KUKA Deutschland GmbH, are integrated into the industrial
robot, the user is responsible for ensuring that these components do not
adversely affect or disable safety functions.

NOTICE

Damage to property due to condensation

If the internal cabinet temperature of the robot controller differs greatly

from the ambient temperature, condensation can form. This may result

in damage to property.

+ Wait until the internal cabinet temperature has adapted to the ambi-
ent temperature in order to avoid condensation.

The following tests must be carried out before start-up and recommission-
ing:
General test:

It must be ensured that:

« The industrial robot is correctly installed and fastened in accordance
with the specifications in the documentation.

+ There are no foreign bodies or defective or loose parts on the industri-
al robot.

» All required safety equipment is correctly installed and operational.

» The power supply ratings of the industrial robot correspond to the
local supply voltage and mains type.

» The ground conductor and the equipotential bonding cable are suffi-
ciently rated and correctly connected.

« The connecting cables are correctly connected and the connectors are
locked.
Test of the safety functions:

A function test must be carried out for all the safety-oriented functions to
ensure that they are working correctly.

(>>> 13.14 "Safety acceptance overview" Page 330)

Test of the safety-relevant mechanical and electromechanical compo-
nents:

The following tests must be performed prior to start-up and at least once

every 12 months unless otherwise determined in accordance with a work-
place risk assessment:

¢ Function of all connected EMERGENCY STOP devices

Press the EMERGENCY STOP device. A message must be displayed
on the teach pendant indicating that the EMERGENCY STOP has
been actuated. At the same time, no error message may be displayed
about the EMERGENCY STOP device.
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« Function of the enabling switches of all connected enabling devices

Move the robot in Test mode and release the enabling switch. The ro-
bot motion must be stopped. At the same time, no error message may
be displayed on the teach pendant about the enabling device.

The test must always be carried out for all enabling switches of a con-
nected enabling device.

If the state of the enabling device is configured at an output, the test
can also be performed via the output.

+ Panic function of the enabling switches of all connected enabling devi-
ces
Move the robot in test mode, press the enabling switch down and hold
in the panic position for 3 seconds. The robot motion must be stop-
ped. At the same time, no error message may be displayed on the
teach pendant about the enabling device.

The test must always be carried out for all enabling switches of a con-
nected enabling device.
If the state of the enabling device is configured at an output, the test
can also be performed via the output.

» Function of the mode selector switch on the smartPAD (if used as
teach pendant)
Turn the mode selector switch to the right and then back again. There
must be no error message displayed on the smartPAD.

« Switch-off capability of the safety-oriented outputs

Switch robot controller off and then on again. After it is switched on,
no error message relating to a safety-oriented output may be dis-
played on the teach pendant.

In the case of incomplete start-up of the system, additional substitute
measures for minimizing risk must be taken and documented, e.g. in-
stallation of a safety fence, attachment of a warning sign, locking of the
main switch. Start-up is incomplete, for example, if not all safety func-
tions have yet been implemented, or if a function test of the safety func-
tions has not yet been carried out.

Test of the functional capability of the brakes:

For the industrial robot, a brake test is available which can be used to
check whether the brake of each axis applies sufficient braking torque.

The brake test ensures that any impairment of the braking function is de-
tected, e.g. due to wear, overheating, fouling or damage, thereby eliminat-
ing avoidable risks.

The brake test must be performed regularly, unless an application-specific
risk assessment has established that a malfunction of the mechanical
brakes will not result in inadmissibly high risks. Determination of the inter-
val at which the brake test is to be performed also constitutes part of the
risk assessment.

In the absence of a corresponding risk assessment, the following applies:

+ The brake test must be carried out for each axis during start-up and
recommissioning of the industrial robot.

* The brake test must be performed daily during operation.
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3.7.5 Manual mode

General

Setup work in T1

Setup work in T2
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Manual mode is the mode for setup work. Setup work is all the tasks that
have to be carried out on the industrial robot to enable automatic opera-

tion. Setup work includes:

+ Jog mode
+ Teaching
* Program verification

The following must be taken into consideration in manual mode:

* New or modified programs must always be tested first in Manual Re-
duced Velocity mode (T1).

+ The manipulator and its tooling must never touch or project beyond
the safety fence.

+ Workpieces, tooling and other objects must not become jammed as a
result of the industrial robot motion, nor must they lead to
short-circuits or be liable to fall off.

* All setup work must be carried out, where possible, from outside the
safeguarded area.

If it is necessary to carry out setup work from inside the safeguarded
area, the following must be taken into consideration in the operating mode

Manual Reduced Velocity (T1):

» If it can be avoided, there must be no other persons inside the safe-
guarded area.
If it is necessary for there to be several persons inside the safeguar-
ded area, the following must be observed:

— Each person must have an enabling device.
— All persons must have an unimpeded view of the industrial robot.
— Eye-contact between all persons must be possible at all times.

+ The operator must be so positioned that he can see into the danger
area and get out of harm’s way.

* Unexpected motions of the manipulator cannot be ruled out, e.g. in
the event of a fault. For this reason, an appropriate clearance must be
maintained between persons and the manipulator (including tool).
Guide value: 50 cm.

The minimum clearance may vary depending on local circumstances,
the motion program and other factors. The minimum clearance that is
to apply for the specific application must be decided by the user on
the basis of a risk assessment.

If it is necessary to carry out setup work from inside the safeguarded
area, the following must be taken into consideration in the operating mode

Manual High Velocity (T2):
+ This mode may only be used if the application requires a test at a ve-
locity higher than that possible in T1 mode.
» Teaching is not permissible in this operating mode.
+ Before commencing the test, the operator must ensure that the ena-
bling devices are operational.
« The operator must be positioned outside the danger zone.
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+ There must be no-one present inside the safeguarded area. It is the
responsibility of the operator to ensure this.

3.7.6 Automatic mode

Automatic mode is only permissible in compliance with the following safety
measures:

» All safety equipment and safeguards are present and operational.

» There are no persons in the system, or the requirements for collabora-
tive operation in accordance with EN ISO 10218 have been met.

+ The defined working procedures are adhered to.

If the manipulator comes to a standstill for no apparent reason, the
danger zone must not be entered until an EMERGENCY STOP has been
triggered.

3.7.7 Maintenance and repair

After maintenance and repair work, checks must be carried out to ensure
the required safety level. The valid national or regional work safety regula-
tions must be observed for this check. The correct functioning of all safety
functions must also be tested.

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

The following safety measures must be carried out when working on the
industrial robot:

« Carry out work outside the danger zone. If work inside the danger
zone is necessary, the user must define additional safety measures to
ensure the safe protection of personnel.

» Switch off the industrial robot and secure it (e.g. with a padlock) to
prevent it from being switched on again. If it is necessary to carry out
work with the robot controller switched on, the user must define addi-
tional safety measures to ensure the safe protection of personnel.

» If it is necessary to carry out work with the robot controller switched
on, this may only be done in operating mode T1.

+ Label the system with a sign indicating that work is in progress. This
sign must remain in place, even during temporary interruptions to the
work.

+ The EMERGENCY STOP devices must remain active. If safety func-
tions or safeguards are deactivated during maintenance or repair work,
they must be reactivated immediately after the work is completed.

VN oavcer

Before work is commenced on live parts of the robot system, the main
switch must be turned off and secured against being switched on again.
The system must then be checked to ensure that it is deenergized.

It is not sufficient, before commencing work on live parts, to execute an
EMERGENCY STOP or a safety stop, or to switch off the drives, as this
does not disconnect the robot system from the mains power supply.
Parts remain energized. Death or severe injuries may result.

Faulty components must be replaced using new components with the
same article numbers or equivalent components approved by KUKA
Deutschland GmbH for this purpose.
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Robot controller

Cleaning and preventive maintenance work is to be carried out in accord-
ance with the operating instructions.

Even when the robot controller is switched off, parts connected to periph-
eral devices may still carry voltage. The external power sources must
therefore be switched off if work is to be carried out on the robot control-
ler.

The ESD regulations must be adhered to when working on components in
the robot controller.

Voltages in excess of 60 V can be present in various components for sev-
eral minutes after the robot controller has been switched off! To prevent
life-threatening injuries, no work may be carried out on the industrial robot
in this time.

Water and dust must be prevented from entering the robot controller.

3.7.8 Decommissioning, storage and disposal

The industrial robot must be decommissioned, stored and disposed of in
accordance with the applicable national laws, regulations and standards.

3.79 Safety measures for “single point of control”

Overview

T1, T2, CRR

If certain components in the industrial robot are operated, safety measures
must be taken to ensure complete implementation of the principle of “sin-
gle point of control” (SPOC).

Components:

» Tools for configuration of bus systems with online functionality

The implementation of additional safety measures may be required. This
must be clarified for each specific application; this is the responsibility of
the user of the system.

Since only the system integrator knows the safe states of actuators in the
periphery of the robot controller, it is his task to set these actuators to a

safe state.

In modes T1, T2 and CRR, a robot motion can only be initiated if an ena-
bling switch is held down.

Tools for configuration of bus systems
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If these components have an online functionality, they can be used with
write access to modify programs, outputs or other parameters of the robot
controller, without this being noticed by any persons located inside the

system.

Such tools include:

» KUKA Sunrise.Workbench

*  WorkVisual from KUKA

* Tools from other manufacturers
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Safety

Safety measure:
In the test modes, programs, outputs or other parameters of the robot

controller must not be modified using these components.
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4 Installing KUKA Sunrise.Workbench
4.1 PC system requirements
Hardware

Minimum requirements

+ PC with Pentium IV processor, min. 1500 MHz

+ 2 GB RAM

* 200 MB free hard disk space

» DirectX-compatible graphics card with a resolution of 1024x768 pixels
Recommended specifications

+ PC with Pentium IV processor or higher and 2500 MHz

4 GB RAM

* 1 GB free hard disk space

+ DirectX-compatible graphics card with a resolution of 1280x1024 pixels

Software
* Windows 7
Both the 32-bit version and the 64-bit version can be used.
The following software is required for bus configuration:
+ WorkVisual 5.0
4.2 Installing Sunrise.Workbench

Preparation

If an older version of Sunrise.Workbench is already installed:

¢ Uninstall the old version first.

Precondition

* Local administrator rights

Procedure
1. Start the program SunriseWorkbench-[...]-Setup.exe. A window
opens.
2. Select the language for the installation procedure and confirm with
OK.
The language selection only applies to the installation and not to Sun-
rise.Workbench itself. The default user interface language for Sun-
rise.Workbench is German.
3. An installation wizard opens. Follow the instructions in the wizard.
4.3 Uninstalling Sunrise.Workbench
Description

Uninstallation removes all program files from the computer. User-specific
files are retained, e.g. the workspace with the Sunrise projects.
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Precondition

* Local administrator rights

Procedure

1. Call the list of installed programs in the Windows Control Panel.
2. In the list, select the program Sunrise Workbench and uninstall it.

Alternative procedure

* In the Windows Start menu, open the installation directory of Sun-
rise.Workbench and click on Uninstall.
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5 Operation of KUKA Sunrise.Workbench
5.1 Starting Sunrise.Workbench
Procedure

1.

Double-click on the Sunrise.Workbench icon on the desktop.
Alternative:

In the Windows Start menu, open the installation directory and double-
click on Sunrise Workbench.

The Workspace Launcher window opens.

2. In the Workspace box, specify the directory for the workspace in
which projects are to be saved.

+ A default directory is suggested. The directory can be changed by
clicking on the Browse... button.

» If the workspace should not be queried the next time Sun-
rise.Workbench is started, activate the option Use this as the de-
fault valuel[...] (set check mark).

Confirm the settings with OK.
3. A welcome screen opens the first time Sunrise.Workbench is started.
There are different options here.

* Click on Workbench to open the user interface of Sunrise.Work-
bench.

(>>> 5.2 "Overview of the user interface of Sunrise.Workbench"
Page 53)

+ Click on New Sunrise project to create a new Sunrise project di-
rectly. The project creation wizard opens.

(>>> 5.3 "Creating a Sunrise project with a template" Page 57)
5.2 Overview of the user interface of Sunrise.Workbench

The user interface of KUKA Sunrise.Workbench consists of several views.
The combination of several views is called a perspective. KUKA Sun-
rise.Workbench offers various preconfigured perspectives.

The Programming perspective is opened by default. Additional perspec-
tives can be displayed.
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Fig. 5-1: Overview of user interface — “Programming” perspective

Item | Description

1 Menu bar

2 Toolbars

(>>> 5.2.4 "Toolbar of the Programming perspective" Page 56)

3 Editor area

Opened files, e.g. robot applications, can be displayed and edi-
ted in the editor area.

4 Application data view

This view displays the frames created for a project in a tree
structure.

5 Object templates view

This view displays the geometrical objects, tools and workpie-
ces created for a project in a tree structure.

6 Perspective selection

It is possible to switch between different perspectives that are
already in use by clicking on the name of the desired perspec-
tive or selecting it via the Open perspective icon.

(>>> 5.2.3 "Displaying perspectives" Page 55)

7 Package Explorer view

This view contains the projects created and their corresponding
files.
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Iltem | Description

8 Tasks view

The tasks that a user has created are displayed in this view.

Javadoc view

The Javadoc comments about the selected elements of a Java
application are displayed in this view.

Properties view

The properties of the object, e.g. project, frame or tool, selected
in a different view, are displayed in this view.

5.21 Repositioning the views

Procedure

1. Grip the view by the title bar while holding down the left mouse button
and move it to the desired position on the user interface.

The possible positions for the view are indicated here by a gray frame.

2. Release the mouse button when the desired position for the view is
selected.

5.2.2 Closing views and files

Procedure

» Click on the “X” at the top right of the corresponding tab.

5.2.3 Displaying perspectives

Description

The user interface can be displayed in different perspectives. These can
be selected via the menu sequence Window > Open Perspective or by
clicking on the Open Perspective icon.

The perspectives are tailored to different types of work:

Perspective Center of gravity

Programming This perspective has views suitable for editing
Sunrise projects, e.g. for the station configura-
tion, safety configuration and application devel-
opment.

Debug This perspective has views suitable for locating

faults and eliminating programming faults.

Perspectives can be adapted to the needs of the user. Examples:
+ Creating own perspectives

» Showing/hiding views

» Showing/hiding menus

» Showing/hiding menu items

It is possible to save the adapted perspective as a default setting for the
perspective or under a separate name of its own.
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Procedure

To display views in the current perspective:

+ Select the menu sequence Window > Show View and the desired
view.

Further views can be selected by clicking the menu item Other....

To reset the current perspective to the default setting:

+ Select the menu sequence Window > Reset Perspective... and an-
swer the request for confirmation with Yes.

To save user-defined perspectives:

1. Select the menu sequence Window > Save Perspective As....

2. In the Name box, enter a name for the perspective and confirm it with
OK.

If an existing perspective is selected and overwritten, the perspective will
be opened with these settings in the future.

5.24 Toolbar of the Programming perspective

The buttons available as standard on the toolbar depend on the active
perspective. The buttons of the Programming perspective are described

here.
Icon Name/description
P New
) Opens the wizard for creating new documents.
The arrow can be used to open the menu with the available
wizards.
= Save
Saves the currently opened and selected file.
Save All
Saves all files and projects that have been edited since the
last save.
& Print
Opens the menu for printing a file.
S Synchronize project
Synchronizes the selected project with the robot controller.
Py Debug project
Establishes a remote connection to the robot controller in
order to debug an application during ongoing operation.
G New Sunrise project
Opens the wizard for creating a new Sunrise project.
& New Sunrise application
Opens the wizard for creating a new Sunrise application in
the selected project. The wizard contains templates for all
application types and sample applications suitable for the
project.
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Icon

Name/description

New Java package

Opens the wizard for creating a new Java package in the
selected project.

New Java class

Opens the wizard for creating a new Java class in the se-
lected project.

The arrow can be used to open the menu with the available
Java classes.

Search

Opens the wizard to search for words or text modules.

Last Edit Location

Switches to the last edit location in the currently opened
and selected file.

Back to ...

Switches back to the previous edit steps.

Forward to ...

Switches forward again to the subsequent edit steps.

5.3 Creating a Sunrise project with a template

Procedure

1.

Select the menu sequence File > New > Sunrise project. The wizard

for creating a new Sunrise project is opened.

2. Enter the IP address of the robot controller to be created for the Sun-
rise project in the IP address of controller: box.

It is possible to change the address again during subsequent project
configuration.

5.

The following IP address ranges are used by default by the robot
controller for internal purposes. IP addresses from these ranges can-
not therefore be assigned.

— 169.254.0.0 ... 169.254.255.255
- 172.16.0.0 ... 172.16.255.255
- 172.17.0.0 ... 172.17.255.255
— 192.168.0.0 ... 192.168.0.255

Retain the Create new project (offline) setting.

Press Next > to switch to the next page.

Enter a name for the Sunrise project in the Project name: box.
The default directory for projects is given in the Location: box.

A different directory can be selected: to do so, remove the check mark

at Use default location and select Browse.... Then use the Browse
for Folder dialog to select the desired file path and confirm with OK.

Press Next > to switch to the next page.
Select a template from the Topology template list.

The template determines which elements are subsequently
preselected in the station configuration on the Topology tab. Irrespec-
tive of the template that is selected here, all elements are always
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Description
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8.

9.

available on the Topology tab and the preselection can be modified
again as required.

Press Next > to switch to the next page.

If the selected template contains a robot with a media flange, select
the appropriate media flange.

The weight and height of the selected media flange are automatical-

ly taken into consideration by the system software.

As standard, the mounting orientation of a floor-mounted robot is set
(A=0°, B=0°, C=0°).

In the case of a ceiling- or wall-mounted robot, enter the direction of
installation relative to the floor-mounted robot:

a. Rotation about the Z axis in ° (A angle): Rotation of angle A
about the Z axis of the robot base coordinate system (-180° < A <
180°).

b. Rotation about the Y axis in ° (B angle): Rotation of angle B
about the Y axis (-90° < B < 90°). The rotation about the Y axis is
relative to the rotated coordinate system from step a.

c. Rotation about the X axis in ° (C angle): Rotation of angle C
about the X axis (-180° < C < 180°). The rotation about the X axis
is relative to the rotated coordinate system from step b.

(>>> 6.12 "Coordinate systems" Page 95)

The mounting orientation of the robot must be entered correctly. An
incorrectly entered mounting orientation can have the following ef-
fects:

— Unexpected robot behavior under impedance control
— Changed position of previously taught frames

— Prevention of motion enable due to collision detection and TCP
force monitoring

— Unexpected behavior during jogging in the world or base coordi-

nate system

Press Next > to switch to the next page.
A summary of information on the Sunrise project is displayed.

Remove the check mark at Create Sunrise application (starts an-
other wizard) and click on Finish. The Sunrise project is created and
added to the Package Explorer view.

If the check mark has been set at Create Sunrise application (starts
another wizard), the wizard for creation of a new Sunrise application
opens. A first Sunrise application can be created directly for the newly-
created Sunrise project.

The figure shows the structure of a newly created Sunrise project, for

which no Sunrise applications have yet been created or other changes

made. The robot configured for the Sunrise project has a media flange.
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Fig. 5-2: Overview of the project structure

Element

Description

src

Source folder of the project

The created Sunrise applications and Java classes are stored
in the source folder.

The Java package com.kuka.generated.ioAccess contains
the Java class MediaFlangelOGroup.java. The class already
contains the methods required for programming in order to
access the inputs/outputs of the media flange.

(>>> 16.11 "Using inputs/outputs in the program" Page 445)

The source folder also contains various XML files in which, in
addition to the configuration data, the runtime data are saved,
e.g. the frames and tools created by the user.

The XML files can be displayed but not edited.

JRE System Library

System library for Java Runtime Environment

The system library contains the Java class libraries which can
be used for standard Java programming.

Referenced libraries

Referenced libraries

The referenced libraries can be used in the project. As stand-
ard, the robot-specific Java class libraries are automatically
added when a Sunrise project is created. The user has the
option of adding further libraries.

generatedFiles

Folder with subfolder IODescriptions

The data for the inputs/outputs configured for the media
flange are saved in an XML file.

The XML file can be displayed but not edited.

KUKAJavalLib

Folder with special libraries required for robot programming
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Element

Description

I0Configuration.wvs

I/O configuration for the media flange

The I/O configuration contains the complete bus structure of
the media flange, including the 1/O mapping.

The 1/0O configuration can be opened, edited and re-exported
into the Sunrise project in WorkVisual.

Note: The I/O configuration is only carried out automatically
for the inputs/outputs on the media flange. Further EtherCAT
devices connected to the media flange must be configured
with WorkVisual.

(>>> 11 "Bus configuration" Page 223)

SafetyConfiguration.sconf

Safety configuration

The file contains the safety functions preconfigured by KUKA.
The configuration can be displayed and edited.

(>>> 13 "Safety configuration" Page 251)

StationSetup.cat

Station configuration

The file contains the station configuration for the station (con-
troller) selected when the project was created. The configura-
tion can be displayed and edited.

The system software can be installed on the robot controller
via the station configuration.

(>>> 10 "Station configuration and installation" Page 205)

i

The generatedFiles folder is used by the system and must not be used
for saving files created by the user.

54 Sunrise applications

Sunrise applications are Java programs. They define tasks that are to be
executed in a station. They are transferred to the robot controller with the
Sunrise project and can be selected and executed using the smartPAD.

There are 2 kinds of Sunrise applications:

Robot applications

Only one robot application can be executed on the robot controller at
any given time.

Background applications

Multiple background applications can run simultaneously and inde-
pendently of the running robot application.

Sunrise applications are grouped into Java packages. This makes pro-
gramming more transparent and makes it easier to use a Java package
later in other projects.

5.4.1 Creating a new Java package

Description

A Java package can be created independently of a Sunrise application.
The created package does not yet contain any files in this case. An empty
package is indicated by a white package icon. As soon as a package con-
tains files, the icon turns brown.
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Select the desired project in the Package Explorer view.

Select the menu sequence File > New > Package. The wizard for
creating a new Java package is opened.

Enter a name for the package in the Name: box.

Click on Finish. The package is created and inserted into the source
folder for the project.

Creating a robot application with a package

A robot application can be created together with the Java package into
which the application is to be inserted.

Select the desired project in the Package Explorer view.

Select the menu sequence File > New > Sunrise application. The
wizard for creating a new Sunrise application is opened.

Select the template RoboticsAPI Application and click on Finish.
The wizard for creating a new robot application is opened.

In the Package: box, enter the name of the package in which the ap-
plication should be created.

Enter a name for the package in the Name: box.

Click on Finish. The application and package are created and inserted
into the source folder of the project. The Name.java application is
opened in the editor area.

Creating a robot application for an existing package

If the Java package into which a robotic application is to be inserted al-
ready exists, the application can be created for the existing package.

In the Package Explorer view, select the desired package in the
project.

Select the menu sequence File > New > Sunrise application. The
wizard for creating a new Sunrise application is opened.

Select the template RoboticsAPI Application and click on Finish.
The wizard for creating a new robot application is opened.

Enter a name for the package in the Name: box.

Click on Finish. The application is created and inserted into the pack-
age. The Name.java application is opened in the editor area.

Creating a new background application

Background applications are Java programs that are executed on the ro-
bot controller parallel to the robot application. For example, they can per-
form control tasks for peripheral devices.

The use and programming of background applications are described here:
(>>> 17 "Background tasks" Page 551)
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The following properties are defined when the application is created:
+ Start type:

— Automatic

The background application is automatically started after the robot
controller has booted (default).

— Manual

The background application must be started manually via the
smartPAD. (This function is not yet supported.)

+ Execution type:

— Task template Cyclic background task

Template for background applications that are to be executed cycli-
cally (default)

— Task template Non-cyclic background task
Template for background applications that are to be executed once

5441 Creating a background application with a package

Description

Procedure

A background application can be created together with the Java package
into which the application is to be inserted.

1. Select the desired project in the Package Explorer view.

2. Select the menu sequence File > New > Sunrise application. The
wizard for creating a new Sunrise application is opened.

3. Select the template Background task and click on Finish. The wizard
for creating a new background application is opened.

4. In the Package: box, enter the name of the package in which the ap-
plication should be created.

Enter a name for the package in the Name: box.
Click on Next > and select the desired start type.
Click on Next > and select the desired execution type (task template).

Click on Finish. The application and package are created and inserted
into the source folder of the project. The Name.java application is
opened in the editor area.

© N o o

5.4.4.2 Creating a background application for an existing package

Description

Procedure
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If the Java package into which a background application is to be inserted
already exists, the application can be created for the existing package.

1. In the Package Explorer view, select the desired package in the
project.

2. Select the menu sequence File > New > Sunrise application. The
wizard for creating a new Sunrise application is opened.

3. Select the template Background task and click on Finish. The wizard
for creating a new background application is opened.

4. Enter a name for the package in the Name: box.
5. Click on Next > and select the desired start type.
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5.5

5.5.1

Procedure
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6. Click on Next > and select the desired execution type (task template).

7. Click on Finish. The application is created and inserted into the pack-
age. The Name.java application is opened in the editor area.

Setting the robot application as the default application

A default application can be defined for every Sunrise project; it is auto-
matically selected after a reboot of the robot controller or synchronization
of the project.

In the case of an externally controlled project, it is essential to define a
default application. This is automatically selected when the operating
mode is switched to Automatic.

* Right-click on the desired robot application in the Package Explorer
view and select Sunrise > Set as default application from the con-
text menu.

The robot application is indicated as the default application in the
Package Explorer view and automatically set as the default applica-
tion in the project settings.

4 =% SunriseProject
PRE: R
4 B3 application
- |J] Ceckfpp.java
- ) MainApp.java
- 4] Testhpp.java

Fig. 5-3: Default application MainApp.java

Workspace

The directory in which the created projects and user-defined settings for
KUKA Sunrise.Workbench are saved is called the workspace. The directo-
ry for the workspace must be defined by the user when Sunrise.Work-
bench is started for the first time. It is possible to create additional work-
spaces in KUKA Sunrise.Workbench and to switch between them.

Creating a new workspace

1. Select the menu sequence File > Switch Workspace > Other.... The
Workspace Launcher window opens.

2. In the Workspace box, manually enter the path to the new project di-
rectory.

Alternative:
» Click on Browse... to navigate to the directory where the new
workspace should be created.

» Create the new project directory by clicking on Create new folder.
Confirm with OK.
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The path to the new project directory is inserted in the Workspace
box.

3. Click on OK to confirm the new workspace. Sunrise.Workbench re-
starts and the welcome screen opens.

5.5.2 Switching to an existing workspace

Precondition

» Other workspaces are available.

Procedure
1. Select the menu sequence File > Switch Workspace > Other.... The
Workspace Launcher window opens.
2. Navigate to the desired workspace using Browse... and select it.
3. Confirm with OK. The path to the new project directory is applied in
the Workspace Launcher window.
4. Confirm the selected workspace with OK. Sunrise.Workbench restarts
and opens the selected workspace.
5.5.3 Switching between the most recently opened workspaces

Precondition

» Other workspaces are available.

Procedure

1. Select the menu sequence File > Switch Workspace. The most re-
cently used workspaces are displayed in a list (max. 4).

2. Select the desired workspace from the list. KUKA Sunrise.Workbench
restarts and opens the selected workspace.

5.5.4 Archiving projects
Procedure

1. Select the menu sequence File > Export.... The file export wizard
opens.

2. In the General folder, select the Archive File option and click on Next
>,

3. All the projects in the workspace are displayed in a list in the top left-
hand area of the screen. Select the projects to be archived (set check
mark).

4. Click on Browse... to navigate to the desired file location, enter the
file name for the archive and click on Save.

5. Click on Finish. The archive file is being created.

5.5.5 Loading projects from archive to the workspace

Precondition

* An archive file (e.g. a ZIP file) with the projects to be loaded is availa-
ble.
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The workspace does not contain any project with the name of the
project to be loaded.

Procedure

Select the menu sequence File > Import.... The file import wizard

opens.

In the General folder, select the Existing Projects into Workspace

option and click on Next >.

Activate the Select archive file radio button, click on Browse... to

navigate to the desired archive file and select it.

Click on Open. All the projects in the archive are displayed in a list

under Projects.

Select projects to be loaded to the workspace.

The following options specify the selection (set the check mark as re-

quired):

+ Search for embedded projects
The projects from the archive are searched for embedded projects.

« Copying projects to the workspace
The project is copied into the workspace of Sunrise.Workbench
(and thus duplicated). The original project remains unchanged.
Without this option (no check mark), the project remains in the
original directory and is modified by Sunrise.Workbench.

+ Hiding projects already in the workspace
If there are already projects of the same name in the workspace,
these projects are hidden.

6. Click on Finish. The selected projects are loaded.
5.5.6 Loading projects from the directory to the workspace

Precondition

Procedure

One or more projects are available in any directory.

The workspace does not contain any project with the name of the
project to be loaded.

Select the menu sequence File > Import.... The file import wizard
opens.

In the General folder, select the Existing Projects into Workspace
option and click on Next >.

Activate the Select root directory radio button, click on Browse... to
navigate to the desired directory and select it.

Click on OK. All the projects in the selected directory are displayed in
a list under Projects.

Select projects to be loaded to the workspace (check mark must be
set).

Click on Finish. The selected projects are loaded.
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5.6 Sunrise projects with referenced Java projects

i

One or more Java projects can be referenced within a Sunrise project.
The referencing of Java projects allows them to be used in any number of
Sunrise projects and thus on different robot controllers.

The referenced Java projects can in turn reference further Java projects.
Only one Sunrise project may exist among all the cross-referenced
projects.

When Sunrise projects are synchronized, referenced Java projects are
also transferred onto the robot controller. If a further Sunrise project is
referenced within a Sunrise project, synchronization is aborted with an
error message.

5.6.1 Creating a new Java project

Procedure

i

1. Select the menu sequence File > New > Project.... The project crea-
tion wizard opens.

2. In the Java folder, select the Java Project option and click on Next >.
3. Enter the name of the Java project in the Project name box.

4. In the JRE area, select the JRE version that corresponds to the JRE
version of the Sunrise project. This is generally JavaSE-1.6.

5. Click on Next > and then on Finish.

6. The first time a Java project is created in the workspace — or if the
user’s preference has not yet been specified in previous Java projects

— a query is displayed asking whether the Java perspective should be
opened.

+ Select Yes or No as appropriate.

« If the query should not be displayed when the next Java project is
created in the workspace, activate the Remember my decision
option (set check mark).

In the Java projects, all classes which should be referenced externally
must be stored in a defined Java package. If referenced classes are
created in the standard package, they cannot be found in the Sunrise

project.

5.6.1.1 Inserting robot-specific class libraries in a Java project

Description

Precondition
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If a Java project is used for robot programming, the specific KUKA libra-
ries required for this purpose must be inserted into the project. As stand-
ard, these libraries are not contained in a Java project.

The KUKA libraries must be copied from a compatible Sunrise project.
Ideally, this should be a Sunrise project in which the Java project is refer-
enced or will be referenced. The precondition for compatibility of refer-
enced projects is that the RoboticsAPI versions match.

+ At least one compatible Sunrise project is available in the workspace.
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Copy the KUKAJavalib folder of a compatible Sunrise project: Right-
click on the folder in the Package Explorer and select Copy from the
context menu.

Insert the KUKAJaval.ib folder into the Java project: Right-click on
the desired Java project in the Package Explorer and select Insert
from the context menu.

Right-click again on the Java project and select Build Path > Config-
ure Build Path... from the context menu. The Properties for Project
window opens.

Select the Libraries tab in the Java Build Path and click on the Add
JARs... button. The JAR Selection window opens.

All the projects in the workspace are displayed in a list. Expand the
Java project where the referenced libraries are to be inserted.

Expand the KUKAJavaLib folder and select the existing JAR files.

Confirm the selection with OK. The JAR files are inserted on the Li-
braries tab of the build path.

Close the window by clicking on OK. The referenced libraries are in-
serted into the Java project.

Referencing Java projects

The referenced classes are saved in a defined Java package (not in
the standard package).

For Java projects which use referenced KUKA libraries: In the refer-
enced projects, the RoboticsAPI versions must match.

In the Package Explorer, right-click on the project which is to be ref-
erenced for the Java project.

Select Build Path > Configure Build Path... from the context menu.
The Properties for Project window opens.

Select the Projects tab in the Java Build Path and click on the Add
... button. The Required Project Selection window opens.

All the projects in the workspace are displayed in a list. Select the
Java projects to be referenced (set check mark).

Confirm your selection with OK. The selected projects are inserted on
the Projects tab of the build path.

Close the window by clicking on OK.

Canceling the reference to Java projects

References to inadvertently added projects or projects that are not re-
quired (any longer) can be removed.

In the Package Explorer, right-click on the project from which refer-
enced projects should be removed.

Select Properties from the context menu. The Properties for Project
window opens.
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3. Select the Projects tab in the Java Build Path.
4. Select the projects that are not required and click on Remove.
5. Close the window by clicking on OK.

5.7 Renaming an element in the Package Explorer

In the Package Explorer view, the names of inserted elements can be
changed, e.g. the names of projects, Java packages and Java files.

5.71 Renaming a project or Java package

Procedure

1. Right-click on the desired project or Java package. Select Refactoring
> Rename in the context menu. The Rename Java Project or Re-
name Java Package window opens.

2. In the New name box, enter the desired name. Confirm with OK.

5.7.2 Renaming a Java file

Procedure

1. Right-click on the desired Java file. Select Refactoring > Rename in
the context menu. The Rename Compilation Unit window opens.

2. In the New name box, enter the desired name. Click on Finish.

3. Possible conflicts are indicated before the renaming is completed. Af-
ter acknowledging and checking these, click on Finish once more.

5.8 Removing an element from Package Explorer

In the Package Explorer view, inserted elements can be removed again,
e.g. entire projects or individual Java packages and Java files of a project.

5.8.1 Deleting an element from a project

Description

Elements created for a project can be deleted again. The elements are
permanently deleted from the workspace and cannot be restored.

It is also possible to remove some — but not all — of the default elements
of a project.

Procedure

1. Right-click on the element. Select Delete in the context menu.

2. Answer the request for confirmation with OK. The element is deleted.
5.8.2 Removing a project from Package Explorer
Description

With this procedure, a project is only removed from the Package
Explorer and is retained in the directory for the workspace on the data
storage medium.
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5.9

Description

Procedure

5.10

Description
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If required, the project can be reloaded from the directory into the work-
space. The project is then available again in the Package Explorer.

(>>> 5.5.6 "Loading projects from the directory to the workspace"
Page 65)

1. Right-click on the desired project. Select Delete in the context menu.
A request for confirmation is displayed, asking if the project is really to
be deleted.

2. The check box next to Delete project content on disk (cannot be
undone) is activated by default. Leave it like this.

3. Confirm the request for confirmation with OK.

Deleting a project from the workspace

With this procedure, a project is removed from the Package Explorer and
permanently deleted from the directory for the workspace on the data stor-
age medium. The project cannot be restored.

1. Right-click on the desired project. Select Delete in the context menu.
A request for confirmation is displayed, asking if the project is really to
be deleted.

2. Activate the check box next to Delete project content on disk (can-
not be undone).

3. Confirm the request for confirmation with OK.

Activating the automatic change recognition

The automatic change recognition is activated as standard in Sun-
rise.Workbench. If it has been deactivated, this could mean, for example,
that the Java classes and files required for use of the signals may not be
created in when exporting an I/O configuration from WorkVisual.

1. Select the menu sequence Window > User definitions. The User
definitions window is opened.

2. Select General > Workspace in the directory in the left area of the
window.

3. Activate the check box Update via native hooks or polling to acti-
vate the automatic change recognition.

Displaying release notes

The release notes contain information about the versions of the system
software, e.g. new functions or system requirements. They can be dis-
played in the editor.
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Procedure

+ Select the menu sequence Help > Sunrise.OS Release Notes.
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6 Operating the KUKA smartPAD

6.1 KUKA smartPAD teach pendant

The smartPAD is the hand-held control panel for the industrial robot.

The smartPAD has all the operator control and display functions required
for operation.

2 models exist:

« smartPAD
* smartPAD-2

In this documentation, the designation “KUKA smartPAD” or “smartPAD”
refers to both models unless an explicit distinction is made.

6.1.1 smartPAD

6.1.1.1 Front of smartPAD

The smartPAD has a touch screen: the smartHMI can be operated with a
finger or stylus. An external mouse or external keyboard is not necessary.

Fig. 6-1: Front of smartPAD
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Item

Description

1

Button for disconnecting the smartPAD

(>>> 6.2 "Disconnecting and connecting the smartPAD" Page 77)

Mode selector switch. The switch may be one of the following variants:

*  With key
It is only possible to change operating mode if the key is inserted.
*  Without key

The mode selector switch is used to call the connection manager. The connection
manager is used to change the operating mode.

(>>> 6.9 "Changing the operating mode" Page 92)

EMERGENCY STOP device: stops the robot in hazardous situations. The EMERGEN-
CY STOP device locks itself in place when it is pressed.

6D mouse: no function

Jog keys: for jogging the robot
(>>> 6.15.3 "Axis-specific jogging with the jog keys" Page 102)
(>>> 6.15.4 "Cartesian jogging with the jog keys" Page 103)

Key for setting the override
(>>> 6.15.2 "Setting the jog override" Page 101)
(>>> 6.18.3 "Setting the manual override" Page 114)

Main menu key: The main menu key shows and hides the main menu on the smartH-
MI.

(>>> 6.5 "Calling the main menu" Page 87)

User keys: the function of the user keys is freely programmable. Uses of the user
keys include controlling peripheral devices or triggering application-specific actions.

(>>> 6.10 "Activating the user keys" Page 93)

Start key: the Start key is used to start a program. The Start key is also used to man-
ually address frames and to move the robot back onto the path.

(>>> 6.18 "Program execution” Page 111)

10

Start backwards key: no function

11

STOP key: the STOP key is used to stop a program that is running.

12

Keyboard key: no function

m The following applies to the jog keys, the user keys and the Start, Start
backwards and STOP keys:

* The current function is displayed next to the key on the smartHMI.
+ If there is no display, the key is currently without function.
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6.1.1.2 Rear of smartPAD

KUKA
Wi R e

1A/DE

Fig. 6-2: Rear of smartPAD

Item | Description

1 Enabling switches
The enabling switches have 3 positions:
* Not pressed

» Center position
» Fully pressed (panic position)

In operating modes T1, T2 and CRR, the manipulator can only be moved if one of
the enabling switches is held in the central position.

In the Automatic operating mode, the enabling switches have no function.

2 Start key (green): the Start key is used to start a program.

The Start key is also used to manually address frames and to move the robot back
onto the path.

Enabling switches
USB connection: for FAT32-formatted USB sticks
Enabling switches

ol b~ ®

Identification plate
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6.1.2 smartPAD-2

6.1.2.1 Front of smartPAD-2

The smartPAD-2 has a capacitive touch screen: the smartHMI can be op-
erated with a finger or capacitive stylus. An external mouse or external
keyboard is not necessary.

2 &

Fig. 6-3: Front of smartPAD-2

Item | Description

1 2 USB 2.0 interfaces with cover: for NTFS and FAT32-formatted USB sticks

2 Button for disconnecting the smartPAD

(>>> 6.2 "Disconnecting and connecting the smartPAD" Page 77)

3 Mode selector switch. The switch may be one of the following variants:

* With key
It is only possible to change operating mode if the key is inserted.
*  Without key

The mode selector switch is used to call the connection manager. The connection
manager is used to change the operating mode.

(>>> 6.9 "Changing the operating mode" Page 92)

4 EMERGENCY STOP device: stops the robot in hazardous situations. The EMERGEN-
CY STOP device locks itself in place when it is pressed.
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Item | Description
5 6D mouse: no function
6 Jog keys: for jogging the robot
(>>> 6.15.3 "Axis-specific jogging with the jog keys" Page 102)
(>>> 6.15.4 "Cartesian jogging with the jog keys" Page 103)
7 Hand straps with Velcro fastener: when the hand straps are not in use, they can be
pulled in completely.
8 Key for setting the override
(>>> 6.15.2 "Setting the jog override" Page 101)
(>>> 6.18.3 "Setting the manual override" Page 114)
9 Connecting cable
10 [ User keys: the function of the user keys is freely programmable. Uses of the user
keys include controlling peripheral devices or triggering application-specific actions.
(>>> 6.10 "Activating the user keys" Page 93)
11 Start key: the Start key is used to start a program. The Start key is also used to man-
ually address frames and to move the robot back onto the path.
(>>> 6.18 "Program execution" Page 111)
12 | Start backwards key: no function
13 [ STOP key: the STOP key is used to stop a program that is running.
14 [ Keyboard key: no function
15 | Main menu key: the main menu key shows and hides the main menu on the smartH-

MI.
(>>> 6.5 "Calling the main menu" Page 87)

E The following applies to the jog keys, the user keys and the Start, Start
backwards and STOP keys:

» The current function is displayed next to the key on the smartHMI.
« If there is no display, the key is currently without function.
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6.1.2.2 Rear of smartPAD-2

24V11A/DC

Fig. 6-4: Rear of smartPAD-2

Item | Description

1 Press studs for fastening the (optional) carrying strap

Strap, dome
Left-hand dome: holding the smartPAD with the right hand
Enabling switches

Al

The enabling switches have 3 positions:

* Not pressed
* Center position
* Fully pressed (panic position)

In operating modes T1, T2 and CRR, the manipulator can only be moved if one of
the enabling switches is held in the central position.

In the Automatic operating mode, the enabling switches have no function.

5 Start key (green): the Start key is used to start a program.

The Start key is also used to manually address frames and to move the robot back
onto the path.

Enabling switches

Hand straps with Velcro fastener: when the hand straps are not in use, they can be
pulled in completely.
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Item | Description

8 Cover (connection cable cover)

9 Enabling switches

10 | Right-hand dome: holding the smartPAD with the left hand

11 Identification plate

6.2 Disconnecting and connecting the smartPAD

i

The information is applicable for both the smartPAD and the smartPAD-2.

The “smartPAD” and “smartPAD-2" models are compatible with one an-
other, i.e. if one model has been disconnected, then the other model

can then be plugged in.

6.2.1 Disconnecting the smartPAD

Description

Precondition

Procedure

KUKA Sunrise.OS 1.16 Sl

If disconnection of the smartPAD is configured as allowed in the station
configuration of the project that is active on the robot controller, the smart-
PAD can be disconnected while the robot controller is running.

WARNING

Risk of fatal injury due to non-operational EMERGENCY STOP de-
vice

If the smartPAD is disconnected, the system can no longer be switched
off by means of the EMERGENCY STOP device on the smartPAD.
Measures must be taken to prevent operational and non-operational
EMERGENCY STOP devices from being mixed up.

Death, injuries or damage to property may otherwise result.

 If unplugging of the smartPAD is to be allowed, connect at least one

external EMERGENCY STOP device that is accessible at all times
to the robot controller.

+ Immediately remove the unplugged smartPAD from the system and
store it out of sight and reach.

* Do not disconnect the smartPAD with the EMERGENCY STOP

pressed, as the EMERGENCY STOP will remain active in this case
until the robot controller is rebooted:

— Do not use disconnection of the smartPAD to prevent the EMER-
GENCY STOP device on the smartPAD from being released.

— If an EMERGENCY STOP is to be active with the smartPAD dis-

connected, always trigger this EMERGENCY STOP via an exter-
nal EMERGENCY STOP device.

« Disconnection of the smartPAD is allowed.
« The EMERGENCY STOP device on the smartPAD has been released.

1. Press the disconnect button on the smartPAD.
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i

Fig. 6-5: Disconnecting the smartPAD button

A message and a counter are displayed on the smartHMI. The
counter runs for 25 s. During this time, the smartPAD can be discon-
nected from the robot controller.

If the counter expires without the smartPAD having been
disconnected, this has no effect. The disconnect button can be press-
ed again at any time to display the counter again.

2. Disconnect the smartPAD from the robot controller.

If the smartPAD is disconnected without the counter running, this trig-
gers an EMERGENCY STOP. The EMERGENCY STOP can be can-
celed by reconnecting the smartPAD.

6.2.2 Connecting the smartPAD

Description

Procedure
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A smartPAD can be connected at any time. The connected smartPAD as-
sumes the current operating mode of the robot controller. The smartHMI is
automatically displayed again.

The user connecting a smartPAD to the robot controller must
subsequently check whether the smartPAD is operational once again. The
smartPAD is not operational in the following cases:

+ smartHMI is not displayed again.

It may take more than 30 seconds before the smartHMI is displayed
again.

* An error message is displayed in the Safety tile, indicating that there
is a connection error to the smartPAD.

WARNING

Risk of fatal injury due to non-operational EMERGENCY STOP de-
vice

If a non-operational smartPAD remains connected, there is the danger
that the user will attempt to activate a non-operational EMERGENCY
STOP. Death, injuries or damage to property may result.

» Disconnect a non-operational smartPAD and remove it from the sys-
tem immediately.

Connect the smartPAD to the robot controller.

+ The EMERGENCY STOP and enabling switches are operational
again 30 s after connection.
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+ The smartHMI is automatically displayed again. (This may take
longer than 30 s.)

* The connected smartPAD assumes the current operating mode of
the robot controller.

2. Check the functions. The following checks must be performed:

* Function test of EMERGENCY STOP
» Function test for the enabling switches

» Check whether the smartHMI is displayed again. (This may take
longer than 30 s.)

3. If the smartPAD is no longer operational, disconnect it and remove it
from the system.

6.3 Update of the smartPAD software

m This update mechanism is only applicable for the smartPAD model with
3 enabling switches, not for the smartPAD-2. The update of the smart-
PAD-2 software is described in the smartPAD-2 operating instructions.

Description

The smartPAD software version is checked automatically in the following
cases:

* Reboot of robot controller
« Connection of smartPAD to a running robot controller
If the version check reveals a conflict between the smartPAD software and

the system software on the robot controller, the update of the smartPAD
software is started automatically.

m If the smartPAD is connected to the robot controller with the EMER-
GENCY STOP pressed, the running application is paused in AUT mode.
To resume the application:

1. Release EMERGENCY STOP device.
2. Press the Start key.

NOTICE

Material damage due to interruption of the software update
If the software update is interrupted, this may result in damage to the
smartPAD.

* Do not disconnect the smartPAD from the robot controller during the
update.

* Do not disconnect the robot controller from the power supply during
the update.

Procedure

1. No user input may be entered during the smartPAD update.

2. In the case of a successful update, the smartPAD is automatically re-
booted.
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6.4 KUKA smartHMI user interface
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* LBR_iiwa_7 _RB...

HMI State

Connected

Fig. 6-6: KUKA smartHMI user interface
Item | Description

1 Navigation bar: main menu and status display
(>>> 6.4.1 "Navigation bar" Page 81)

2 Display area
Display of the level selected in the navigation bar, here the Sta-
tion level

3 Jogging options button

Displays the current coordinate system for jogging with the jog
keys. Touching the button opens the Jogging options window,
in which the reference coordinate system and further parame-

ters for jogging can be set.

(>>> 6.15.1 "Jogging options” window" Page 99)
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Item

Description

Jog keys display

If axis-specific jogging is selected, the axis numbers are dis-
played here (A1, A2, etc.). If Cartesian jogging is selected, the
coordinate system axes are displayed here (X, Y, Z, A, B, C). In
the case of an LBR, the elbow angle (R) for executing a null
space motion is additionally displayed.

(>>> 6.15 "Jogging the robot" Page 99)

Override button

Indicates the current override. Touching the button opens the
Override window, in which the override can be set.

(>>> 6.13 "“Override” window" Page 96)

Life sign display

A steadily flashing life sign indicates that the smartHMI is ac-
tive.

Language selection button

Indicates the currently set language. Touching the button opens
the Language selection menu, in which the language of the
user interface can be changed.

User group button

Indicates the currently logged-on user group. Touching the but-
ton opens the Login window, in which the user group can be
changed.

(>>> 6.7.1 "Changing user group" Page 91)

User key selection button

Touching the button opens the User key selection window, in
which the currently available user key bars can be selected.

(>>> 6.10 "Activating the user keys" Page 93)

10

Clock button

The clock displays the system time. Touching the button dis-
plays the system time in digital format, together with the current
date.

11

Jogging type button

Displays the currently set mode of the Start key. Touching the
button opens the Jogging type window, in which the mode can
be changed.

(>>> 6.14 "Jogging type” window" Page 97)

12

Back button

Return to the previous view by touching this button.

6.4.1 Navigation bar

The navigation bar is the main menu of the user interface and is divided
into 4 levels. It is used for navigating between the different levels.

Some of the levels are divided into two parts:

* Lower selection list: opens a list for selecting an application, a robot or
an 1/O group, depending on the level.
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» Upper button: if a selection has been made in the list, this button can
be used to display the selected application, robot or 1/O group.

Alternatively, the main menu can be called using the main menu key on
the smartPAD. The main menu contains further menus which cannot be
accessed from the navigation bar.

(>>> 6.5 "Calling the main menu" Page 87)

Overview

Fig. 6-7: KUKA smartHMI navigation bar

Item | Description

1 Station level

Displays the controller name and the selected operating mode
(>>> 6.4.4 "Station level" Page 83)

2 Applications level

Displays the selected robot application
(>>> 6.18.1 "Selecting a robot application” Page 111)

All robot and background applications are listed under Applica-
tions.

3 Robot level

Displays the selected robot
(>>> 6.4.5 "Robot level" Page 85)
4 /O groups level

Displays the selected I/O group

(>>> 6.19.5 "Displaying an I/O group and changing the value of
an output" Page 121)

6.4.2 Status display

The status of the system components is indicated by colored circles on
the smartHMI.

The “collective status” is displayed in the lower part of the navigation bar.
The status of each of the selected components is displayed in the upper
part. For example, it is possible for one application to be executed while
another application is in the error state.
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Status | Description

Q Serious error

The system component cannot be used. The reason for this
may be an operator error or an error in the system compo-
nent.

O Warning

There is a warning for the system component. The operability
of the component may be restricted. It is therefore advisable
to remedy the problem.

For applications, the yellow status indicator means that the
application is paused.

o Status OK

There are no warnings or faults for the system component.

Q Status unknown

The status of the system component cannot be determined.

6.4.3 Keypad

There is a keypad on the smartHMI for entering letters and numbers. The
smartHMI detects when the entry of letters or numbers is required and au-
tomatically displays the appropriate keypad.

Fig. 6-8: Example of keypad

E SYM must be pressed to activate the secondary characters assigned to

“n

the keys, e.g. the “=” character on the “S” key. The key remains activa-

ted for one keystroke. In other words, it does not need to be held down.

6.4.4 Station level

The Station level provides access to information and functionalities which
affect the entire station.
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ProcessData ®
Ok

Fig. 6-9: Station level
Item | Description
1 Process data tile
Opens the Process data view.
2 Safety tile
Indicates the safety status of the station and opens the Safety
sublevel. The sublevel contains the following tiles:
+ Activation
Opens the Activation view for activating and deactivating
the safety configuration. A precondition for activation/deacti-
vation is the user group “Safety maintenance”.
+ State
Opens the State view and displays error messages relating
to the safety controller.
3 Frames tile

Opens the Frames view. The view contains the frames created
for the station.

(>>> 6.17.1 "Frames” view" Page 105)
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Item

Description

Robot controller tile

Indicates the status of the robot controller and opens a suble-
vel. The sublevel contains the following tiles:

* Boot state
Indicates the boot status of the robot controller.
* Field buses

Indicates the status of the field buses. The tile is only dis-
played if I/O groups have been created and corresponding
signals have been mapped with WorkVisual.

+ Backup Manager

Opens the Backup Manager view. The tile is only displayed
if the Backup Manager has been installed.

(>>> 6.20 "Backup Manager" Page 124)
» Virus scanner

Opens the Virus scanner view. The tile is only displayed if
the virus scanner has been installed.

(>>> 21.4 "Displaying messages of the virus scanner”
Page 619)

HMI state tile

Displays the connection status between the smartHMI and the
robot controller.

Information tile

Opens the Information view and displays system information,
e.g. the IP address of the robot controller.

(>>> 6.19.6 "Displaying information about the robot and robot
controller" Page 124)

Log tile

Opens the Log view and displays the logged events and
changes in state of the system. The display can be filtered
based on various criteria.

(>>> 21.2 "Displaying a log" Page 613)

6.4.5 Robot level

The Robot level gives access to information and functionalities which af-
fect the selected robot.
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LBR_iiwa_7_R800_1
Robots/LBR_fiwa_7_R800_1
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Joint Torques

Motion
enabling
Granted

Calibration

Fig. 6-10: Robot level

Item

Description

1

Axis position tile

Opens the Axis position view. The axis-specific actual position
of the robot is displayed.

(>>> 6.19.2 "Displaying the axis-specific actual position"
Page 119)

Cartesian position tile

Opens the Cartesian position view. The Cartesian actual posi-
tion of the robot is displayed.

(>>> 6.19.3 "Displaying the Cartesian actual position"
Page 120)

Axis torques tile

Opens the Axis torques view. The axis torques of the robot
are displayed.

(>>> 6.19.4 "Displaying axis-specific torques" Page 121)

Mastering tile

Opens the Mastering view. The mastering status of the robot
axes is displayed. The axes can be mastered or unmastered in-
dividually.

(>>> 7.3 "Position mastering” Page 132)
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Item | Description

5 Load data tile

Opens the Load data view for automatic load data determina-
tion.

(>>> 7.5 "Determining tool load data" Page 148)

6 Motion enable tile

Displays whether the robot has received the motion enable.

7 Log tile

Opens the Log view and displays the logged events and
changes in state of the system. The display can be filtered
based on various criteria. As standard, the Source(s) filter is al-
ready set on the robot in question.

(>>> 21.2 "Displaying a log" Page 613)

8 Device state tile

Indicates the status of the drive system of the robot.

9 Calibration tile

Opens a sublevel. This contains the following tiles:

+ Base calibration

(>>> 7.4.2 "Base calibration: 3-point method " Page 146)
* Tool calibration

(>>> 7.4.1 "Tool calibration" Page 140)

6.5 Calling the main menu

Procedure

* Press the main menu key on the smartPAD. The Main menu view
opens.

Description

Properties of the Main menu view:

* The main menu is displayed in the left-hand column.
The first 4 buttons are identical to the levels in the navigation bar.

» Touching a button that contains an arrow opens the relevant areas for
the level, e.g. Station.

Further navigation options are described in the following table.
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Main menu

Main menu Station KUKA_Sunrise_Cabinet_1

Station Process data Boot state

Applications Safety Field buses

Robot Frames

1/O groups KUKA_Sunrise_Cabin

iz = ® HMI state

Information

Protocol

Fig. 6-11: Example view of the main menu

Item | Description

1 Back button
Touch this button to return to the view which was visible before
the main menu was opened.

2 Home button
Closes all opened areas.

3 Button for closing the level
Closes the lowest opened level.

4 The views most recently opened from the main menu are dis-

played here (maximum 3).

By touching the view in question, it is possible to switch to
these views again without having to navigate the main menu.
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Setting the user interface language

The user interface on the smartHMI is available in the following languag-

es:

Language Language abbreviation
Chinese (simplified) zh
Danish da
German de
English en
Finnish fi
French fr
Greek el
Italian it
Japanese ja
Korean ko
Dutch nl
Polish pl
Portuguese pt
Romanian ro
Russian ru
Swedish sV
Slovak sk
Slovenian sl
Spanish es
Czech cs
Turkish tr
Hungarian hu

Language selection button

KUKA Sunrise.OS 1.16 SI V3 | Issued: 01.12.2019

The Language selection button on the side panel of the smartHMI (bot-
tom left) can be used to select a different language. The button is labeled
with the abbreviated name of the active language.

Fig. 6-12: Language selection button

1 Language selection button
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Procedure
1. Touch the Language selection button. The Language selection
menu is opened.
2. Select the desired language.
6.7 User groups
Description

User privileges

Different functions can be executed on the robot controller, depending on
the user group.

The following user groups are available as standard:

Operator
The user group “Operator” is the default user group.
Safety maintenance technician

The user “Safety maintenance” is responsible for starting up the safety
equipment of the robot. Only he can modify the safety configuration on
the robot controller.

The user group is protected by means of a password.

If the option Sunrise.RolesRights is used, there is a further user group:

Expert

The user group “Expert” can perform protected functions that can no
longer be performed by the “Operator”.

The user group is protected by means of a password.

If the user group “Expert” is installed, the user rights of the operator are
restricted. The user rights are then assigned as follows:

Function

Safety mainte-

Operator Expert nance

Selecting/deselecting an application

Pausing an application

Moving the robot manually

Selecting an operating mode (T1,

T2, CRR, AUT)

Activating/deactivating/resetting the
safety configuration

Changing the value of an output

Teaching frames

Creating a new frame

Robot mastering/unmastering

0000 O 0090
QOO0 O 09900
QO OO O OO0 0
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6.7.1 Changing user group

Description

When the robot controller is rebooted, the default user group is selected.
The User group button on the side panel of the smartHMI (bottom left)
can be used to switch to a different user group. The button is labeled with
the abbreviated name of the active user group.

Fig. 6-13: User group button

1 User group button

If no actions are carried out on the user interface within 5 minutes, the ro-
bot controller switches to the default user group for safety reasons.

Procedure
Logging on a user group:
1. Touch the User group button. The Login window opens.
2. Select the desired user group.
m If a functionality is called for which the currently logged-on user
group has insufficient rights, the Login window opens automatically.
The required user group is then preset in the window.
3. Enter the password and confirm with Login. The Login window closes
and the selected user group is active.
Logging off a user group:
1. Touch the User group button. The Login window opens.
2. Touch the Log off button. The Login window closes and the default
user group is active again.
6.8 CRR mode - controlled robot retraction
Description

CRR is an operating mode to which the system can be switched when the
robot is stopped by the safety controller for one of the following reasons:
* Robot violates an axis-specific or Cartesian monitoring space.

+ Orientation of a safety-oriented tool is outside the monitored range.

* Robot violates a force or axis torque monitoring function.

» A position sensor is not mastered or referenced.

* An axis torque sensor is not referenced.

Once the operating mode has been switched to CRR, the robot can be
moved again.
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Use

Motion velocity

CRR mode can be used, for example, to retract the robot in the case of a
space or force monitoring violation or to master the robot with a Cartesian
velocity monitoring function active.

If the cause of the stop is no longer present and if no further stop is re-
quested for 4 seconds by one of the specified causes, the operating mode
automatically changes to T1.

The motion velocity of the set working point in CRR mode corresponds to
the jog velocity in T1 mode:

* Program mode: Reduced programmed velocity, maximum 250 mm/s

» Jog mode: Jog velocity, maximum 250 mm/s

* Manual guidance: No limitation of the velocity, but safety-oriented ve-
locity monitoring functions in accordance with the safety configuration

6.9 Changing the operating mode

Description

Precondition

Procedure
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It is possible to change the operating mode while an application is running
on the robot controller. The industrial robot then stops with a safety stop 1
and the application is paused. Once the new operating mode has been
set, the application can resume.

+ If the mode selector switch is the variant with a key: the key is inser-
ted in the switch.

1. Turn the mode selector switch on the smartPAD. The connection man-
ager is displayed.

2. Select the operating mode.
(>>> 3.5.2.1 "Mode selection” Page 38)

3. Return the mode selector switch to its original position.

The selected operating mode is now active and is displayed in the
navigation bar of the smartHMI.
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Operatin
P g Use Velocities
mode
T1 Programming, teaching and testing of « Program verification:
programs. Reduced programmed velocity,
maximum 250 mm/s
» Jog mode:
Jog velocity, maximum 250 mm/s
* Manual guidance:
No limitation of the velocity, but
safety-oriented velocity monitoring
in accordance with the safety con-
figuration
Note: The maximum velocity of
250 mm/s does not apply to a mobile
platform.
T2 Testing of programs « Program verification:
Programmed velocity
* Jog mode: Not possible
AUT Automatic execution of programs . Program operation:
For industrial robots with and without Programmed velocity
higher-level controllers « Jog mode: Not possible
CRR CRR iS an Operating mOde Wh|Ch can . Program Verification:
be selected when the industrial robot .
. Reduced programmed velocity,
is stopped by the safety controller for maximum 250 mm/s
one of the following reasons:
» Jog mode:
* Industrial robot violates an axis- Jog velocity, maximum 250 mm/s
specific or Cartesian monitoring . Manual quidance:
space. 9 '
. . . No limitation of the velocity, but
+ Orientation of a safety-oriented tool . . o
. : . safety-oriented velocity monitoring
is outside the monitored range. . ;
in accordance with the safety con-
* Industrial robot violates a force or figuration
axis torque monitoring function.
» A position sensor is not mastered
or referenced.
* An axis torque sensor is not refer-
enced.
After changing to CRR mode, the in-
dustrial robot may once again be
moved.
6.10 Activating the user keys

Description

The user keys on the smartPAD can be assigned functions. All the user

Operating the KUKA smartPAD

key functions of a running application are available to the operator. In or-
der to be able to use the desired functions, the operator must activate the
corresponding user key bar.
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Procedure
1. Touch the User key selection button on the left side panel of the
smartHMI.
The User key selection window opens. The user key bars currently
available are displayed.
2. Select the desired user key bar by pressing the corresponding name
button.
The text or image on the smartHMI next to the user keys changes ac-
cording to the bar selected. The user keys now have the correspond-
ing functions.
3. Touch the User key selection button or an area outside the window.
The User key selection window closes.
Example
Fig. 6-14: “User key selection” window
1 User key selection button
2 Currently active user key bar
3 Auvailable user key bars
6.11 Resuming the safety controller
Description
If there are connection or periphery errors, the safety controller is paused
(after one or more occurrences depending on the error). Pausing the safe-
ty controller causes the robot to stop and all safe outputs to be switched
off. The application can resume once the error has been eliminated.
Procedure

1. Select the Safety > State tile at the Station level. The State view
opens.

The cause of the error is displayed in the view. The Resume safety
controller button is not active.

2. Eliminate the error. The Resume safety controller button is now acti-
vated.
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3. Touch the Resume safety controller button. The safety controller is
resumed.

Coordinate systems

Coordinate systems or frames determine the position and orientation of an
object in space.

The following coordinate systems are relevant for the robot controller:

+ World

* Robot base
+ Base

+ Flange

* Tool

World coordinate system

The world coordinate system is a permanently defined Cartesian coordi-
nate system. It is the root coordinate system for all other coordinate sys-
tems, in particular for base coordinate systems and the robot base coordi-
nate system.

By default, the world coordinate system is located at the robot base.
Robot base coordinate system

The robot base coordinate system is a Cartesian coordinate system,
which is always located at the robot base. It defines the position of the ro-
bot relative to the world coordinate system.

By default, the robot base coordinate system is identical to the world co-

ordinate system. It is possible to define a rotation of the robot relative to

the world coordinate system by changing the mounting orientation in Sun-
rise.Workbench. By default, the mounting orientation of the floor-mounted

robot is set (A=0°, B=0°, C=0°).

Base coordinate system

In order to define motions in Cartesian space, a reference coordinate sys-
tem (base) must be specified.

As standard, the world coordinate system is used as the base coordinate
system for a motion. Additional base coordinate systems can be defined
relative to the world coordinate system.

(>>> 7.4.2 "Base calibration: 3-point method " Page 146)

Flange coordinate system

The flange coordinate system describes the current position and orienta-
tion of the robot flange center point. It does not have a fixed location and
is moved with the robot.

The flange coordinate system is used as an origin for coordinate systems
which describe tools mounted on the flange.

Tool coordinate system

The tool coordinate system is a Cartesian coordinate system which is lo-
cated at the working point of the mounted tool. This is called the TCP
(Tool Center Point).

Any number of frames can be defined for a tool and can be selected as
the TCP. The origin of the tool coordinate system is generally identical to
the flange coordinate system.

(>>> 9.3.1 "Geometric structure of tools" Page 180)
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Translation

Rotation

6.13

Procedure

Description
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The tool coordinate system is offset to the tool center point during calibra-

tion.

(>>> 7.4.1 "Tool calibration" Page 140)
Position and orientation

In order to determine the position and orientation of an object, translation
and rotation relative to a reference coordinate system are specified. 6 co-

ordinates are used for this purpose.

Coordinate Description

Distance X Translation along the X axis of the reference system
Distance Y Translation along the Y axis of the reference system
Distance Z Translation along the Z axis of the reference system
Coordinate Description

Angle A Rotation about the Z axis of the reference system
Angle B Rotation about the Y axis of the reference system
Angle C Rotation about the X axis of the reference system

“Override” window

To open the Override window:

¢ Touch the Override button.

To close the Override window:

« Touch the Override button or an area outside the window.

@+

Effective program override
: Application

®
@—

Manual

Fig. 6-

15: Override window
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Item | Description

1 Override button

The display on the button depends on the selected option.

2 Set the jog velocity.
(>>> 6.15.2 "Setting the jog override" Page 101)

3 Display of application override

If an application override set by the application is programmed,
this is displayed during program execution.

4 Set the manual override.
(>>> 6.18.3 "Setting the manual override" Page 114)

If no application override is active, the manual override that can
be set here corresponds to the effective program override.

5 Display of effective program override

The following buttons are available:

Option Button Description

When the Set jog override option is selected, the Override
button displays the hand icon and the jog override currently

When the Set manual override option is selected, the Over-
ride button displays the program icon and the manual over-

o< S IE
od B

ride currently set.

6.14 “Jogging type” window
Procedure

Open the Jogging type window:

+ Touch the Jogging type button next to the Start key.
Close the Jogging type window.

+ Touch the Jogging type button or an area outside the window.
Description

The functionality of the Start key can be configured in the Jogging type
window.
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Movement mode

No frame selected —@

Fig. 6-16: “Jogging type” window

Item

Description

1

Jogging type button

The display on the button depends on the selected jogging
type.

Application mode jogging type

In this jogging mode an application can be started by means of
the Start key.

Note: When switching to T2 or Automatic mode, Application
mode is set automatically.

Changing program run mode

(>>> 6.18.2 "Setting the program run mode" Page 113)

Frame name display

The name of the frame is displayed if a frame has been selec-
ted in the Frames view.

Move PTP jogging type

A taught frame can be addressed with a PTP motion by means
of the Start key.

(>>> 6.17.5 "Manually addressing frames" Page 110)

The button for selecting the jogging type is only active if a
frame has been selected in the Frames view.

Note: In the Move PTP jogging type, the Status of the end
frame is taken into consideration. This can cause the axes to
move, even if the end point has already been reached in Carte-
sian form.
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Item | Description

6 Move LIN jogging type

A taught frame can be addressed with a LIN motion by means
of the Start key.

(>>> 6.17.5 "Manually addressing frames" Page 110)

The button for selecting the jogging type is only active if a
frame has been selected in the Frames view.

Note: In the Move LIN jogging type, the Status of the end
frame is not taken into consideration.

7 Open frames view button

Press the button to switch to the Frames view.

Icons

The following icons are displayed on the Jogging type button depending
on the set jogging type:

Icon Description

Application mode jogging type

Move PTP jogging type

Move LIN jogging type

@00

6.15 Jogging the robot

Overview

There are 2 ways of jogging the robot:

+ Cartesian jogging
The set TCP is jogged in the positive or negative direction along the
axes of a coordinate system or rotated about these axes.

+ Axis-specific jogging
Each axis can be moved individually in the positive or negative direc-
tion.

6.15.1 “Jogging options” window

Procedure

Open the Jogging options window:

+ Touch the Jogging options button.

Close the Jogging options window.

* Touch the Jogging options button or an area outside the window.
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Description

All parameters for jogging the robot can be set in the Jogging Options

window.
Tool selection Jogging type

7

o ¢ :
TCP: i H

1. Flange (Root) | World

Base selection
Base:

o D | O

Fig. 6-17: “Jogging options” window

Item | Description

1 Jogging options button
The icon displayed depends on the programmed jogging type.

2 Select the jogging type.

Axis-specific jogging or Cartesian jogging of the robot in differ-
ent coordinate systems is possible. The selected jogging type is
indicated in green and displayed on the Jogging options but-
ton.

+ Axes: The robot is moved by axis-specific jogging.
* World: The selected TCP is moved in the world coordinate
system by means of Cartesian jogging.

+ Base: The selected TCP is moved in the selected base co-
ordinate system by means of Cartesian jogging.

* Tool: The selected TCP is moved in its own tool coordinate
system by means of Cartesian jogging.

3 Select the robot flange or mounted tool. Not possible while an
application is being executed.

The frames of the selected tool can be selected as the TCP for
Cartesian jogging. The set load data of the tool are taken into
consideration.

If a robot application is paused, the tool currently being used in
the application is available under the name Application tool.

(>>> "Application tool" Page 101)
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Item | Description

4 Select the TCP.

All the frames of the selected tool are available as the TCP.
The TCP set here is retained. This is also the case if a different
TCP is active in a paused application.

Exception: If a robot application is paused and the application
tool is set, the manually set TCP is not retained when the appli-
cation is resumed. The TCP changes according to the TCP cur-
rently used in the application.

(>>> "Application tool" Page 101)

5 Base selection. Only possible when the jogging type Base is
selected.

All frames which were designated in Sunrise.Workbench as a
base are available as a base.

The application tool consists of all the frames located below the robot
flange during the runtime. These can be the frames of a tool or work-
piece, for example, that are connected to the robot flange with the attach-
To command. They may also include frames generated in the application
and linked directly or indirectly to the flange during the runtime.

The application tool is then only available in the jogging options when a
robot application is paused, and if a motion command was sent to the ro-
bot controller prior to pausing.

« If the application tool is set in the jogging options, all frames located
hierarchically under the flange coordinate system during the runtime
can be selected as the TCP for jogging. The origin frame of the appli-
cation tool on the robot flange is available under the name Applica-
tionTool(Root) for selection as the TCP for jogging.

« If the application tool is set in the jogging options and the application
resumed, the following occurs: the frame with which the current motion
command is executed in the application is automatically set as the
TCP.

6.15.2 Setting the jog override

Description

Procedure

The jog override determines the velocity of the robot during jogging. The
velocity actually achieved by the robot with a jog override setting of 100%
depends on various factors, including the robot type. However, the velocity
of the set working point cannot exceed 250 mm/s.

1. Touch the Override button. The Override window is opened.
(>>> 6.13 "Override” window" Page 96)
2. Activate the Set jog override option if it is not already active.

Option Description

= Set jog override option activated
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3. Set the desired jog override. It can be set using either the plus/minus
keys or by means of the slider.

* Plus/minus keys: The override can be set in steps to the following
values: 100%, 75%, 50%, 30%, 10%, 5%, 3%, 1%, 0%.

» Slider: The override can be adjusted in 1% steps.

4. Touch the Override button or an area outside the window to close the
window.

Alternative procedure

Alternatively, the override can be set using the plus/minus key on the right
of the smartPAD.

The value can be set in the following steps: 100%, 75%, 50%, 30%, 10%,
5%, 3%, 1%.

6.15.3 Axis-specific jogging with the jog keys

Description

Each robot axis can be moved individually in the positive or negative di-
rection using the jog keys.

A7

A5

A1l

Fig. 6-18: Axis-specific jogging

The positive direction of rotation of the robot axes can be determined us-
ing the right-hand rule. Imagine the cable bundle which runs inside the ro-
bot from the base to the flange. Mentally close the fingers of your right
hand around the cable bundle at the axis in question. Keep your thumb
extended while doing so. Your thumb is now positioned on the cable bun-
dle so that it points in the same direction as the cable bundle runs inside
the axis on its way to the flange. The other fingers of your right hand
point in the positive direction of rotation of the robot axis.
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Precondition

* Axes is selected as the jogging type in the jogging options.
+ The desired jog override is set.
* T1 mode

Procedure

1. Press and hold down the enabling switch.

When motion is enabled, the axis designations next to the jog keys
are highlighted in white.

2. Press the plus or minus jog key of the relevant axis to move the robot
in the positive or negative direction.

6.15.4 Cartesian jogging with the jog keys

Description

The robot can be moved in a Cartesian sense in the world, base or tool
coordinate system using the jog keys.

Precondition

+ World, Base or Tool is selected as the jogging type in the jogging op-
tions.

* In the jogging options, the tool and the desired TCP are selected.

* Only in the case of jogging type Base: the desired base is set in the
jogging options.

E All frames which were designated in Sunrise.Workbench as a base
are available as a base.
(>>> 9.2.2 "Designating a frame as a base" Page 175)

* The desired jog override is set.
* T1 mode

Procedure

1. Press and hold down the enabling switch.
When motion is enabled, the designations next to the jog keys are
highlighted in white.
« X, Y, Z: jog keys for linear motions along the X, Y or Z axis of the
set coordinate system

+ A, B, C: jog keys for rotational motions about the X, Y or Z axis of
the set coordinate system

* R: jog key for null space motion
(>>> 6.15.4.1 "Null space motion" Page 103)

2. Press your chosen plus or minus jog key to move the robot in the
positive or negative direction.

6.15.4.1  Null space motion

Description

A lightweight robot with 7 axes is kinematically redundant. This means
that theoretically, it can move to every point in the work envelope with an
infinite number of axis configurations.
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Properties

Areas of application

Due to the kinematic redundancy, a so-called null space motion can be
carried out during Cartesian jogging. In the null space motion, the axes
are rotated in such a way that the position and orientation of the set TCP
are retained during the motion.

T gy,

Fig. 6-19: Null space motion

» The null space motion is carried out via the “elbow” of the robot arm.
» The position of the elbow is defined by the elbow angle (R).

« In Cartesian jogging with the jog keys, the position of the elbow angle
(R) can be modified.

+ The optimal axis configuration can be set for a given position and ori-
entation of the TCP. This is especially useful in a limited working
space.

* When a software limit switch is reached, you can attempt to move the
robot out of the range of the limit switches by changing the elbow an-

gle.

6.16 Manually guiding the robot

Description
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The robot can be guided using a hand guiding device.
Examples of hand guiding devices:

* Media flange "Touch"

+ Foot switch as an enabling device

It is possible to use manual guidance as standard in all operating modes
except CRR. In the station configuration, however, it is possible to config-
ure manual guidance as not allowed in Automatic mode and/or in the test
modes.
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A CAUTION

In manual guidance, incorrectly selected parameters (e.g. incorrect load
data, incorrect tool) or incorrect information (e.g. from defective axis tor-
que sensors) can be interpreted as external forces. This can result in
unpredictable motions of the robot.

A CAUTION

If the robot is manually guided, an EMERGENCY STOP device must be

installed. It must always be within reach of the operator.

Precondition

* A hand guiding device with safety-oriented enabling device (enabling
switch) is present and configured.

* Manual guidance is configured as allowed in the set operating mode.
(>>> 10.4.2 "Handguiding Support" Page 209)

* No application is selected or the application has been paused.
An application is paused if it has one of the following states:

— Selected
— Motion paused
— Error
E If the enabling signal for manual guidance is issued while the
application is active, this enabling signal results in the application being
paused.
Procedure
1. Press and hold down the enabling switch on the hand guiding device.
2. Guide the TCP to the desired position.
3. Once the position has been reached, release the enabling switch.
6.17 Frame management
6.17.1 “Frames” view
Procedure
To open the view:
» Select Frames at the Station level. The Frames view opens.
Description

The view contains the frames created for the station. Additional frames
can be created and the frames taught here. The position and orientation
of a frame in space and the associated redundancy information are recor-
ded during teaching.

+ Taught frames can be addressed manually.

+ Taught frames can be used as end points of motions. If an application
is run and the end frame of a motion is addressed, this is selected in
the Frames view.

(>>> 6.19.1 "Displaying the end frame of the motion currently being
executed" Page 118)
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Frames
Station/Frames
o B

B > > |
(2N ) [y ;
S ol ol ol o | &
3 | = — =R
S | = i =

| Tool [TCP: Gripper/TCP
Changed: 1403.2017 | 00:38:31 |

Fig. 6-20: Frames view

Item | Description

1 Frame path

Path to the frames of the currently displayed hierarchy level:
Goes from World to the direct parent frame (here Box)

2 Frames of the current hierarchy level

A frame can be selected by touching it. The frame selected
here is marked with a hand icon. The hand icon means that
this frame can be used as the base for jogging and can be cali-
brated.

3 Properties of the selected frame

* Name of the frame

+ Comment

» Tool used while teaching the frame

+ Date and time of the last modification

4 Create frame button

Creates a frame at the currently displayed hierarchy level.

5 Create child frame button

The button can be used to create a child frame for a selected
frame. If no frame is selected, the button is disabled.
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Item | Description

6 Set base for jogging button

The button sets the selected frame as the base for jogging in
the jogging options.

(>>> 6.15.1 "Jogging options” window" Page 99)

The button is only active if the Base jogging type is selected

from the jogging options and the selected frame is marked as
the base in Sunrise.Workbench.

7 Touchup button

A selected frame can be taught. If no frame is selected, the
button is disabled.

8 Display child frames button
The button displays the direct child elements of a frame.

The button is only active if a frame has child elements.

Frame coordinates with reference to the parent frame

10 Magnifying glass button

The magnifying glass button is only active if an application is
running and the end frame of a motion is being addressed. Use

the button to switch to this end frame if it is not yet displayed.

6.17.2 Creating a frame

Description

If the desired TCP is moved to the position of a new frame, the frame is
taught directly on creation. In other words, when a frame is created, the
position and orientation of the TCP that is currently selected in the jogging
options are automatically applied as frame coordinates.

Precondition

* The tool with the desired TCP is set in the jogging options.
(>>> 6.15.1 "Jogging options” window" Page 99)

m The application tool is only available in the jogging options if the ro-
bot application is paused. For this reason, use of the application tool
for teaching frames is not recommended.

The tool corresponding to the current application tool (object tem-
plate of the tool) is also available for selection in the jogging op-
tions. Teaching can be carried out with this tool instead of the appli-
cation tool.

« T1 mode

Procedure

Creating a new frame:

1. Move the TCP to the desired position of the new frame.

2. Press the Create frame button. The current TCP coordinates are ap-
plied for the frame.
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i

i

In extreme poses, i.e. if an axis is situated at the edge of, or out-
side, the permissible axis range, no frame can be created. A corre-
sponding error message is displayed. In this case, move the axis
out of the extreme position and address the desired position again.

3. If a child frame is to be created directly for the newly-created frame,
move the TCP to the desired position of the new child frame.

4. Press the Create child frame button. The current TCP coordinates
are applied for the child frame.
Creating a new child frame:

1. Select the frame for which a child frame is to be created.
2. Move the TCP to the desired position of the new child frame.

3. Press the Create child frame button. The current TCP coordinates
are applied for the child frame.

In extreme poses, i.e. if an axis is situated at the edge of, or out-
side, the permissible axis range, no frame can be created. A corre-
sponding error message is displayed. In this case, move the axis
out of the extreme position and address the desired position again.

6.17.3 Reteaching frames

Description

i

Precondition

i

Procedure
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The coordinates of a frame can be modified on the smartHMI. This is
done by moving to the new position of the frame with the desired TCP
and teaching the frame. In the process, the new position and orientation
are applied.

Once the frames have been taught, it is advisable to synchronize the
project immediately in order to update the frame data in the correspond-
ing project in Sunrise.Workbench.

* The tool with the desired TCP is set in the jogging options.
(>>> 6.15.1 "Jogging options” window" Page 99)

The application tool is only available in the jogging options if the ro-
bot application is paused. For this reason, use of the application tool
for teaching frames is not recommended.

The tool corresponding to the current application tool (object tem-
plate of the tool) is also available for selection in the jogging op-
tions. Teaching can be carried out with this tool instead of the appli-
cation tool.

« T1 mode

1. Move the TCP to the desired position of the frame.
2. In the Frames view, select the frame whose position is to be taught.

3. Press Touchup to apply the current TCP coordinates to the selected
frame.

4. The coordinates and redundancy information of the taught point are
displayed in the Apply touchup data dialog. Press Apply to save the
new values.
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A If a frame is changed, the change affects all applications in which the
frame is used. Modified programs must always be tested first in Manual
Reduced Velocity mode (T1).

@_

Apply touchup data

Do you want to apply the following data to frame “Framel™?

Vomes T e P

X [mm] 0.00 -3.31 -3.31
Y 0.00 0.00 0.00
z 0.00 1250.99  1250.99
A [=] 0.00 -1.24 -1.24
B 0.00 -0.24 -0.24
[ H 0.00 0.01 0.01
— Redundancy angle [=1 -0.05
— Cartesian distance [mm] 1251.00
MmO | [ [ITINTTI 1 RN
Yem o ._....l__00101001 00101001 ;
— Tool Handhold Handhold
TCP name i /

Reference coordinate system used from jogging settings:

— Base World

Fig. 6-21: Apply touchup data

Item

Description

1

Values saved up to now

New values

Changes between the values saved until now and new values

2
3
4

Base for jogging

All coordinate values of the frame which are displayed in the di-
alog refer to the jogging base set in the jogging options. These
values generally differ from the coordinate values of the frame
with respect to its parent frame.

(>>> 6.15.1 "Jogging options” window" Page 99)

Information on the robot and tool used during teaching

These frame properties are adopted by Sunrise.Workbench
when the project is synchronized.

Redundancy informationon on the taught point

These frame properties are