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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen
ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had not, received ndtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at
prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical CommitteexISO/TC 299, Robotics, in collaboration| with the

European
technolog
[SO and C

This third
revised.

The main

addit
modd
clarif
robot

testn

Committee for Standardization (CEN) Technical Committee CEN/TC 310, Advanced ayitomation
fes and their applications, in accordance with the Agreement on technical cooperatior] between
EN (Vienna Agreement).

| edition cancels and replaces the.second edition (ISO 10218-1:2011), which has been t¢chnically

changes are as follows:

onal requirements for design;

requirements;

ying requireménts for functional safety;

classificatign (Class I and Class II) for functional safety requirements;

hethodology to determine the maximum force per manipulator for Class I robots;

addin

grequirements for cybersecurity to the extent that it applies to industrial robot safety;

incorporating safety requirements for industrial robots intended for use in collaborative applications
(formerly, the content of ISO/TS 15066).

Alist of all parts in the ISO 10218 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 10218 series has been created in recognition of the hazards that are presented by robotics in an
industrial environment. This document addresses robots as partly completed machinery, while ISO 10218-2
addresses robots integrated into machinery (robot applications and cells).

This document is a type-C standard according to ISO 12100.

This document is of relevance for the following stakeholder groups representing the market players
regarding robot safety:

— robot manufacturers (small, medium and large enterprises);

— robof{application integrators (small, medium and large enterprises);
— health and safety bodies (regulators, accident prevention organisations, market surveillance, ¢tc.).

Others cap be affected by the level of safety achieved with the means of the document by the above entioned
stakeholder groups:

— robof{application users/employers (small, medium and large enterprises);
— robof{application users/employees (e.g. trade unions);
— servite providers, e.g. for maintenance (small, medium and large €nterprises);

The above-mentioned stakeholder groups have been given the ‘possibility to participate in th¢ drafting
process of this document.

Robots arld the extent to which hazards, hazardous situations’ or hazardous events are covered are|indicated
in the Scope of this document.

When prgvisions of a type-C standard are different ffom those that are stated in type-A or type-B standards,
the provisions of the type-C standard take precedence over the provisions of the other standards for
machines|that have been designed and built in.accordance with the provisions of the type-C standard.

In recognftion of the variable nature of hazards with different uses of industrial robots, the ISO 10L18 series
is divided into two parts. This document provides requirements for safety of the robot. For safety of the
integratiqn and commissioning of industrial robot applications, ISO 10218-2:2025 provides reqjiirements
for the sgafeguarding of operators;during integration, commissioning, functional testing, programming,
operation, maintenance and repair.

The ISO 40218 series deals-with robotics in an industrial environment, which is comprised of workplaces
where the public is exCluded and the allowed people (operators) are working adults. Other $tandards
cover topjcs such as_general characteristics, coordinate systems and axis motions, mechanical |nterfaces
performapce criteriatand related testing methods, and end-effectors.

For ease ¢f readting this document, the words “robot” and “robot application” refer to “industrial fobot” and
“industriglrobot application” as defined in this document.

This document has been updated based on experience gained since the release of the ISO 10218 series in
2011. This document remains aligned with the minimum requirements of a harmonized type-C standard for
robots in an industrial environment.

Where appropriate, ISO/TS 15066:2016 on the safety of collaborative robot applications was added to the
ISO 10218 series. Because human-robot collaboration relates to the application and not to the robot alone,
most of the requirements of ISO/TS 15066 have been incorporated into ISO 10218-2:2025. Safety functions
that enable a collaborative task can be part of the robot or can be provided by a protective device, or a
combination.

It is important to emphasize that the terms “collaborative operation” and “collaborative robot” are not used
in this document. Only the application can be developed, verified and validated as a collaborative application.

© IS0 2025 - All rights reserved
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Robotics — Safety requirements —

Part 1:
Industrial robots

1

Scope

This dochiment specifies requirements for the inherently safe design, risk reductiom'mieaqures and

informatipn for use of robots for an industrial environment.
This docyment addresses the robot as an incomplete machine.

This docyment is not applicable to the following uses and products:

NOTE1 [Requirements for robgtintegration and robot applications are covered in ISO 10218-2:2025.

undefrwater;

law epforcement;

militgry (defence);

airbofne and space robots, including outer space;
medi¢al robots;

healthcare robots;

prosthetics and other aids for the physically.impaired;
servige robots, which provide a serviceté.a person and as such where the public can have accgss;
consymer products, as this is household use to which the public can have access;

lifting or transporting people.

NOTE 2 |Additional hazards)can be created by robot applications (e.g. welding, laser cutting, machining). These

hazards aile addressed duking robot application design. See ISO 10218-2:2025.

This docyment dealsiwith the significant hazards, hazardous situations or hazardous events whgn used as
intended pnd under‘specified conditions of misuse which are reasonably foreseeable by the manufpcturer.

This docyment does not cover the hazards related to:

severe conditions (e.g. extreme climates, freezer use, strong magnetic fields) outside of manufacturer’s
specifications;

underground use;

use that has hygienic requirements;

use in nuclear environments;

use in potentially explosive environments;

mobility when robots or manipulators are fixed to or part of driverless industrial trucks;

© IS0 2025 - All rights reserved
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— mobility when robots or manipulators are fixed to or part of mobile platforms;

— use in environments with ionizing and non-ionizing radiation levels;

— hazardous ionizing and non-ionizing radiation;

— handling loads the nature of which can lead to dangerous situations (e.g. molten metals, acids/bases,
radiating materials);

— handling or lifting or transporting people;

— when the public, all ages or non-working adults have access (e.g. service robots, consumer products).

Noise em

excluded

This docu

2 Normative references

The folloy
requirem
the latest

ISO 3864
signs and

ISO 3864
safety lab

ISO 3864
symbols fd

[SO 3864
properties

[SO 4413:
[SO 4414

ssionis generallu nat cansidered a siagnificant hazard ofthoe rohat alone and canseaguent
T -5 e y—o~ T e S oot e G Ot H e O B OO S e T+ ererette

'rom the scope of this document.

ment is not applicable to robots that are manufactured before the date of its publication,

ving documents are referred to in the text in such a way that some or.all their content c
ents of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

r use in safety signs

4:2011, Graphical symbols — Safety coldurs and safety signs — Part 4: Colorimetric and pH
of safety sign materials

010, Hydraulic fluid power — General rules and safety requirements for systems and their cd

2010, Pneumatic fluid power — General rules and safety requirements for systems

y noise is

bnstitutes
bferences,

for safety

1:2011, Graphical symbols — Safety colours and safety signs<— Part 1: Design principles

Kafety markings

2:2016, Graphical symbols — Safety colours and safety'signs — Part 2: Design principles for product
bls

3:2024, Graphical symbols — Safety colours and\sdfety signs — Part 3: Design principles for

graphical

otometric

mponents

and their

iction

responses

componerts

ISO 7010:R019, Graphical symbels — Safety colours and safety signs — Registered safety signs

[SO 9283:(1998, Manipulating industrial robots — Performance criteria and related test methods

[SO 12100:2010, Safetyrof machinery — General principles for design — Risk assessment and risk red
[SO 13732-1:2006;*Ergonomics of the thermal environment — Methods for the assessment of human
to contac with surfaces — Part 1: Hot surfaces

1SO 13732-32665Frgonomicsof the-thermatenvironment—mfethodsfor-the-assessnment-of-rman

to contact with surfaces — Part 3: Cold surfaces

responses

[SO 13849-1:2023, Safety of machinery — Safety-related parts of control systems — Part 1: General principles

for design

ISO 13850:2015, Safety of machinery — Emergency stop function — Principles for design

[SO 14118:2017, Safety of machinery — Prevention of unexpected start-up

[SO 14119:2024, Safety of machinery — Interlocking devices associated with guards — Principles for design and

selection

© IS0 2025 - All rights reserved
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[SO 14120:2015, Safety of machinery — Guards — General requirements for the design and construction of fixed
and movable guards
ISO 19353:2019, Safety of machinery — Fire prevention and fire protection
[SO 20607:2019, Safety of machinery — Instruction handbook — General drafting principles

[SO 20643:2005/Amd 1:2012, Mechanical vibration — Hand-held and hand-guided machinery — Principles for
evaluation of vibration emission

IEC 60073:2002, Basic and safety principles for man-machine interface, marking and identification — Coding
principles for indication devices and actuators

[EC 6020#1-2016+AMD 12021 Sufety of mruchimery—Ftectricut equiprmerntof Tmochimes— Part: General
requiremgnts

IEC 60947-5-8:2020, Low-voltage switchgear and controlgear — Part 5-8: Control circuit deyices and|switching
elements 1— Three-position enabling switches

[EC 6131Q-1:2007, Safety of machinery — Indication, marking and actuation — Part 1: Requirements|for visual,
acoustic dnd tactile signals

[EC 6131(-2:2007, Safety of machinery — Indication, marking and actuation —@®drt 2: Requirements fdr marking

IEC 6131(-3:2007, Safety of machinery — Indication, marking and actuation — Part 3: Requiremefts for the
location a£d operation of actuators

IEC 61508-2:2010, Functional safety of electrical/electronic/ programmable electronic safety-relatdd systems
— Part 2:|Requirements for electrical/ electronic/ programmable.electronic safety-related systems

IEC 62061:2021, Safety of machinery — Functional safety ofsafety-related control systems

IEC 62745:2017, Safety of machinery — Requirements. for cableless control systems of machinery

3 Terms, definitions and abbreviated terms
For the pyrposes of this document, the terms and definitions given in ISO 12100:2010 and the following apply.
SO and I[EC maintain terminology ddtabases for use in standardization at the following addresses

— ISO Opnline browsing platform:available at https://www.iso.org/obp;

— IEC E]ectropedia: available at https://www.electropedia.org/

3.1 Tenms and definitions

3.1.1 Rpbot, robot system, robot application, application

3.1.1.1
industriatenvironment
workplace where the public is restricted from access or not reasonably expected to be present for the
intended tasks and robot application(s) (3.1.1.4)

Note 1 to entry: This includes manufacturing, laboratory, pharmaceutical, warehousing, logistics, and more.

© IS0 2025 - All rights reserved
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3.1.1.2

industrial robot

robot

automatically controlled, reprogrammable multipurpose manipulator(s) (3.1.2.5), programmable in three
or more axes (3.1.2.1), which can be either fixed in place or fixed to a mobile platform (3.1.2.8) for use in
automation applications (3.1.1.5) in an industrial environment (3.1.1.1)

Note 1 to entry: The industrial robot includes:
— the manipulator(s) (3.1.2.5), including robot actuators (3.1.2.10) controlled by the robot control;

— the robot control; and

i the Mmgdarrs to LUdL}l U proglhdill LllC I U‘UUL, illl,lul,‘lillg dlly LUIlllIlulliLdLiUllb illLCl fdbt' (lldl Clel [S] dllli bUfL al‘e).
Note 2 to gntry: This includes any axes that are integrated into the kinematic solution.
Note 3 to entry: A mobile robot consists of a mobile platform (3.1.2.8) with an integrated manipulator(3.1.2.%) or robot.

3.1.1.3
robot sydtem

industrigl robot system
industrial{ robot (3.1.1.2), end-effector(s) (3.1.2.3), and any end-effector semsors and equipment needed to
support the end-effector(s) (3.1.2.3)

Note 1 to gntry: Examples of equipment are vision systems, adhesive dispensing, weld control.

3.1.1.4
robot application

industrigl robot application
machine ¢omprising an industrial robot system (3.1.1.3), workpieces, task program (3.1.4.2), and machinery
and equigment to support the application (3.1.1.5) and intended tasks

3.1.1.5
applicatipn
intended fise and purpose of the robot (3.1.1.2)or robot application (3.1.1.4), i.e. the process, the tagk(s)

EXAMPLE Manipulating, processing, machining, inspection, spot welding, painting, assembly, palletizing.

3.1.1.6
collaborgtive application
applicatiops (3.1.1.5) that contains one or more collaborative task(s) (3.1.1.7)

Note 1 to gntry: Collaborative.applications can include non-collaborative tasks.

3.1.1.7
collaborgtive task
portion of the robot’'sequence where both the robot application (3.1.1.4) and operator(s) (3.1.7.2) 4re within
the same fafeguiarded space (3.1.9.5)

3.1.1.8
robot cell

industrial robot cell

one or more robot applications (3.1.1.4) including any obstacle or object that has influence on the risk
assessment of the intended use, associated safeguarded space(s) (3.1.9.5) and safeguards (3.1.10.4)

3.1.2 Sub-assemblies and components

3.1.21

axis

actuated (e.g. rotating about a pivot, moving linearly) mechanical joint that provides at least one degree
of freedom

© IS0 2025 - All rights reserved
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3.1.2.2
auxiliary axis
axis (3.1.2.1) that is not physically part of the manipulator (3.1.2.5) and is controlled by the robot (3.1.1.2)

Note 1 to entry: Controlled means that there is a feedback signal(s) to enable closed loop control by the robot (3.1.1.2).

3.1.2.3

end-effector

device specifically designed for attachment to the mechanical interface (3.1.2.7) to enable the robot
application (3.1.1.4) to perform its task

EXAMPLE Gripper, welding gun, spray gun.

Note 1 to gntry: End-elfectors are sometimes kKnown as end-oi-arm tooling (EUAT]J.

3.1.2.4

gripper
end-effectpr (3.1.2.3) designed for seizing and holding workpieces

Note 1 to| entry: Various types of grippers and the terms grip, grasp, grasping and. teleasing are defined in
SO 1453912000.

[SOURCE:|ISO 14539:2000, 4.1.2, modified — Note 1 to entry has been added.]

3.1.2.5
manipuljtor
mechanisin consisting of an arrangement of segments, jointed or sliding relative to one another

Note 1 to gntry: Robot actuators (3.1.2.10) can constitute parts of a manipulator.

3.1.2.6
mass perymanipulator
M
mass of all moving parts of the manipulator (3.1.2.5)

3.1.2.7
mechanigal interface
mounting surface at the end of the manipuldator (3.1.2.5) to which the end-effector (3.1.2.3) is attached

3.1.2.8
mobile platform
assembly|of the components which enables locomotion and provides the structure to affix or integrate a
manipulator (3.1.2.5) or robot{3.1.1.2)

3.1.2.9
payload
mass of all that is dttached to the manipulator (3.1.2.5), including the end-effector (3.1.2.3) and workpiece

Note 1 to pntry:(The payload can be attached to, but is not limited to, the mechanical interface (3.1.2.7)| of a robot
(3.1.1.2).

3.1.2.10
robot actuator
powered mechanism that converts energy to effect motion

Note 1 to entry: Energy can be electrical, hydraulic, pneumatic or more.

3.1.2.11

tool centre point

TCP

point defined for a given application (3.1.1.5) relative to the mechanical interface (3.1.2.7) coordinate system.

Note 1 to entry: The TCP setting defines the location of the TCP relative to the mechanical interface (3.1.2.7).

© IS0 2025 - All rights reserved
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3.1.3 Controls-related

3.1.3.1

control station

enclosure

which contains one or more control devices intended to activate or deactivate functions

Note 1 to entry: The control station can be fixed in place (e.g. control panel) or can be movable (pendant (3.1.3.2) or
teach pendant (3.1.3.3) which can be referred to as a portable control station).

3.1.3.2
pendant

hand-held control station (3.1.3.1)

3.1.3.3

teach pelLdant

pendant (|

Note 1 to
and no act

Note 2 to ¢
(3.1.1.4).

3.1.3.4
direct co

movemenjt or operation effected by the control station (3.1.3.1) that is\part of the robot (3.1.1.2)

Note 1 to 4

3.1.3.5
external

movemenft or operation effected by the control station (8¥1.3.1) not a part of the robot (3.1.1.2)

Note 1 to d
Note 2 to 4

3.1.3.6

singularity

occurren

Note 1 to
maintain (
produce hi

3.1.3.7
span-of-¢
predeterr
under cor

B.1.3.2) with which a robot (3.1.1.2) can be programmed, moved or actuated

entry: Hand-held units or devices which only have the capability of displaying parameters (e.g.
hation capabilities), are not considered to be control stations (3.1.3.1) or teach pendauts (3.1.3.3).

ntry: The teach pendant can be linked to the end-effector (3.1.2.3) and other/parts of the robot

ntrol

ntry: Previously direct control was known as local control of the robot (3.1.1.2).

control

ntry: Previously external control was knownas remote control of the robot (3.1.1.2).

ntry: See [SO 10218-2:2025 for requirements of remote control.

e whenever the rank of the\Jacobian matrix becomes less than full rank

entry: Mathematically,in a’singular configuration, the joint velocity in joint space can become
artesian velocity. In-actual operation, motions defined in Cartesian space that pass near singul
gh axis speeds. Thesehigh axis speeds can be unexpected to an operator (3.1.7.2).

ontrol
hined portion of a robot (3.1.1.2), robot application (3.1.1.4), robot cell (3.1.1.8) or machin
trol 6f-a specific device for a safety function (3.1.8.1)

no motion

ipplication

infinite to
Arities can

ery that is

Note 1 to ¢

ntry: Protective devices (3.1.10.5) and emergency stop devices could initiate a stop of a machine, g

portion of

a machine,

3.1.3.8
simultan

or partly completed machinery, i.e. a robot (3.1.1.2).

eous motion

motion of two or more robots (3.1.1.2) at the same time under the control of a single robot, which can be
coordinated or can be synchronous

© IS0 2025 - All rights reserved
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3.1.3.9

mode

operating mode

characterization of the way and the extent to which the operator (3.1.7.2) interacts with the control
equipment

Note 1 to entry: Mode refers to the control state, e.g. manual mode (3.1.3.10), automatic mode (3.1.3.11).

3.1.3.10
manual mode
control state that allows control directly by an operator (3.1.7.2)

Note 1 to entry: Sometimes this is referred to as teach mode where program points, program logic and attributes are set.

3.1.3.11
automatic mode
control stpte that allows executing programmed tasks

3.1.3.12
masquerpde
true sourge of a message is not correctly identified

Note 1 to gntry: For example, a message from a non-safety element is incorrectly idéntified as a message frgm a safety
element.

[SOURCE;IEC 61508-2:2010, 7.4.11.1]

3.1.4 Program-related

3.14.1
control program
inherent et of instructions that defines the capabiliti€s, actions, and responses of a robot (3.1.1.2)

Note 1 to gntry: This type of program is fixed and usually not modified by the user (3.1.7.3).

3.1.4.2
task program
set of insfructions for motion and auxiliary functions that define the specific intended task of|the robot
applicatiop (3.1.1.4)

Note 1 to gntry: This type of progranris generated during integration (3.1.7.1) or by the use.
Note 2 to gntry: The task program can include functions of other machinery within the robot application (31.1.4).

3.1.4.3
teach

programthing of the' task manually by positioning of the manipulator (3.1.2.5), or by using a teach pendant
(3.1.3.3) 1o moverthe robot (3.1.1.2) through positions, or program without causing motion, or by using an
external device'for off-line programming

Note 1 to entry: Manually positioning can be referred to as "lead-through teaching” using hand-guided control (HGC).

3.1.4.4
program verification
execution of a task program (3.1.4.2) for confirming the robot (3.1.1.2) path and process performance

Note 1 to entry: Program verification can include the total path traced by the tool centre point (TCP) (3.1.2.11) during
the execution of a task program (3.1.4.2) or a segment of the path. The instructions can be executed in a single
instruction or continuous instruction sequence. Program verification is used in new applications (3.1.1.5) and in fine-
tuning/editing existing applications (3.1.1.5).

© IS0 2025 - All rights reserved
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3.1.5 Power-, energy-related

3.1.5.1

drive power
energy enabling the robot actuators (3.1.2.10) to apply force or torque

3.1.5.2

energy source
electrical, mechanical, hydraulic, pneumatic, chemical, thermal, potential, kinetic or other type of source
that is capable of supplying power

3.1.6 Hazard-related

3.1.6.1
hazard
potential

Note 1 to

source of harm

entry: The term “hazard” can be qualified in order to define its origin (for example, mechani

electrical azard) or the nature of the potential harm (for example, electric shock hazard, cutting hazard, to

fire hazard

Note 2 to 4

— lisper

electr

— canay

start-
[SOURCE:
3.1.6.2

).
ntry: The hazard envisaged by this definition either

manently present during the intended use of the machine (for example/miotion of hazardous movin
ic arc during a welding phase, unhealthy posture, noise emission,digh temperature), or

pear unexpectedly (for example, explosion, crushing hazard asa consequence of an unintended/u
1p, ejection as a consequence of a breakage, fall as a consequiénce of acceleration/deceleration).

[SO 12100:2010, 3.6, NOTE 3 has been deleted]

hazardoI:Ls motion

moveme

3.1.6.3

that can cause personal physical injury-or damage to health

hazardouys situation

circumstd
Note 1 to €

[SOURCE:

3.1.7 R

3.1.71
integrati

nce in which a person is exppsed to at least one hazard (3.1.6.1)
ntry: The exposure can resdlt)in harm immediately or over a period of time.

[SO 12100:2010, 3.10]

ple-related

o1

applicati

5(3.1.1.4) to form a robot cell (3.1.1.8) capable of performing useful work

act of co;Fbining a robot (3.1.1.2), with other equipment or another machine including additic

al hazard,
kic hazard,

b elements,

nexpected

nal robot

Note 1 to entry: This act of machine building can include the requirements for the installation of the mac
equipment associated with applications (3.1.1.5).

3.1.7.2
operator

hinery and

person using, operating, adjusting, maintaining, cleaning, repairing, troubleshooting, transporting,
commissioning and disassembling

Note 1 to entry: This definition includes person or persons that can be expected at or near machinery, even if not
performing a task associated with the specific machine.

© IS0 2025 - All rights reserved
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entity that uses robot applications (3.1.1.4) and robot cells (3.1.1.8) and is responsible for the operator(s)

(3.1.7.2) a

ssociated with the robot applications (3.1.1.4) and robot cells (3.1.1.8)

3.1.8 Functional safety-related

3.1.8.1

safety function
function of the machine whose failure can result in an immediate increase of the risk(s) (3.1.10.1)

[SOURCE:

ISO 13849-1:2023, 3.1.27]

3.1.8.2

emergen
emergen
function t

— avert
progt

Cy stop
Cy stop function
hat is intended to

arising or reduce existing hazards (3.1.6.1) to persons, damage to mfachinery or t
ess, and

— beinftiated by a single human action

Note 1 to 4
[SOURCE:

3.1.8.3
protectiy
interrupt

3.1.8.4
monitorg

safety fun

Note 1 to 4

3.1.8.5
monitorg

safety fun

3.1.8.6
reduced-

safety fun

3.1.8.7
single-pg
single so
ability to

ntry: ISO 13850 gives detailed provisions.
[SO 12100:2010, 3.40]

e stop
on of operation intended to reduce risks

d-standstill
rtion (3.1.8.1) that monitors the abseneé.of motion while drive power is active

ntry: Previously, “monitored-standstill*was called “safety-rated monitored stop”.

d-speed
rtion (3.1.8.1) that limits'the speed to a configured value

speed
rtion (3.1.8.1) that'limits the speed to be no greater than 250 mm/s

int-of:control
irce of-control
operate such that initiation of motion is only possible from one source of control and

overridd

n ffom anathor initiatign courca

work in

rannot be

3.1.8.8
software

-based limiting

safety function(s) (3.1.8.1) with monitored limit(s) placed on the range of motion of the robot (3.1.1.2) or

other equ

3.1.89

ipment

safety function input
input signal having a specified safety-related performance

© IS0 2025 - All rights reserved
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safety function output
output signal having a specified safety-related performance

3.1.9 Spaces, zones and distances

3.19.1

maximum space
space that can be reached by the moving parts of the robot (3.1.1.2)

Note 1 to entry: In the context of this document, maximum space applies to the robot (3.1.1.2). See Annex B, Figure B.2
for a figure of the robot (3.1.1.2) space.

Note 2 to
robot appli

Note 3 to 4

3.1.9.2

operatin
portion o
program |

Note 1 to 4

3.1.9.3
restricte
portion o

Note 1 to ¢
end-effectd

Note 2 to 4
the end-eff]

3.1.94

limiting device

means th
space (3.1

Note 1 to
motion. In
designed 1

Note 2 to ¢
See safegu

3.1.9.5
safeguar
space wh

bntry: In the context of ISO 10218-2:2025, maximum space applies to either the robot systefn(
cation (3.1.1.4). See Annex B, Figure B.1 and Figure B.3 for figures of spaces.

ntry: In the context of mobile platforms (3.1.2.8), maximum space is indeterminate.

s space
f the restricted space (3.1.9.3) that is used while performing all motions commanded b
3.1.4.2)

ntry: In the context of this document, operating space applies to the robot (3.1.1.2).

d space
fthe maximum space (3.1.9.1) restricted by limiting deyices (3.1.9.4)

ntry: When the restricted space refers to the robot system (3.1.1.3), this includes the space read
r(3.1.2.3), see ISO 10218-2:2025.

ntry: When the restricted space refers to the Kebot application (3.1.1.4), this includes the space
pctor (3.1.2.3) and workpiece(s), see ISO 10218-2:2025.

it reduces the range of motion to a portion of the maximum space (3.1.9.1), resulting in the
.9.3)

entry: [SO 12100:2010, 3.28!8 has a broader definition of a limiting device, which encompasses
ISO 12100, it is a device that prevents a machine or hazardous machine condition(s) from e
mit (such as space limit, pressure limit, load moment limit, etc.).

ntry: Limiting,device(s) can be fulfilled by safety function(s) (3.1.8.1), e.g. software-based limitin
hrd (3.1.10.4),

ded space
bre-sdfeguards (3.1.10.4) are active or where the perimeter safeguard provides protectior

3.1.1.3) or

y the task

hed by the

‘eached by

restricted

more than
kceeding a

j (3.1.8.8).

Note 1 to entry: This sometimes refers to the space within perimeter safeguarding (3.1.10.3).

Note 2 to entry: This can change dynamically.

3.1.9.6

separation distance
shortest permissible distance between any moving hazardous part of the robot application (3.1.1.4) and any
operator (3.1.7.2)

Note 1 to entry: This value can be fixed or variable.
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3.1.10 Riskreduction measures

3.1.10.1
risk

combination of the probability of occurrence of harm and the severity of that harm

[SOURCE:
3.1.10.2

[SO 12100:2010, 3.12]

risk reduction measure
protective measure
measure intended to achieve risk reduction, implemented:

— byth
infor

— by th
provi

[SOURCE:
Note 1 to d

3.1.10.3

safeguar
protectiv
reasonab
measures

[SOURCE:

3.1.10.4
safeguar
guards or

Note 1 to
example:

— interl
— sensit
— safety]
— limitin
— limite
[SOURCE:
3.1.10.5

e designer (inherently safe design, safeguarding (3.1.10.3) and complementary protective I
mation for use); and/or

e user (3.1.7.3) (organization: safe working procedures, supervision, permitto“work
sion and use of additional safeguards (3.1.10.4); use of personal protective equipment; tr{

[SO 12100:2010, 3.19, with addition of alternate term “risk reduction measure”]
ntry: In the context of this document, “designer” is the robot manufacturer.
ding

b measure using safeguards (3.1.10.4) to protect persons/from the hazards (3.1.6.1) th
y be eliminated or risks (3.1.10.1) which cannot be sufficiently reduced by inherently s3

[SO 12100:2010, 3.21]

d
protective devices (3.1.10.5)

entry: Protective devices (3.1.10.5) include a broad range of means to reduce or control risks (3.

cking devices for guards;
ve protective equipment (§PE}(3.1.10.6);
function (3.1.8.1) that replace a protective device (3.1.10.5);
g devices (3.1.9.49;
d movement.control device.

[SO 12100:2010, 3.26, modified — Note 1 to entry has been added.]

neasures,

systems;
hining).

at cannot
\fe design

1.10.1), for

protectiv

adavica
c-aTvree

safeguards (3.1.10.4) other than a guard

Note 1 to entry: Examples of types of protective devices are provided in 3.28.1 to 3.28.9 of ISO 12100:2010.

[SOURCE:

[SO 12100:2010, 3.18, modified — Note 1 to entry has been adapted.]
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sensitive protective equipment

SPE

equipment for detecting persons or parts of persons that generates an appropriate signal to the control
system to reduce risk (3.1.10.1) to the persons detected

[SOURCE:

[SO 12100:2010, 3.28.5, modified — Note 1 to entry has been deleted.]

3.1.11 Verification and validation

3.1.11.1

verification

confirma

Note 1 to
analysis, o

[SOURCE;

addition qf a new Note 1 to entry.]

3.1.11.2
validatio|

confirmation, through the provision of objective evidence, that the requirements for a specific int
or applicdtion (3.1.1.5) have been fulfilled

Note 1 to entry: Validation determines if the specification accomplishes what was intended, e.g. that a specif
acceptabld for its purpose. Validation includes functional testing.

[SOURCE:

addition qf a new Note 1 to entry.]

3.2 Abbreviated terms and symbols

fom, througtrthe provisiomr of objective evidence; thatspecified Tequirements trave beerr

entry: Verification determines if the design meets its specification, e.g. through review, me:
I inspection.

ISO 9000:2015, 3.8.12, modified — modified by the deletion of Notes 1, 2, and 3 to entj

n

ISO 9000:2015, 3.8.13, modified —modified by the deletion of Notes 1, 2, and 3 to ent

fulfilled

surement,

y and the

bnded use

ied limitis

y and the

Abbreviated term or
symbol Term
3P 3-position, [enabling device)]
Cat Category
Class Classification
DC Diagnostic coverage
EMC Electromagnetic compatibility
EMI Electromagnetic interference
FMEA Failure modes and effects analysis
EfpM maximum force per manipulator
HFT Hardware fault tolerance
HGC Hand-guided control
M Mass per manipulator
Ny Mean number of annual operations
PFH Average frequency of a dangerous failure per hour
PFL Power and force limiting
PL Performance level
PLa Performance level a
PLb Performance level b
PLc Performance level ¢
PLd Performance level d
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Abbreviated term or
symbol Term
PLe Performance level e
SCS Safety-related control system
SIL Safety integrity level
SIL 1 Safety integrity level 1
SIL 2 Safety integrity level 2
SRP/CS Safety-related parts of control system
SSM Speed and separation monitoring
SPE Sensitive protective equipment
TCP Tool centre point
TCP/UDP Transmission control protocol/ user datagram protocol
4 Risklassessment
A risk asspssment in accordance with ISO 12100:2010 shall be performed for thexobot.

NOTE 1
reduction.

NOTE 2
requireme

5 Design and risk reduction measures

5.1 Rol

51.1 @
The robot
Forriskr

NOTE
51.2 M

5.1.2.1

Robots s}
to fatigue
transport]

ISO 12100:2010 provides requirements and guidance in performing-hazard identificatior

Annex A contains a list of hazards that can be present with robéts. For robot application and
nts, see ISO 10218-2:2025.

pot design

eneral
shall be designed in accordance with [SO 12100:2010.
pduction measures concerning information, see Clause 7.

See IEC 60812:2018 and other similar standards for information about failure mode and effects
aterials, mechanical strength and mechanical design

General

all be designed and constructed to prevent hazardous situation(s) that result from f3

ation, installation, operating conditions and maintenance in accordance with the informatid

and risk

robot cell

hnalysis.

jilure due

and wear. Design and construction shall take into account the lifecycle of the intended use (e.g.

n for use).

5.1.2.2

Materials

The materials of the robot shall:

a) be selected to be appropriate for the intended use of the robot (e.g. resistance to corrosion, abrasion,

impacts, temperatures, fatigue, brittleness, ageing);
b) notendanger persons' safety or health;

c¢) benon-toxic in all reasonably foreseeable conditions of use;

d) notbe prone to brittle fracture, excessive deformation, or emission of toxic or flammable fumes;
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e) retain their properties in the reasonably foreseeable range of climatic and workplace conditions,
including temperature variations or sudden changes.

Where fluids are used, machinery shall be designed and constructed to prevent risks due to filling, use,
recovery or draining.

5.1.2.3

Mechanical strength

The robot shall be designed and constructed to:

— withstand an overload in static tests without permanent deformation or patent defect, where strength
calculations shall have a minimum static test coefficient of 1,25;

— unde

Dynamic fests shall be performed at the maximum speeds. If simultaneous motion can bé\prograry
tests shal] be done using the least favourable conditions.

5.1.2.4

Robots siall be designed and constructed so that exposed sharp edges,Cshiarp corners, and |
projectio

Hazardous mechanisms that enable motion (e.g. power transmissioh components) shall be in
mounted jnside the robot frame such that they are inaccessible.

Exposure|to hazards caused by power transmission components such as motor shafts, gears, drivj
linkages that are not protected by integral covers (e.g. panel, over a gear box) shall be prevented|
fixed guafds or movable guards in accordance with ISO 14120:2015. The fixing systems of the fix
that are iptended to be removed for routine service actions by users or operators shall remain af
the robot|or the guard. Movable guards shall be intetlocked with the hazardous movements in s
that the hpzardous machine functions cease before they can be reached.

If these nlechanical design measures are notpracticable when considering the robot construction
informatipn for use shall state that these risks shall be reduced during the integration.

NOTE

The design shall ensure that errfoss when fitting or refitting parts, that can be a source of risK
prevented. If not practicable, the)information for use shall be provided at least on the parts themsg
or their hpusings.

5.1.3

Hazards ¢

Mechanical design

s are reduced.

Hiandling, lifting’and transportation

Hazards derived from the movement of the robot application are addressed in ISO 10218-2:2025|

'go, without failure, dynamic tests using the maximum unit payload multiplied by the dyﬂlamic test
coefficient, where the dynamic test coefficient shall be at least 1,1.

hmed, the

azardous

stalled or

e belts, or
either by
bd guards
tached to
ich a way

, then the

, shall be
lves and/

lue to sudden movements or instability such that tipping and falling-over during transport, lifting
and handling of;the robot or its component parts, shall be prevented if they are handled in accord
the instryctions for use.

hnce with

One or more of the following measures shall be provided for lifting and shall be adequate for handling the
anticipated load:

— appropriate design;

— additional support elements;

— adequate packaging.

Provisions for handling and lifting the robot and its associated components shall be provided and shall be
adequate for handling the anticipated load.

EXAMPLE Lifting hooks, eye bolts, threaded holes, fork pockets.
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For robots and any part of the robot intended to be handled separately whose weight does not exceed 23 kg
and are designed for handling by one person, instructions may be sufficient for safe transport, lifting and
handling.

NOTE See EN 1005-2 for manual handling of machinery and components parts of machinery.

5.1.4 Packaging

The robot, and any part of the robot intended to be handled separately, shall be designed or packaged such
that the robot and its parts can be handled without injury and stored without damage when handled and
stored in accordance with the information for use.

5.1.5 Sfability

Robots sHfall be stable for installation, operation, use, disassembly and dismantling such that'tipping and
falling-over are prevented by specified mounting to affix the robot securely.

5.1.6 Temperature and fire risks

The design of the robot shall be such that the temperatures of accessible surfaces are in accordance with
[SO 13732-1:2006 and 1SO 13732-3:2005.

NOTE1 [ISO/TS 13732-2:2001 contains guidance on methods for the assessment of human responses|to contact
with surfafes at moderate temperatures.

=

Where there is a risk of fire or overheating, the design principles 0£1SO 19353:2019 shall be applie

NOTE 2 |[Conforming with ISO 19353:2019 could require safety function(s).

5.1.7 Special equipment

Special equipment and accessories to enable the robot to be adjusted, maintained and used safelly shall be
supplied ¢r made available.

NOTE Usual workplace equipment (e.g. ladders, spanners, screwdrivers, hexagonal keys) is not considered to be
special eqliipment.

5.1.8 Ppsition holding

If the los§ of power can lead toya hazard due to gravity affecting the manipulator, the robot shpll have a
means fof maintaining robefposition without drive power (e.g. brakes, pins, or other technology).

The means for maintaihing robot position without drive power shall use appropriate design njargins in
accordang¢e with 5.1.2<A method shall be provided for testing the position holding means if failpre of the
position Qolding niéans can cause a hazardous situation, e.g. unexpected movement of the manipulator. A
position Holdingsmonitoring safety function may be provided for testing of the position holding.

NOTE1 |[See 5.3.4 for failure or fault detection when position holding is provided by a safety function.

NOTE 2  See 5.1.10 about power loss or change.

5.1.9 Auxiliary axis (axes)

Auxiliary axis (axes) is an optional capability. An auxiliary axis can be part of the robot’s overall kinematic
solution, allowing for coordination with the manipulator kinematics.

The means of position holding that is provided with auxiliary axis (axes) shall be in accordance with 5.1.8.

Auxiliary axes that are associated with lifting or holding a suspended mass, (e.g. machinery, sub-assemblies,
equipment, the robot, a payload) shall conform with relevant requirements in this document (e.g. 5.1.1, 5.1.2,
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mode,ﬁe E]ui?ergntsiof reduced-speed (5.5.3.1) shall apply to the auxiliary axis (axes).

When a monitored-speed safety function is provided with the robot, this safety function (see 5.5.3.2) shall
also be provided for the auxiliary axis (axes).

Axis limiting shall be provided in accordance with 5.7 when the auxiliary axis (axes) is included in the three
axes of greatest (largest) displacement motions.

5.1.10 Power loss or change

Loss or change of electrical, hydraulic or pneumatic power to the robot shall not result in a hazardous

situation. Rn mitiation nfnn‘_/«'rnr Shau not lnad to-a hazardnuc situation fhrnugh

........................

— any npovement(s); or
— achapge of safety-related parameters.
The robof shall conform to ISO 14118:2017 to prevent unexpected start-up.

NOTE See IEC 60204-1:2016+AMD1:2021 for electrical power supply requirements. See 1SO 441B:2010 for
hydraulicsjand ISO 4414:2010 for pneumatics requirements.

5.1.11 Cpmponent malfunction

Robot components shall be designed, constructed, secured, or contained in accordance with 5.1{2, so that
risks cauded by breaking, loosening, or releasing, including those related to stored energy, are redficed to an
acceptablg level.

5.1.12 zardous energy

Stored enfergy shall not cause hazardous situation(s}»& means shall be provided to prevent uncontrolled or
hazardous release of stored energy. If the hazardeus energy is potential (e.g. spring balancer, gas palancer),
the robotkhall have means to secure it in a position that can be either the energized or de-energized position.

The robof shall be fitted with means to iselate it from all energy supply sources. This means shall he capable
of being l9cked or secured.

Safe reledse or containment shall bé provided in accordance with ISO 14118:2017.
A label shpll be affixed to identify-the stored energy hazard.

Where axes (e.g. robot, aGxiliary) can move due to gravity, means shall be applied either to pr¢vent axis
motion of to ensure that resulting motions can be initiated and result in a de-energized podition in a
controlled way. Safety‘unction(s) for position holding (see 5.1.8) may be provided to prevent un¢ontrolled
or hazardous reledse'of stored energy.

NOTE1 [Hazardous energy can take many forms, e.g. kinetic, gravity, electrical, pneumatic, hydraulif, thermal,
chemical. The-sources of these energies can sometimes be readily identified. However, often the sources ar¢ hidden or
not obvio s—accttiatorscapacitorsbatteries springseounterbalanees; heelsheatasanettedme due to

7 i,

friction or other reactions.

NOTE 2 Energy saving capabilities, e.g., energy recovery or regeneration locally at the robot or back to the local
mains electrical supply, can be a source of stored energy.

NOTE 3 This document does not cover hazards associated with nuclear, potential explosive environments, and
radiation. See Scope 1.

NOTE4 Preventing axis movement can be provided by securely fixing with bolts, holding brackets with sufficient
design margin, etc.
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Figure 1 shows an example of stored energy in a spring balancer. A hazardous situation can occur when a
motor is removed, even though the energy supply to the robot is isolated. Upon release, the unexpected motion of the
robot due to the energy in the spring balancer can cause injury, e.g. crushing, entrapment.

Key
1  spring
a  Motoy
b Motio

5.1.13 E
The electi
The pneu
The hydr:

NOTE 1
(e.g. IEC6

Electrical
can lead t
likelihood

NOTE 2

Electrical

F balancer
removal (direction of motion removal).
n direction.

Figure 1 — Example of stored energy'in a spring balancer

ectrical, pneumatic and hydraulic parts

ical parts shall be in accordance with the'relevant requirements of IEC 60204-1:2016+ANID1:2021.

matic equipment shall be in accordance with the relevant requirements of 1ISO 4414:2010}

iulic equipment shall be in accordance with the relevant requirements of ISO 4413:2010.

For requirements relatedto.specific sub-assemblies and components, see the relevant IEC or [SO|
269 series, [EC 60947 series, ISO 13850:2015).

pneumatic and hydraulic connectors shall be selected to prevent erroneous connection
o a hazardous-situation. Where this is not practicable, connectors shall be labelled to
of erroneouS:connection(s).

See IEC60204-1:2016+AMD1:2021, 13.4.5 for requirements for plug-socket combinations.

préumatic and hydraulic connectors that can cause a hazard if they are separated or if t

away sha

standards

when this
essen the

hey break

1 be designed and implemented to prevent unintended separation.

5.1.14 Tool centre point (TCP) setting

If a TCP setting is needed for a safety function, it shall be possible for a TCP setting to be entered in
accordance with 5.3.5.

Failure to enter the TCP setting when required shall result in a warning to enter a value. Upon manual reset
of the warning, the program may continue. After the manual reset of the warning, subsequent warnings are
not required.

The range of acceptable values shall be limited.
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If the robot has a TCP monitored-speed safety function, a TCP offset setting can be necessary.

NOTE1 TCP settings are the dimensional values that define the location of the TCP relative to the mechanical
interface to enable the TCP to be controlled (e.g. speed, pose, axis limits).

NOTE 2  If the robot and auxiliary axes are being operated in coordination with one another, each individual axis
can move at different speeds, and this includes the auxiliary axis.

5.1.15 Payload setting

If a payload setting is needed for a safety function, it shall be possible for a payload setting to be entered in
accordance with 5.3.5.

Failure td enter the payload setting when required shall result in a warning to enter a value. Upgn manual
reset of the warning, programming or parameterization may continue. After the manual Jceget of the
warning, subsequent warnings are not required.

The rangg of acceptable values shall be limited.

5.1.16 Cybersecurity

A cybersgcurity threat assessment shall be conducted. If the cybersecurity-threat assessment|identifies
that a thrpat can result in safety risk(s), cybersecurity measures shall beprovided to prevent unauthorized
access to[the control system of the robot plus its hardware, software,Japplication software ard related
configuraftion data.

NOTE1 |The means to prevent unauthorized access can include the.following:

— ability to disable access to communications ports, e.g. Transmission Control Protocol/ User Datagram Protocol
(TCP/[UDP) port;

— ability to change the TCP/UDP port number, e.g. logicalconnection;
— authepticated protection of the safety configuratien;

— ability to change the default configuration (e/g usernames user passwords, IP addresses, safety autherftication);
— use oflencrypted and authenticated protoeaols.
NOTE 2 |For guidance about IT-secupity:{cybersecurity) aspects and ISO 12100:2010, see ISO/TR 22100-4:2018.
NOTE 3 |For information aboutsecurity aspects related to functional safety, see IEC TS 63074: 2023.

NOTE4 |[For information.and requirements about the security risk assessment for system dpsign, see
IEC 62443}3-2:2020.

5.1.17 Robot class

Robots shall bé&elassified as either Class I or Class II. Classification as a Class I robot shall be detefmined in

accordan¢e-with Table 1, by the maximum capability of the manipulator without being limited by robot or
Safety function S based onthe Fn"nuring values:

a) mass per manipulator (M);
b) maximum achievable speed;
¢) maximum force per manipulator (Fypy) in accordance with the test methodology in Annex E.

NOTE1 M,Maximumachievable speed,and Fyp) are notused for determining risk or suitability for use in collaborative
applications (see ISO 10218-2:2025). These are factors solely used in determining if a robot is a Class I robot.
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The mass per manipulator (M) shall be determined by measurement of the weight of the moveable parts of
the manipulator without its fixed base. When the manipulator is intended to be used in applications where
the base moves, the mass per manipulator including the base and its fastenings shall be provided.

NOTE 2  Applications where the base moves can include mounting the manipulator (including its base) to a mobile
platform, track, gantry, etc.

Class I robots shall fulfil all the following requirements:
— mass per manipulator (M) shall be 10 kg or less; and

— maximum achievable speed shall be 250 mm/s or less; and

3 £, H lak L A oball L
I maXl,llulll ITULICUT lJCl lllallllJbllClLUl Ll MPMJ 211AIl U

Robots mpy be classified as a Class II robot without performing testing in accordance with Annex E. In this
case, the fobot shall meet the requirements of Class Il robots including the functional safety requirements in
accordang¢e with 5.3 and Annex C.

A robot shall be classified as Class Il if it meets any one of the requirements for Class)lI'in Table 1.

Table 1 — Robot class

Robot Mass per I\r/lnaaxlgn::igtf(?:gg : pe)r Maximum speed
Class manipulator (M) [kg] p N MPM, [mm/s]
I 10 and under 50 and under 250 and under
II Over 10 Overd0 Over 250
NQTE

M |s the mass per manipulator.
Sep Annex E for M test methodology.
If ;aultiple manipulators are provided, M is per manipulator.

Sep Reference [20] study in FP 0317 (Mainz Stiidy) for derivation of the 50 N maximum force per manipulafor
value (Fypp)-

a | Maximum force is with a manipulator-minimum contact area of 1 cm2[31.[20],

[

Refference [20] FP 0317 (Mainz Study):the third quartile of the 29 body parts that were considered (except hdad
anf neck) study FP 0317 shows thatjforces of around 50 N are below pain onset independent of pressure (exc¢pt
nepdles and knives). Thereforej the 50 N limit can be applied as a general borderline between robot class I and I1.

5.2 Controls

5.2.1 General

Control systems:-shall be designed so that reasonably foreseeable human error during operatior] does not
lead to halzardous situations.

5.2.2 Protection from unexpected start-up

The means for the prevention of unexpected start-up shall conform to ISO 14118:2017. Control functions
to prevent unexpected start-up shall be implemented and control devices, if provided, shall be located
appropriately.

Unexpected start-up due to a start command that is the result of a failure in or an external influence on the
control system shall be avoided by appropriate control system design in accordance with the requirements
of 5.3, 5.4 and 5.5.

Unexpected start-up due to a start command generated by inopportune action on a start control or other
parts of the machine such as a sensor or a power control element shall be prevented by a start/restart
interlock function in accordance with 5.5.2.1.
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Unexpected start-up due to restoration of the power supply after an interruption shall be prevented by a
start/restart interlock function in accordance with 5.5.2.1.

NOTE See Annex I and Figure I.1.

5.2.3 Singularity

Motions defined in Cartesian space that pass near singularities can produce unexpected axis speeds and
motions. Prior to the occurrence of a singularity, the robot shall fulfil one of the following:

a) control motion and speed to avoid a singularity or have no hazardous motion while passing through the
singularity;

b) task program execution stops without further motion, a warning is provided, and recovetry from the
stop fequires a manual restart;

c¢) geneiate an audible or visible warning signal and continue to pass through the singularity with speeds
limited in accordance with reduced-speed (5.5.3.1).

NOTE Risks due to singularity can occur in manual mode (5.2.7.2) and when capabilities used|to enable
collaborat{ve applications (5.10) are active.

5.2.4 Interlocking devices
Interlocking devices associated with guards shall conform to ISO 14119:2024.

NOTE See 5.5.2.

5.2.5 Status indication and warning devices

Status of|the robot shall be unambiguously indicatedror signalled. When provided, indicator$ shall be
suitable fpr the installed location and shall meet the rgquirements of [EC 60204-1:2016+AMD1:2021.

When pr¢vided, warning devices (e.g. audible*and visual) shall be in accordance with 1SO 12/100:2010,
IEC 60204-1:2016+AMD1:2021 and IEC 60073:2002.

NOTE [EC 60073:2002 contains the basic and safety principles for man-machine interface, mdarking and
identificatjon - coding principles for indication devices and actuators. IEC 61310 series is specific tq safety of

machinery| with requirements for indication, marking and actuation. The IEC 61310 series is normatively feferenced
in IEC 602P4-1:2016+AMD1:2021.

5.2.6 Labelling

Control dg¢vices, indicators and displays shall be labelled to clearly indicate their function (e.g. poyer on “|”,
power offf“0”, in accqrdance with I[EC 60204-1:2016+AMD1:2021 and [EC 60073:2002).

NOTE See Arntrex F.

5.2.7 Modes

5.2.7.1 Automatic

The robot shall have an automatic mode for execution of the task program. When a task program is executed
in automatic mode, the relevant configured safety functions shall be active. Any detected stop condition
shall result in a stop for all moveable parts of the robot.

If HGC is provided for use while in automatic mode, movements using Hand-Guided Control (HGC) shall be in
accordance with 5.10.2.

Initiating automatic operation shall be in accordance with 5.2.9.
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Manual

General

Robot movements shall only be possible in accordance with 5.2.8 utilizing a single-point-of-control.

NOTE 1

NOTE 2

For information about movement without drive power, see 5.8.

For the requirements of single-point-of-control, see 5.5.1.

These movements can be manual movements by an operator or robot movements by the robot control.

If HGC is provided for use while in manual mode, movements using Hand-Guided Control (HGC) shall be in

accordang¢e with 5.10.2.

NOTE 3
active, the
HGC are nj
motion).

5.2.7.2.2

The roboI shall have a reduced-speed manual mode for jogging, teaching, programming and
n

verificati
NOTE 1

Robot mo

device in pccordance with 5.5.4 and with reduced-speed in accerdance with 5.5.3.1.

Automatif operation shall be prevented when the robot is'ih manual mode.

NOTE 2

5.2.7.2.3

The robot
speed ma

When hig
a) mean

b) mean
canb

c) displ

d) moni

ovements caused by the robot control (i.e. motion is initiated by HGC to the robot ¢ontrol for m

Reduced-speed

For the requirements of speed limiting, see 5.5.3.

vements using the teach pendant shall only be possible during the actuation of the 3F

Previously, reduced-speed manual mode was als0 known as manual reduced-speed, T1 or teach

High-speed

may have a high-speed manual‘mode, where the speed may be greater than reduced-sp
hual mode is intended only for verification of programmed tasks (see [SO 10218-2:2025)

h-speed manual mode is-provided, the robot shall have all the following:
s to select and activate’high-speed manual mode in accordance with 5.2.7.3;

s to manually increase the speed in multiple steps, starting from the reduced-speed sett
e 250 mm/s.orlower;

y of the@ctual speed;

fored speed safety function in accordance with 5.5.3.2 that is active;

Manual movement of the robot is when movement is caused by an operator using HGC~(i.e."when HGC is
human effort of pushing/pulling causes the manipulator motion). Robot movements in.manual thode using

anipulator

program

enabling

ped. High-

ing which

O L 4

e) separ

s ot fot ol 3 3 TH N 2D Ll | H 3 sl AN
atC—STar ¢ STtO P COTICT OT TIT COTIUTICTIOTT v It o o1 CTTaoTHiTg aCvICCTIT acCoTUrarCCvw It O 00T,

f) speed limit that shall be no greater than the reduced-speed setting:

— u

pon selection or activation of high-speed manual mode;

— ifthe 3P enabling device is released for five (5) minutes or more, where the high-speed time limitation
safety function has a minimum functional safety performance of PL a (Annex C, Table C.2);

g) safety function output when high-speed manual mode is active.

The robot may have one or both of the following capabilities:

— the means to disable high-speed manual mode;
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5.2.7.3
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eans to set the monitored-speed limit to a value of 250 mm/s or lower.

This optional high-speed manual mode has previously been known as manual high-speed or T2.

Selection, activation and change of the operating mode

Selection of the operating mode shall require a deliberate manual action, e.g., use of a key switch, selection
on a touch screen.

The means of mode selection is not required to conform to any functional safety requirements; it is out of

the scope of the safety-related parts of the control system. See Figure 2.
NOTE1 Figure 2 shows information flow and does not represent physical devices or architecture.
Mdde selection (non-safety) Activation of selected mode by SRP/CS-(safetly)
Safety function(s) by
safeguards
Selection of mode using a ) (indluding internal robod
finger or key with, e.g. signal Logic for | activates saféty functions) N
# mode
— Touch screen activation 1 of the Safety function(s) bly
— Key-operated switch right boxes safeguards
(including internal robo
safety functions) N + 1.}
Figure 2 — Separation of mode selection’and mode activation
Initiation|of motion shall be in accordance with the requirements of start/restart interlocking (5.5(2.1). Only
one operdting mode shall be active at a time.
The activgé mode shall be:
— clearly identifiable;
— unanjbiguously indicated.
Unauthorjzed and/or inadvertent-activation of mode shall be prevented by suitable means. The suitable
means may include restricting-accéss with a secured access means (e.g. key switch, access contrql systems
or access odes) that limits thewse of some modes or functions of the robot.
If the act]vation of a mgde-results in a change in the active safety functions or its parameters, the mode
activation safety function shall conform with ISO 13849-1:2023, 5.2.2.9 and the following shall be fulfilled:
a) the agtivation'ef the selected mode shall be considered a safety function;
b) protective Stop (5.4.3) shall be initiated;

C) activation of sarety runctions shall result irom the output of the logic Tor mode activation;

NOTE

2 See Figure 2.

d) each mode shall activate the required safety functions active for that mode.

NOTE 3

NOTE 4

Many robots implement manual mode so that the robot inputs for the “perimeter safeguard” are not active
in manual mode (to allow entry), while “perimeter safeguard” would be active in automatic. This means that safety
functions change when activating manual mode, such that the teach pendant 3P enabling device is activated while the
perimeter safeguards could be deactivated. Optional mode indicator output(s) may be provided to indicate the active
mode. When provided for safety-related purposes, the safety function output(s) shall conform to 5.3.

Symbols for mode labelling are shown in Annex F.
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5.2.8 Means of controlling the robot

5.2.8.1 General

The robot shall have the means to control, command, program/teach, configure and troubleshoot the robot.
At least one of the following means shall be provided:

a) direct control (5.2.8.2) by a control panel or teach pendant;

b) external control capability (5.2.8.3).

Each control station, including teach pendant, that has the capability of initiating robot motion, shall have
o ; ) e ency stop

When a c¢ntrol station is provided with the capability to initiate motion or hazardous functions, the control

station sHall have the capability to stop this motion and hazardous functions, i.e. normal stop in a¢cordance

with 5.4.4.

NOTE1 [Any unit linked to the robot, that only has the capability of displaying robot pahameters is not ¢onsidered

tobea colrol station or teach pendant of the robot.

Where control stations are mounted onto or within the robot manipulator-hand-guided control (HGC) in

accordange with 5.10.2 shall be provided.

Control panels shall be in accordance with IEC 61310-1:2007, IEC 61310-2:2007 and IEC 61310-3:2007.

A visual sjgnal at the control station shall indicate the active status of a control station (e.g. an indigator light

on a contfol panel or a teach pendant display).

For robotf with external control capability, control statiohs shall indicate when external control i active.

NOTE 2 |For requirements of single-point-of-control, see5.5.1.

5.2.8.2 |Direct control

When dirject control is provided, it shall be in accordance with single-point-of-control (5.5.1). When the

robot is uhder direct control, the following shall be prevented from external controls (5.2.8.3):

a) initiafion of robot motion;

b) proggam changes;

c¢) changes of safety configuration;

d) change of contral,to another control station;

e) updates to the:Control program.

The activption of the direct control shall be the result of a deliberate manual action on a speciffic control

device onlthe-controlstation—he-activation-of-the-direct-contrel-shal-always-everride-any-ethersources of

control.

NOTE1 For means of controlling the robot by use of teach pendant(s), see 5.2.8.4 and 5.2.8.5.

NOTE 2  For means of controlling the robot by use of HGC, see 5.10.2.

5.2.8.3 External control

External control capability may be provided. When external control is provided, it shall be in accordance
with single-point-of-control (5.5.1). If a means of programming is not provided with the robot, such that
external means are required (e.g. by connection to a computer), those means shall be considered external
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controls. When external control is provided, the external control enable safety function shall have a
minimum functional safety performance of PL a (Annex C, Table C.2).

When external control is provided in addition to direct control, the following shall be fulfilled in accordance
with single-point-of-control (5.5.1):

a)

a deliberate manual action shall be required at the direct control to enable the external control;

b) enabling of the direct control shall result in an immediate disabling of any external control.

NOTE

For means of controlling the robot (5.2.8) which includes teach pendants, see 5.2.8.4.

5.2.8.4 Teach pendant(s)

Teach pe

connectidn (e.g. pluggable detachable cable or wireless connection) in accordance with 5¢2:8.5.

hdants may have a fixed connection (e.g. fixed attached cable) to the robot orfad

etachable
Any teach

pendant fhat can initiate motion or cause movement(s) shall have an enabling functiontand a 3§ enabling

device in pccordance with 5.5.4.

When in thanual mode(s), a loss of communication shall result in a stop for all robaéts'being controllled.

Teach perfdants shall be provided with the following means or instructions:

— placement or stowage to minimize the possibility of damage that can-fesult in a hazard;

— cable[stowage, if applicable, to reduce entanglement and trippingtazards.

The mass|and size of teach pendants shall not lead to fatigue and:discomfort derived from the intehded use.

NOTE EN 1005-5 gives guidance for the evaluation of handling machine parts with masses under 3 kg. EN 1005-

2 gives gujdance for the evaluation of handling machine partsiwith masses equal or larger than 3 kg over distances

under 2 m

5.2.8.5 |Cableless or detachable teach pendant(s)

Teach perjdants that have no cables connectingto the robot or where the cable can be detached, the|following

shall be ZLlfilled:

a) visual indication shall be provided-to show that the teach pendant is active (e.g. at the teach pendant
display);

b) visual indication shall be provided to indicate to which robot the teach pendant is connected (e.g. at the
teach| pendant display, ertthe manipulator, at the manipulator base);

c) loss df safety-related . communication shall result in a stop in accordance with 5.3.4 for all rohots being
contrplled;

d) restorationefsafety-related communication shall not restart robot motion without a separate {leliberate
manyal action;

E) an u cuu]uisuuuo mreans—shattbe Pt ovidedtoconnectanddisconmeettheteach ycudaut from'the robot
(e.g. a deliberate manual action by the operator);

f) safety-related wireless communication (e.g. radio, infrared) of teach pendants shall be in accordance
with IEC 62745:2017;

g) their emergency stop device(s) shall be in accordance with ISO 13850:2015, 4.3.8 to prevent confusion

between active and inactive emergency stop devices.
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5.2.9 Means of initiating automatic operation

Automatic operation shall not start until there is a deliberate manual action on a control device. The robot
shall provide the means to:

— startautomatic operation from a control device other than the teach pendant;
NOTE1 This function can be achieved by the start/restart interlock, see 5.5.2.1.
— prevent robot automatic operation from being initiated only by the teach pendant.

NOTE 2  This can be provided by the integration (ISO 10218-2:2025) using an external input to the robot.

5.3 Safpty functions

5.3.1 General

Safety-related control systems (electric, hydraulic, pneumatic, mechanical and software) shall cpnform to
5.3 and Apnex C.

The safety-related control system performance of all safety functions of the,robot shall be provided in
accordang¢e with 7.5.12.

NOTE1 |[Table D.1 shows an example format to present the required information.

A robot 1pay be provided with capabilities and safety functions in accordance with 5.10 to gnable the
implemerftation of collaborative applications in accordance withJJSO 10218-2:2025.

NOTE 2 |Safety-related control systems can also be called SRP/CS (safety-related parts of control systems) or SCS
(safety-relpted control system).

5.3.2 Flinctional safety standards

Safety-related parts of the control system (SRR/CS or SCS) shall be designed in accordance wjith either
1SO 13849-1:2023 or IEC 62061:2021.

NOTE ISO 13849-1:2023 and IEC 62061;2021 address functional safety using similar but different methods.

5.3.3 Pprformance

For Class|I robots (5.1.17), tHe )minimum functional safety performance for safety functions shall be in
accordang¢e with Annex C.

For Class[lI robots, thesminimum functional safety performance for safety functions shall be at lepst one of
the following:

— Perfojmancelevel (PL) d, category 3 architecture in accordance with ISO 13849-1:2023;

or

— Safety Integrity Level (SIL) 2, hardware fault tolerance (HFT) is equal to 1, with a mission time of no less
than 20 years, in accordance with IEC 62061:2021;

or
— Performance Level (PL) d or SIL 2, with a PFH less than 4,43 x 107/h.
Another criterion may be provided for a specific safety function in accordance with Table C.2.

NOTE Arobotapplication canrequire safety function(s) meeting PL e (Cat 3) or SIL 3 (HFT 1). See ISO 10218-2:2025.
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A robot may have safety functions with a higher functional safety performance than the required PL d or
SIL 2 that may be integrated into safety function subsystems external to the robot using safety-related
inputs and outputs.

Robot safety-related inputs and outputs associated with a PL d or SIL 2 safety function shall be redundant
and capable of being implemented into an external control system with a redundant architecture.

5.3.4 Failure or fault detection

Any detected fault of the safety-related control system shall result in a reaction that is appropriate for the
intended performance of the safety function. Depending on the safety function and the fault, the appropriate
reaction can include finishing the cycle or initiating a stop that shall be a stop category 0 or 1 in accordance
with [EC §020412016+AMD 12021

NOTE Triggering a safety function indicates that the safety function is working as intended. This {s\n6t p failure or
fault of thg safety function. The triggering of the safety function results in the defined behaviour of the safety function
according fo Annex C.

5.3.5 Pprameterization of safety functions

The robot shall be provided with the means and capability for software-bas€d)parameterization|of safety-
related application software and for designing the safety-related application software. Thig shall be
considered as a safety-related aspect as stated in ISO 13849-1:2023, 5.2.2.% and 6.3 or IEC 62061:2021, 6.7.

A software tool that can directly influence the safety-related syStem during automatic mode¢ shall be
considered a software element of the safety-related system. Therefore, software on-line tools, as flefined in
IEC 61508-4:2010, 3.2.10, shall not be used.

NOTE1 |[For guidance about on-line and off-line tools, see IEC 61508-3:2010, 7.4.4.1 and definitions 3.2.10[and 3.2.11
in IEC 615(8-4:2010.

NOTE 2 [Correctoperation of a safety function is based otfproper and reliable setting of a safety-related pajrameter(s)
used in th¢ safety function(s), especially for safety-related application software.

Once the $afety function(s) is activated, the safety function(s) shall always be active upon turning|power on
and an id¢ntifier (e.g. checksum) shall be generated so that changes to these settings can be identified.

Manual change(s) to safety-related patameters shall require a restart of the robot after change(f). Safety-
related pprameters shall not be capable of being reconfigured during automatic execution of the task
program.

For a spegific parameter, a set)of different values may be configured and a specific value of the different set
automatigally applied during a specific part of the task program.

Informatipn on the active settings and configuration of the safety functions shall be capable of beipg viewed
and docuinented, for;example by showing the identifier’s result on the user interface. Additional data may be
provided [e.g. configuration information, authorized personnel, configuration date).

5.3.6 Cpmmunications

When data communications are used in the implementation of a safety function, the requirements of
IEC 61508-2:2010, 7.4.11 shall be applied. The three permissible transmission categories are described in
Table 2.
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Table 2 — Categories of communications transmission systems

Transmission Main characteristics
Category
Designed for known and fixed maximum number of participants.
1 All properties of the transmission system are known and invariable during the lifetime of the
system.
Negligible opportunity for unauthorised access.
Properties are unknown, partially unknown or variable during the lifetime of the system.
Limited scope for extension of user group.
2 Known user group or groups.
Negligible oppartunity for unanthorized access (metwarks are trusted)
Occasional use of non-trusted networks.
Properties are unknown, partially unknown or variable during the lifetime of the systetn.
3 Unknown multiple user groups.
Significant opportunity for unauthorized access.
SOURCE: I§C 62280:2014 Table B.1, modified to delete the 374 (right) columna
Reproduced with permission from IEC 62280:2014. IEC has no responsibility for the placement and context (including othel content or
accuracy) if which the extracts are reproduced, nor is IEC in any way responsible for the other cafitent or accuracy therein,
a  [EC62p80, Copyright © 2014 IEC Geneva, Switzerland
NOTE1 |[Atransmission category 1 network typically has a fixed maximunt number of participants, whilela category
2 network|is aless controlled network but has negligible opportunity for uiauthorized access. A transmissign category
3 networkfhas unknown properties and a high risk of unauthorized accéss.
NOTE 2 |For a description of communications categories, see [EC'62280:2014 or EN 50159:2010.
When a rpbot has an internal communication network, the network shall be considered as a trapsmission
category [l network in accordance with Table 2. When atrobot has an external network, the network shall be
considergd as a transmission category 2 or category3fetwork in accordance with Table 2. Table 3|describes
countermleasures as described in [EC 62280:2014
Table 3 — Robot network - countermeasure requirements
Trg:ts:)gt)s:;,on Repetition | Deletion | Insertion | Resequence | Corruption | Delay | Masfjuerade
1 + * + ++ + -
2 ++ ++ ++ ++ ++ -
3 ++ ++ ++ ++ ++ ++ ++
Key
- Threat can be-néglected.
+ Threat exists) but rare; weak countermeasures sufficient.
++ Threat exists; strong countermeasures required.
SOURCE: IEC/62280:2014 Table B.2, modified to delete the note?
Reproduced with permission from IEC 62280:2014. IEC has no responsibility for the placement and context|(including
other content or accuracy) in which the extracts are reproduced, nor is IEC in any way responsible for the other content or
accuracy therein.
2]EC 62280, Copyright © 2014 IEC Geneva, Switzerland.

5.3.7 Electromagnetic compatibility (EMC)

EMC of the safety-related control system shall conform to the electromagnetic interference (EMI) and EMC
requirements of [ISO 13849-1:2023 or IEC 62061:2021 as applied.

NOTE

This requirement is relevant to functional safety. Other EMC standards can be required by other standards.
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5.4 Stopping functions

5.4.1 General

Every robot shall have

— anormal stop function whereby the robot can be brought safely to a complete stop;

— aprotective stop function; and

— an independent emergency stop function.

Each stop function shall have provision for the connection of external devices.

The robof shall be designed such that stop functions have precedence over any other contfro}
When a stop function has been initiated, no other control functions shall enable robot moviemen

absence of motion has been achieved.

functions.
until the

The functfional safety performance shall be in accordance with 5.3 and Annex C. Table.4 comparef the stop

functions
Table 4 — Comparison of the stop functions
Parameter Emergency stop (5.4.2) Protective stop (5.4¢3) Normal stop (5.4.4)
Pufpose Emergency situation Safeguarding Stopping, ¢ff
Cease hazardous move- Safely control the safeguarded Bring the robot afely.to
\Y. . a complete stop and if
ments and hazardous hazard(s) then initiate a moni- :
Effect : . : : applicable, stop all hazard-
functions in a safe manner, | tored-standstill (5.5.5) if the pro- :
then remove energy tective step is a stop category 2 ous functions, then remove
energy to robot gctuators
Manmual, automatic or automati-
Initliation Manual activation of the cally Manual activati¢n of the
emergency stop device initiated by safety-related I/0 or normal stop device
safety function(s)
Stop dategory
in acdordance Oor1l 0,1,0r2 Oori
with I§C 60204- See also IS0 13850:2015 | Only 0 or 1 if used for Normal Stop
1:2016+AMD1:2021
Safety-reglated con- . .
According to 5.3 and Annex C, Accordingfto
trol system perfor- | 5.3 and Annex C, Table C.2 Table C.1 Table C.4
mpance - B
Manual or Automatic
Rpset Manually disengaged Can vary with each safety function Not applicaple
that initiates a protective stop
Variable: from ongoing (e.g. in-
Use friequeiicy Infrequent ternal robot safety functions) to Frequen

infrequent

5.4.2 Emergency stop

5.4.2.1 General

The robot shall have an emergency stop function, with either stop category 0 or stop category 1, in
accordance with IEC 60204-1:2016+AMD1:2021. The emergency stop function and emergency stop device(s)
shall be in accordance with ISO 13850:2015. The emergency stop function shall fulfil the following:

a) take precedence over all other controls and stop functions;

b)

cause all hazards within the span-of-control to stop;
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c¢) remove drive power from the robot actuator(s);
d) remain active until it is reset;
e) beinaccordance with 5.3 and Table C.2 with a minimum functional safety performance of PL c or SIL 1.

The emergency stop function shall only be reset by a deliberate manual action. The deliberate manual action
does not cause a restart after resetting; it shall only permit a restart, of operation or the task program, to occur.

The robot shall include the capability for the connection of an external emergency stop device for use by the
robot application, see ISO 10218-2:2025.

5.4.2.2 Control station

Any control station that has the capability of initiating robot motion or other hazardous situations shall
have a mgnually initiated emergency stop function.

5.4.2.3 |Emergency stop output

When a safety function output for an emergency stop is provided, the following shall be fulfilled:
a) the ofitput shall remain operative when power is turned off and then turned on;

b) fault fletection shall be in accordance with 5.3.4;

¢) functjonal safety performance shall be in accordance with 5.3 and Table C.2.
5.4.3 Ppotective stop

5.4.3.1 |General

The robot shall have one or more protective stop firtictions that have the capability to be initiated by an
internal spfety function or external protective device(s).

The protégctive stop safety function shall:
a) causqa stop of all robot motion;
b) bea dtop category 0, 1 or 2, in dcgordance with IEC 60204-1:2016+AMD1:2021;

c) if the| protective stop is a’Stop category 2 in accordance with IEC 60204-1:2016+AMD1:2021, it shall
resulf in a monitored-standstill in accordance with 5.5.5.

This stopjmay be initiated manually or automatically.

5.4.3.2 |Protective stop output

When a spfety function output for a protective stop is provided, the output shall continue to fynction or
generate @ protective stop upon removal of power.

5.4.4 Normal stop

The robot shall be provided with a means to initiate a normal stop function which stops the robot and if
applicable stops its hazardous functions.

The normal stop function, when activated, initiates a stop category 0 or 1 in accordance with
IEC 60204-1:2016+AMD1:2021. The protective stop function may be used as the normal stop function when
it conforms with a stop category 0 or 1 of IEC 60204-1:2016+AMD1:2021.

The normal stop safety function shall be in accordance with 5.3 and shall have a minimum functional safety
performance of PL b (Annex C, Table C.2).

© IS0 2025 - All rights reserved
29


https://standardsiso.com/api/?name=c8fd040c7457a375f21cc51eb96cb0c9

ISO 10218-1:2025(en)
Stop category 2 according to IEC 60204-1:2016+AMD1:2021 shall not be used for a normal stop function.

5.5 Other safety functions

5.5.1 Single-point-of-control

Only one source of control shall be accepted at one time.

Assuring a single-point-of-control shall be implemented as a safety function in accordance with 5.3 and
Annex C, Table C.2 with a minimum functional safety performance of PL a.

NOTE Single-point-of-control is a “single source of control”.

The acceds system is not required to conform to any safety function and is out of the scopeofthe safety-
related pgrts of the control system. See Figure 3.

Access system (security) SRP/CS (safety)

Limit access by, e.g.
» Key-operated controls
» Controls located under a

— Selection system Activation system
lockable cover y — y
.. Means to assure a Input(s) to the
»  Controls requiring use of a .
single source of control control level

tool or password to access
b Other equally secure means
(see also ISO/TR 22053)

Figure 3 — Example of the access system (security) and SRP/CS

5.5.2 Start/restart interlock and reset

5.5.2.1 |Start/restart interlock
The robof shall have a start/restart interlock safety function to prevent automatic start of the robpt
— whenthe energy supply to the robot is switched on or is interrupted and restored;
— after p change of the active-mode from:

a) automatic modeto-manual mode;

b) rpduced-speed manual mode to high-speed manual mode and vice versa (i.e. from hjigh-speed
anual mede to reduced-speed manual mode);
c) odes described in 5.2.7 to other modes and vice versa, when the automatic start can lead tq a hazard.

The start/restartinterlock shall be in accordance with 5.3 and Annex C, Table C.I, with a miimum tunctional
safety performance of PL d. Automatic restart shall conform with ISO 13849-1:2023, 5.2.2.4.

NOTE See Annex I and Figure I.1.
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Reset
fety function shall be provided to:

the start/restart interlock which may be reset by either:

— adeliberate manual action of a specific control device in a control station of the robot (e.g. an electro-
mechanical pushbutton in a control panel, a virtual pushbutton on the touch screen in a teach

p

endant); or

— initiation externally;

b) allow

the resetting of internal robot safety functions:

i

—

— if

The reset
safety pet

The manu

Unintend
position @

NOTE
5,53 S

5.5.3.1

The robo
With the
shall not ¢

NOTE 1

The robot
for reduc

NOTE 2

Reduced-
active in 1

NOTE 3

5.5.3.2

required for internal robot safety functions; and
the resetting is not part of start/restart interlock.

safety function shall be in accordance with 5.3 and Annex C, Table C.2, with, dminimum f
formance of PL b.

al reset safety function shall conform to ISO 13849-1:2023, 5.2.2.3.

bd reset shall be prevented by either accepting the release of the‘aetuator from its ener
r another suitable method (e.g. two activation zones on a touchssensitive screen).

See Annex I and Figure I.1.

beed limit(s) monitoring

Reduced-speed

shall have a reduced-speed safety functignto enable limiting the speed(s) to 250 mm
educed-speed safety function active, the'speed of the TCP and any exposed part of the m3
bxceed 250 mm/s including the effects of any auxiliary axis.

This can be achieved by monitoring the TCP and the speed of the joints.

shall have the capability te.select a speed lower than 250 mm/s as the maximum limit
bd-speed monitoring.

For parameterization requirements, see 5.3.5.

kpeed functionalsafety performance shall be in accordance with 5.3. This safety functig
educed-speed'manual mode (see 5.2.7.2.2).

See ISO 10218-2:2025 for manual mode reduced-speed requirements of the robot application.

Monitored-speed

unctional

bized (on)

/s or less.
nipulator

arameter

n shall be

Monitored-speed shall be 1n accordance with 5.3. The robot may have a monitored-speed satety runction(s)

to enable

NOTE 1

limiting the speed to the configured value(s).

Monitored-speed is required for HGC, SSM and PFL, according to 5.10.2, 5.10.3 and 5.10.4.

With the monitored-speed safety function active, the speed of the TCP and any exposed part of the
manipulator shall not exceed the set (monitored) speed including the effects of any auxiliary axis.

NOTE 2

This can be achieved by monitoring the TCP and the speed of the joints.

The monitored-speed setting may be greater than the reduced-speed (5.5.3.1) setting.
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When a monitored-speed safety function is provided, the robot may have the capability to disable the
monitored-speed safety function. Disabling this safety function shall be in accordance with 5.3.

5.5.4 Enabling function

5.5.4.1 General

An enabling function shall be active in manual mode in accordance with 5.2.7.2. The enabling function is an
interlock manually activated by one or more enabling devices. When the enabling function is active, it shall
fulfil the following:

a) when enabled, allows robot motion to be initiated by a separate start control; and

b) when|not enabled, the enabling function

—

events initiation of robot motion.

— litiates a protective stop function; and

NOTE When used, an enabling function permits robot motion while in manual mode.

5.5.4.2 |Enabling device

The enabling device shall be a 3-position type in accordance with IEC.60204-1:2016+AMD1:2021,[10.9, with
the functjonality in accordance with 5.5.4.3. The enabling device¢shall be equipped with threg-position
enabling §witches in accordance with IEC 60947-5-8:2020. When fon-electro-mechanical switche$ are used
in the 3P gnabling device, they shall conform to equivalent requirements.

If HGC is 4ctive, according to 5.10.2, and HGC is used in manual mode, then hold-to-run shall be acive and a
3P enabling device is not required.

Class I ropots, in accordance with 5.1.17, shall be designed such that foreseeable tasks (e.g. maintenance,
troubleshpoting, and other tasks) can be performed safely without a 3P enabling device. If these fgreseeable
robot tasks:

a) canngt be performed safely without{using a 3P enabling device, then a 3P enabling devicg shall be
provided with the robot;

or

b) can b performed safely without using a 3P enabling device, then the following shall apply:

o5}

3P enabling deviee'is not required to be provided with the robot; and

hfety function input(s) shall be provided for the integration of an external 3P enabling deyice (e.g. a
rip-type3Rienabling device).

I
gg »

5.5.4.3 |Functionality

The 3P enabling safety function shall have a functional safety performance in accordance with 5.3.
When continuously held in a centre “on” position, the 3P enabling safety function shall permit robot motion.

NOTE1 For a 3-position (3P) enabling device, centre “on” position is the enabled position while OFF is the released
and compressed positions.

The 3P enabling device shall have the following functionality:
a) release of all 3P enabling devices on the same teach pendant shall cause a protective stop;

NOTE 2  Iftwo (2) 3P enabling devices, on the same teach pendant, are being held in the centre “on” position, it
cannot be distinguished if one of them is intentionally released or it is unconsciously released.
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b)
9
d)
1)
2)
3)
e)
NOTE 3

design and integration of the 3P enabling device into the teach pendant.

5.5.5 Monitored-standstill

When a nj

a)
b)

9

Monitoreg-standstill shall be provided for the following:

This safefly function may be initiated’externally (e.g. from protective devices).

Capability of a safety function'eutput shall be provided for when monitored-standstill is active.

5.5.6 Stopping time limiting

Stopping time limiting is an optional safety function which may be provided. Stopping time limiting
the motigns performed by the robot and prevents motions which would exceed the stopping tin
stop the rpbot.

When prC‘vrir]nA tha stoppinetime limitinag cafaty flinction.

a)
b)

9

ISO 10218-1:2025(en)

release of any active 3P enabling devices that are not integrated to the teach pendant shall cause a
protective stop;

full compression of any 3P enabling device shall cause a protective stop in accordance with 5.4.3;

after compression past the centre “on” position of the 3P enabling device to the “compress OFF” position,
the following shall be fulfilled:

change from automatic mode to manual mode when the 3P enabling device is in the centre “on

going from fully compressed (compress OFF) to the centre “on” position shall not permit robot motion;

robot motion shall only be permitted after the 3P enabling device has been fully released
OFF” position) after being in the “compress OFF” position; and

(“release

1 3 1 11 1 L] 1 =1l 1 (oS nY h S 1 3 . 1 1
Ipoou ITIOUIOIT SIidIl TIOU DCE perlnitied ulItin e o5r t!lldUllllg dcviCc 15 IM1oved LU LUIIE ¢
position;

itre (ON)

position,

shall frequire that the 3P enabling device be released (release OFF) and re-enabled (centre “oph”) before

robot motion is permitted.

the sfandstill position shall be monitored and maintained according to 5.3;

any uhnintended motion of the robot from the standstill@osition shall result in a stop categor}
accondance with IEC 60204-1:2016+AMD1:2021;

a detgcted failure shall conform to 5.3.4.

handiguided control (HGC) in accordasce with 5.10.2;

poweyr and force limiting safety functions in accordance with 5.10.4.

It is important to consider the ergonomic issues of sustained exertion of manual activation fi

rce in the

onitored-standstill is needed to prevent unintended motignjthe following shall be fulfilled:

y 0 or 1in

monitors
e limit to

oot oO PP S CIITTCTIITTTerTt 5 JTTeT Y ToIrCtIoTT

shall be in accordance with 5.3;

shall continuously monitor the robot motions, such that motions shall not be performed which would
exceed the stopping time limit;

shall initiate a stop category 0 or 1 in accordance with IEC 60204-1:2016+AMD1:2021 when motions
exceed the stopping time limits.
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5.5.7 Stopping distance limiting

Stopping distance limiting is an optional safety function which may be provided. Stopping distance limiting
monitors the motions performed by the robot and prevents motions which would exceed the stopping
distance limit to stop the robot.

When provided, the stopping distance limiting safety function:

shall be in accordance with 5.3;

shall continuously monitor the motions of all moving part of the robot as well as the TCP, such that
motions shall not be performed which would exceed the stopping distance limit;

a)
b)
c) shall
exced
5.6 Si
Multiple
to move 1
and in ma
a) allro
b) mani
be m
c) tobe
(e.g. 1
d) an in
mani
e) only:
Unexpect

Tittate a Stop category 0 or 1 I accordance with I1EC 60204-12016FAMD 17202 T wie
d the stopping distance limits.

n'Lultaneous motion

anipulators may be linked to a single teach pendant, where the teach pendant has the
nanipulators independently or in simultaneous motion. When configured.for simultaneo
nual mode, the following shall be fulfilled:

bot functions shall be under the control of the one teach pendant;

pulators to be included in simultaneous motion shall be selected before the manipula
ved;

selected for simultaneous motion, the selected manipulators shall be in the same opera
educed-speed manual mode);

dication shall be provided at the point of selection (e.g. at the pendant, control c
pulator) of the manipulator(s) that have beepselected for simultaneous motion;

elected manipulators(s) shall be capableof being moved.

bd start-up (5.2.2) shall be preventeéd of any manipulators not selected.

5.7 Linpiting robot motion

5,71 G

A means
shall limi
more of the following«5.%2, 5.7.3, or 5.7.4.

eneral

o limit the motion ©f the robot to be less than the maximum space shall be provided. T
' the three (3),aXes of greatest (largest) displacement motions. The robot shall conform|

motions

Capability

1S motion

for(s) can

ing mode

hbinet, or

he means
to one or

NOTE 1 |[The gredtest displacement motions are typically the three axes with largest movements.
NOTE 2 |In the{context of this document, auxiliary axes are part of the robot.
For Class Hrebetsinaceordanee-with -t andTableHimiting robotmetionisoptionat:

Class Il robots shall limit motion by either of the following:

not moving beyond the limit (e.g. limiting device(s) position, software-based limit setting); or

upon reaching the limit (e.g. limiting device(s) position, software-based limit setting), a protective
stop (5.4.3) shall be initiated. If the protective stop is a stop category 2 in accordance with
IEC 60204-1:2016+AMD1:2021, a reset shall be required in accordance with 5.5.2.2.

NOTE 3

See Annex C, Table C.1.
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The means of limiting, in accordance with 5.7.2, 5.7.3, and 5.7.4, shall have capability to stop robot motion

without a

ssisted stopping under the following conditions:

— maximum payload;

— maximum speed;

— pose that results in the maximum strain to the means of limiting motion.

The motion limit shall be defined as being one of the following:

a) attheactual expected position after reaching a mechanical limiting device, including the case of dynamic

overs

hoot or deformation of a mechanical stop;

b) atthg
the fd

1) €
2) s

c) at the
excee

NOTE 4
situation b

5,72 M

The robot
electro-m

NOTE 1
NOTE 2
The provi

Mechanic

5.7.3 E
Where eld

llowing:
Jectro-mechanical limiting (5.7.3) actuation position;
pftware-based limit (5.7.4) where the protective stop is initiated;

b software-based limit when the stopping distance travel is included to ensure the li
ded.

For c) above, the stopping distance is not a consideration in detegmining the restricted sp
ecause the safety function includes the stopping distance.

echanical limiting

shall have provisions for the attachment and integration of adjustable mechanical limi

Adjustable limiting allows the user to configuréthe size of the restricted space.
Mechanical stops, e.g. hard stops, are manuially adjusted and then manually secured with fasten
Kion of instructions for obtaining and-utilizing limiting motion fulfils the requirements of t

bl limiting shall be capable of stopping robot motion.

ectro-mechanical limiting

to the requirements in 5.3.

574 S
Safety fur

Software

pftware-based limiting

jctionstthat limit motion shall conform to the requirements in 5.3.

actual expected stopping position that includes the stopping distance travel after reachling any of

mit is not

hce in this

ing when

echanical limiting (5.7.3) or software-based limiting safety function(s) (5.7.4) are not prqvided.

PI'S.

his clause.

ctro-mechanical nieans of limiting are provided, the functional safety performance shalll conform

based limiting safety functions are software-defined limits to robot motion which cdn include

geometri

SiTapes to it Tobot o tion to be inside a defined Shrape, orto prevernt the Tobot from

defined shape.

entering a

Software-based limiting safety functions may be used to limit motion and to define the restricted space (see
[SO 10218-2:2025).

The software-based limiting may be temporarily disabled in reduced-speed manual mode (5.2.7.2.2) to

allow are

covery after a limit is exceeded. The limits shall be enabled upon recovery.

The settings for software-based limiting safety functions shall be safety-related parameter(s) in accordance
with 5.3.5.

NOTE 1

A combination of several safety function limits can be used to create dynamic restricted spaces.
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NOTE 2  Software-based limiting safety functions can be particularly useful in controlling motion in irregular
shaped restricted spaces or protecting against pinch-points created by obstructions, see ISO 10218-2:2025.

5.7.5 Dynamic limiting
Dynamic limiting automatically modifies the restricted space.

Dynamic limiting safety function(s) are optional. When provided, dynamic limiting shall conform to 5.3 and
may be accomplished by parameterization in accordance with 5.3.5.

NOTE Requirements that were associated with dynamic limiting in ISO 10218-1:2011 and ISO 10218-2:2011 are
now addressed by muting requirements in ISO 10218-2:2025.

5.8 Molvement without drive power

Means shpll be provided so that the axes can be moved without the use of drive power.ify emejrgency or
abnormallsituations.

NOTE1 [Some robots can be moved with or without drive power by one operator.

Where piacticable, moving the axes shall be carried out by a single operator."The means of providing
movemenjt without drive power shall be readily accessible but be protected from unintended actugtion.

NOTE 2 |[Some robots require external equipment for movement (e.g. crane;lift truck), that is not proyided with
the robot.

5.9 Laders and laser equipment
When roHots are optionally provided with integral laser equipment, the following shall be fulfilled:
— the dgsign and integration of the laser equipment shall prevent any accidental radiation; and

— laser|equipment shall be safeguarded such that hazardous situations due to exposure tol effective
radiafion, radiation produced by reflection 6r-diffusion and secondary radiation are preventedl.

Optical efuipment for the observation orvadjustment of laser equipment shall not create a hazardous
situation from its use.

5.10 Capabilities for collaborative applications

5.10.1 General

To develop a collaborative task in accordance with ISO 10218-2:2025, robot capabilities, includjng safety
functions| can be necéssary for the intended collaborative task. Inherently safe design and safety|functions
can be us¢ful for riskreduction in accordance with ISO 12100:2010 and ISO 10218-2:2025.

5.10.2 nd:-guided control (HGC)

Robots wi -guided control sha € followling satety runctions in accordance with 5.3 and
Annex C:

a) monitored-speed (5.5.3.2) safety function for HGC where the HGC speed limit setting shall have a
maximum HGC speed limit when HGC is active and the limit setting can be configured to a lower value
during integration in accordance with ISO 10218-2:2025;

b) software-based limiting (5.7.4);

¢) monitored-standstill (5.5.5);
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d) hold-to-run such that
1) activating (ON position) the hold-to-run control device shall enable motion;

2) deactivating (OFF position) the hold-to-run control device shall initiate a protective stop in
accordance with 5.4.3.

Hold-to-run controls shall be in accordance with IEC 60204-1:2016+AMD1:2021, 9.2.3.7 and the relevant
requirements of 5.5.4.

A 3P enabling device and function may be used instead of a hold-to-run device and function, if both the
following are fulfilled:

— the 3Pemabtimgdevice conforms to 5102 djamd 554

— the dégsign and integration into the robot shall address ergonomic risks due to sustained actdation of the
3P enjabling device in the centre-on position.

NOTE See 5.2.8.1 for the requirements of control stations.
When HG[ is active, the following shall be applied:

— single-point-of-control (5.5.1);

— direcf control (5.2.8.2); and

— the configured monitored-speed limit value for HGC.

For HGC, |the robot shall move in a smooth manner such that harmful vibration does not transmit to the
person. Vlbration testing shall be performed in accordance with’[SO 20643:2005/Amd 1:2012.

The device provided for hand guiding shall be located or be-provided for installation at a location close to the
mechanicpl interface, to which the end-effector will later'be installed (see ISO 10218-2:2025).

HGC shallpe designed considering the user operation of controlling the robot such that pinching, crushiing, sharp
edges and| other “caught-in” or “compressed by objects” injury risks are reduced or eliminated through design.

EXAMPLE The following are examples but not the only means for accomplishing the above:

— two ppsitions (e.g. front and rear or.a‘ring with more than one hold-to-run control device position);
— asepdrate hold-to-run control dévice;

— by haying the means to configure the hold-to-run controls, physically or by safety function(s), at integrjation;

— by positioning and arrarigement of the hold-to-run control device.

5.10.3 Speed and-separation monitoring (SSM)

With SSM|, the rebot and operator may move concurrently within the safeguarded space.

When pr¢vided in the robot, the robot shall maintain the separation distance from the operator(s), in
accordance with ISO 10218-2:2025, 5.14.5.3 by one or both of the following:

— decrease the speed (e.g. down to speed zero); and/or
— change pose(s) and/or trajectory of the robot.

The speed and separation monitoring safety functions shall conform to 5.3. Failure to maintain the
separation distance shall result in a stop in accordance with 5.3.4.

Detection of operator(s) can be integral to the robot or external or provided by a combination of the robot
and external means.

NOTE SSM safety function can be implemented using several methods, for example:
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— external sensor system supplies the robot with operator position and velocity data for internal calculation of a
motion plan to maintain the separation distance;

— external sensor system provides the robot with a motion plan to maintain separation distance.

5.10.4 Power and force limiting (PFL)

Accomplishing PFL can be by inherently safe design or safety functions.

Where PFL is achieved by inherently safe design, the limits shall be fixed, not adjustable and not configurable.

Where PFL is achieved by safety functions, the following shall be fulfilled:

a) thep

b) activg

DWET ard foTCe Hmting safety function(s) Hmit vatues stratt be adjustable;

e power and force limit values shall

1) njot be exceeded; or

2) W
Y

c) the fa

'hen exceeded, a protective stop shall be initiated (5.4.3) and if this is a stop€ategory 2 ina
rith IEC 60204-1:2016+AMD1:2021, a reset in accordance with 5.5.2.2 shall be provided;

llowing safety functions shall be provided:

1) nponitored-speed (5.5.3.2);

2) s

pftware-based limiting (5.7.4);

3) nponitored-standstill (5.5.5).

The powe

6 Veri

r and force limiting safety functions of a robot shall’be in accordance with 5.3.

fication and validation

6.1 General

In accord
design of

measures.

6.2 Ver

Annex G1
have beer
and valid

NOTE
verified an

hince with the requirements in Clauses 4 and 5, the robot manufacturer shall verify and v4
their robots including any intherent, integrated or associated safety functions and risk

ification and validation

rcordance

lidate the
reduction

sts the requirenients of Clause 5 and the means to verify and validate whether these reqiiirements

met. Using ghe‘or more methods, each requirement shall be verified or validated, or bot
hted.

h verified

It is theimanufacturer’s responsibility to ensure that all applicable items are verified or validatled or both

d validated.

7 Information for use

7.1 General

Information for use shall be provided in accordance with ISO 12100:2010 for appropriate integration of
the robot into a robot application (see ISO 10218-2:2025). Information for use shall inform the user about
reasonably foreseeable misuse.

Information for use is an integral part of a robot and consists of:

a) signals and warning devices;
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b) markings, signs (warning labels) and written warnings;

c¢) accompanying documents (e.g. instruction handbook).

For hydraulic systems, the information for use shall conform to the requirements of ISO 4413:2010. For
pneumatic systems, the information for use shall conform to the requirements of ISO 4414:2010.

The language of the information for use shall be provided in accordance with ISO 20607:2019, 6.2.

7.2 Signals and warning devices

Where provided, a description and meaning of visual (e.g. flashing lights) and audible signals (e.g. buzzers)

shall be p

avided

7.3 Ma
Each robg
a) them
— b
— f
f

—

-

b) robot

o

|
-

— npodel number or reference number (if any);

—

—t

— t

c) suppl
maxi

d) liftin

Markings
sufficient
insufficie
QR, identi

rking

t shall be marked in a distinct, legible and durable manner with:
anufacturer's information including the following:

usiness name;

111 address;

an authorized representative or authorized supplier is applicable, then their business
111 address;

information including the following:
pe of robot (e.g. industrial robot);

bbot series name or designation, if applicablg;

he year of manufacture;
he mass and/or weight of the robot manipulator;

ne maximum reach and payload capacity;

num pneumatic préessures);
p points for transportation and installation purposes, where applicable.

nameplates; labels and identification plates shall be prominently positioned, legible
durability to withstand the physical environment involved (e.g. water resistant). Wher
ht spaee on the robot to affix the above required markings, the business name and a cod
fication number) that contains the required marking information shall be affixed to the

[SO 10218-22625-

hame and

y data for electrical @nd, where applicable, hydraulic and pneumatic systems (e.g. minjmum and

and be of
e there is
e (e.g. bar,
Fobot. See

NOTE

For font size guidance, see IEC/IEEE 82079-1:2019, 9.10.1.

These requirements can also apply to the parts and components that are provided but not fitted to the robot.

For the electrical equipment, the requirements of IEC 60204-1:2016+AMD1:2021, Clause 16 shall be applied.

7.4 Signs (pictograms) and written warnings

Signs and

written warnings shall conform to ISO 12100:2010, 6.4.4.
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Registered signs in accordance with ISO 7010:2019 shall be used as far as applicable. Where no registered
signs are applicable, safety signs and markings with written warnings shall be in accordance with the
principles of ISO 3864-1:2011, ISO 3864-2:2016, ISO 3864-3:2024 and ISO 3864-4:2011.

7.5

Ins

truction handbook

7.5.1 General

The manufacturer shall provide an instruction handbook in accordance with 1ISO 12100:2010, 6.4.5 and
ISO 20607:2019. The handbook shall contain instructions on the location and function(s) of all controls
necessary for setup, installation, integration and maintenance.

For the |electrical equipment, the related information shall conform to the require
IEC 60204-1:2016+AMD1:2021, Clause 17. Diagrams shall be provided of the interfaces of electrical,
and pneunatic systems necessary for setup, installation, integration and maintenance.

In addition, the instruction handbook shall contain information in accordance with 7.5¢2to 7.5.18.

Some of the required information can be stated in other written instructions (for example, on the p4

Identification

n shall be provided about the manufacturer as follows:
Isiness name;

ldress;

contdct information of the manufacturer (e.g. telephonefiumber, service/support website add

if an quthorized representative or authorized supplier is applicable, also provide the business
addrgss, and contact information;

7.5.2
Informati
a) theb
b) fulla
)

d)

e) thed
7.5.3

bsignation of the robot as marked on therobot itself, except for the serial number.

Intended use

The following descriptions shall be provided:

a)
b)

9
d)

f)
g)

h)

ther

the li

dbot and its components:(e.g. manipulator, control, teach pendant);

mitations of robot\use;

the ifftended use(s)as'well as the reasonably foreseeable misuse(s) and prohibited usage(s) of

ments of
hydraulic

ickaging).

ress);

hame, full

the robot;

the limits for.the

— rhnge gf motion;

— padead-capacityincluding et mass;
— TCP;

how to install and connect an end-effector;

the residual risks that cannot be eliminated by the risk reduction measures implemented in the robot;

the risks that shall be reduced during integration if the mechanical design measures according to 5.1.2.4

were

not implemented due to the robot construction;

mass per manipulator (M) and if the manipulator is intended to be used in applications where the base
moves, the mass per manipulator includes the base and fastenings;
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i) for ClassIrobots in accordance with 5.1.17, Table 1, the Fypy value;

j)  for HGC, provide guidance about:

— P

ositioning HGC and hold-to-run devices;

— configuring HGC and hold-to-run devices;

— intended positioning of operators during use of HGC;

— P

rohibited positioning and use of HGC;

k) the laser, if provided, and if any personal protective equipment is to be used.

7.5.4 Illstallation

The folloy
a) descr
b) descr

envir

c¢) ades

d) instry

a —

ving installation information shall be provided:

iption of the installation;

pnmental conditions);
Cription of the parts that can be a source of risk (5.1.2.4) when fitting or refitting;

ictions that fixed control stations provided with the robot shall be:

huse additional risks;

[a—

—_—

e) instry

:[cated out of reach of operators from inside the safeguarded space;

cated to provide visibility of the robot;

ictions that location of direct control and external control means shall provide visibi

robof|(s) being controlled.

Guards, p
described
(5.1.2.4) ¥
and/or th

755 S

Fotective devices and other parts that are provided with the robot but not yet fitted shall
or identified and installation instructions shall be provided. If parts that can be a sout

pir housings.

fopping

Informatipn about stopping functions, devices and integration with external equipment shall be p}

For robot
shall be p

— stopp

5 without-oné or both stopping distance and stopping time limiting safety functions, the
rovided:

iption of the installation requirements (e.g. mounting requirements, utility needs, floor loading,

cated outside of the safeguarded space such that the opetation of their control devices does not to

ity of the

be clearly
ce of risk

vhen fitting or refitting, théinformation for use shall be provided at least on the parts themselves

rovided.

following

ing time and either distance or angle from initiation of stop signal of the three axes with t

relev

greatest

hnt dicp]m‘pmpnf and motion in accordance with Annex H:

— recommended periodic interval for stopping time and either stopping distance or stopping angle testing.

7.5.6 Commissioning and programming

Instructions for commissioning, programming and how the initial test and examination of the robot and its
risk reduction measures shall be provided to enable testing to be carried out:

— Dbefore first use; and

— Dbefore being placed into production.
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This includes functional testing of the safety function parameter settings, e.g. reduced-speed manual mode
speed limiting value.

7.5.7 Operation and setting

Instructions shall be provided for the safe operation and setting, including safe working practices and the
training required to achieve the necessary skill level to perform these tasks.

7.5.8 Singularity

Information about singularities shall be provided and include the following:

what

instri
progy

7.59 H

The folloy

SIMguiarity protection 15 provided witiT the Tobot according to 5.2.3;

ames.

azardous energy

ving information about hazardous energy shall be provided:

— the squrces of energy;

pes of energy;

fored energy.

ns shall be provided about how to:

e the energy including the isolation means;

r otherwise secure the isolation means in tlie de-energized position;

perform maintenance tasks safely;

— thety
— anys
Instructic
a) isolat
b) lockg
9]
d) secur
the r¢
NOTE
7.5.10 M

e an axis when removal of a compohént (e.g. motor) can cause hazardous motion due to
lease of hazardous energy (e.g. Spring).

See example shown in Figure't:

ovement without drive power

Movemenft without drive power shall be described and include the following:

a)
b)

9

d)

e)
f)

ades
instry

whet

Cription of this-Capability;
ictions forhow to move the robot without drive power;

her'robot damage would result after movement without drive power and if repair is need

resurj

ictions on how to avoid singularities during programming which can be used for devélopinlg training

bravity or

ed before

hption of robot use;

recommendations for training operator(s) on responding to emergency or abnormal situations (e.g.
situations that can require movement without drive power);

warning of the potential hazard(s);

warnings that gravity and the release of braking devices can create additional hazards.

7.5.11 Cybersecurity

Information shall be provided about the cybersecurity features that have been implemented in the robot.

The need to develop organizational measures shall be stated.
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7.5.12 Functional safety

7.5.12.1 General

Each safety function shall be described by specifying its functionality, triggering event, intended
result, functional safety performance, availability, the limits and conditions of use in accordance with
[SO 13849-1:2023,5.2.1.3 or IEC 62061:2021, 10.3, as applicable. Safety-related parameters shall be provided
(e.g. PL, category, SIL, HFT, DC, response time, stop category, PFH, test rate, assumptions, comments).

An example table format is provided in Table D.1.

Instructions shall be provided about the location and function of all control systems including diagrams of

the interf""“ afaloctrical hodealis A d a0 oot c macnccayy For cntaan o d T ctall b o
pEe- ot et tarnyaratutahtphetat e Sy SteR S e eesSatyroS5SeeupahtStamatioft:

NOTE This does not include schematics of robot or other controls, components or proprietary property.

7.5.12.2 [Software and safety-related parameterization of software

The folloying information about safety-related parameterization of software shall-be-provided:
a) how gafety parameters are secured;

b) safety functions affected by manually set parameters, such as payload, TCP;

c¢) whatfrobot safety function(s) are included in the identifier (e.g. ciecksum);

d) how fo view and document the settings and parameters;

Informatipn shall be provided about robot settings and software limitations related to safety function
configuraEion if such functionality is provided. The impoxtance of verifying and validating safety function
parametefrs before starting the use of the robot application shall be emphasized. This includes the initial
setting arld any changes to parameters.

7.5.12.3 [Response time of safety functions

If the rob¢t has safety function inputs, themaximum response time shall be provided. This respor]se time is
measured from the input state change until the safety function becomes active.

If the robot has safety function outputs, the maximum response time of safety function outputs shall be
provided|This response time is measured from the safety function initiation until the output changes state.

The maxjmum response tife for a parameter (5.3.5) change or selection to become effectivg¢ shall be
provided for each safety faiction having parameterization capability. This requirement does not apply when
the paranpeter change sequires a manual restart.

The time fequireddo‘change from one defined safety monitored-speed limit to another when multjple speed
limits are{provided shall be provided.

Response| time for the detection of the loss of the communication signal for cableless pendantp shall be
provided.

NOTE The response time of the safety function is different than the stopping time needed to achieve a safe state.

7.5.12.4 Stop functions

The information about the stop category (i.e. stop category 0, 1 or 2) in accordance with
IEC 60204-1:2016+AMD1:2021 for all stop functions (5.4) shall be provided.

Information about the effect of the stopping functions shall be provided, including the emergency stop in
relation to the manipulator, external input(s) and safety function input(s).
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External inputs and outputs

The following information about each external input and output shall be provided:

a) the specifications;

b) instructions for use;

¢) fault detection measures implemented, if any;

d) instructions, if required, for the provision of external fault detection means.

7.5.12.6

Operating modes

Instructigns and warnings shall be provided that the tasks in reduced-speed manual mode shoy
practicable, be performed with all operators outside the safeguarded space. Instructions and\warr
be provided that high-speed manual mode, if used, shall be integrated such that tasks shall be g
only whei no person is inside of the safeguarded space.

Instructid

— that

functjonality; and
— about how to use the manual mode (e.g. reduced-speed or high-speedj and the associated resi
of thg use of the mode(s).
7.5.12.7 |[Enabling device(s)
Enabling [device information shall include a descriptionof'the operation of each 3P enabling
additiona] 3P enabling devices can be used, the following shall be provided:
a) the niimber of additional 3P enabling devices that can be integrated with the robot;
b) integration and installation information;
¢) data @nd criteria necessary to determiine the safety-related control system performance.
[fthe robdt has a 3P enabling device input;instructions shall be provided for how to install the 3P enabl
If the robpt has a 3P enabling devide output, installation instructions and safety-related perform
be providgd.
If the Clags I robot has no 3P enabling device, instructions shall be provided stating that the applig
assessmeht, in accordanee with ISO 10218-2:2025, shall determine whether a 3P enabling device if
for risk rgduction.
7.5.12.8 |Axislimiting

ns shall be provided:

prior to selecting automatic mode, any disabled safeguards shall) be returned to

1d, where
ings shall
erformed

their full

dual risks

device. If

ng device.

hnce shall

ation risk
required

Axis limi

ing capabilities [e.g. mechanical limiting, electro-mechanical limiting, software-base

1 limiting

safety function(s)] and how to use these capabilities shall be described and provided.

a) When axis limiting is provided by mechanical limiting devices, the following shall be provided:

1) how to install or re-locate;

2) whatis installed/provided with the robot;

3) the number of mechanical limiting devices;
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4) locations of the mechanical limiting devices:

b) When axis limiting is provided by electro-mechanical limiting devices, the following shall be provided:

1) number, location and implementation of any electro-mechanical limiting devices;

2) the allowed adjustment of mechanical and electro-mechanical limiting devices;

3) the stopping time at maximum speed including monitoring time until a full stop is achieved;

4) the stopping distance at maximum speed before a full stop is achieved;

5) the means to verify the limits with a simple test, to be used at implementation;

c¢) Whe
1) t

2) t

3) t

P

i)

ii

d) when
1) if

p

2) t

If robot 1
for deterr
The folloy
— how
— funct
7.5.12.9
The folloy
a) proce
b) descy

axis limiting is provided by software-based limiting, the following shall be provided:
he tolerances, if any, of safety functions for software-based limiting;
he means to verify the limits with a simple test, to be used at implementation;

he stopping time and stopping distance/angle in accordance with Aumex H, at the
ayload, when axis and space limiting safety functions generate a stop upon exceeding a |

this stopping time shall include the monitoring time until a full'stop is achieved;
) this stopping distance shall be until a full stop is achieved;
dynamic limiting (5.7.5) is provided with the robot, thefollowing information shall be p

outputs are provided for use in a dynamic restricted space application, the functio
erformance;

he transition time for a limit change to be effective.

otion can continue beyond the limiting device(s) position or beyond the limit setting(s)
hining the restricted space shall be provided.

ving information shall be provided:;

o0 apply axis limiting (5.7) forauxiliary axis (axes) according to 5.1.9;

jonal safety performance.

Position holding deyvice(s)
ving shall be ptovided about position holding device(s):
dures toinspect and/or verify the position holding device (5.1.8);

iption;of the holding capability (5.1.8) including:

— t

heanaximum distance of movement(s), if any, when the position holding device is engage

maximum
mit;

rovided:

hal safety

guidance

— instructions for how to test the movement.

7.5.13 Teach pendants

Instructions shall be provided describing the proper storage of

— cableless or detachable pendants, if so configured, to prevent confusion between active and inactive
emergency stop devices;

— pendants with cables, if so configured, to lessen the risks of tripping or falling due to the cables.
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Information shall be provided about how to select high-speed manual mode using the pendant, if this
capability is provided.

7.5.14 Change or addition of component parts

Instructions shall be provided of any tests or examinations necessary after change of component parts or
addition of optional equipment (both hardware and software) to the robot that can affect the safety-related
functions, including an emergency stop output signal as in 5.4.2.3 and common 3P enabling function in
accordance with 5.5.4.

If guarding according to 5.1.2.4 is not practicable when considering the robot construction, then the
information for use shall describe these risks for integration.

7.5.15 Standards
Informatipn shall be provided about the standards that the robot meets.

NOTE Approvals and certificates can be provided.

7.5.16 Maintenance
The folloying shall be provided:

a) instryictions for safe maintenance, including safe working practices and the training required fo achieve
the necessary skill level to perform the maintenance tasks;

b) the intervals and frequency for the required inspections andumaintenance;

¢) amethod for testing the position holding means if a failire can cause a hazardous situation;
NOTE|1 See5.1.8.

d) instryictions and procedures to avoid errors of fitting during maintenance of the machine;

e) specification for any fluids or lubricants\to be used in lubrication, braking, or transmissign system
interpal to the robot, including guidance'on correct selection, preparation, application and majntenance
of expendables, when these fluids or lubricants are intended to be changed by operators;

f) specifications of the spare pantsyto be used, when these affect the health and safety of operptors (e.g.
safety-related parts of the control system).

If special [equipment and ac€esSories to enable the robot to be adjusted, maintained and used safely is not
provided with the robot, ibformation for use shall describe how the special equipment can be obtdined.

NOTE2 |[See5.1.7.

7.5.17 Abnormal'and emergency situations

Where trapping cannot be avoided, guidance to safely rescue the trapped person shall be provided:

— guidance on the means for the release of operator(s) trapped in or by the robot;

— information and recommendations for training operator(s) on responding to emergency or abnormal
situations.

7.5.18 Handling, lifting and transportation

Instructions for handling, lifting and stable transportation and storage of the robot and its associated
components shall be provided. Instructions shall include the lifting point(s) and posture required of the
manipulator, where applicable.
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Annex A
(informative)

List of significant hazards

Table A.1 provides a list of significant hazards for robots before integration into a robot application.

NOTE See ISO 10218-2:2025, Annex A for hazards of the robot application and robot cell.

Table A.1 — List of significant hazards
Example of hazards Correspond ing re-
No. [Type or group — - : X
Origin Potential consequences quiremgnt
1 |[Mec¢hanical — movements (normal or|— crushing 4 Risk asfessment
hazards unex_pected) o_f any part of the _ 5.1 Robot design
manipulator (including back) |— shearing
5.2 Controls
—  movements (nOII-rpal (.)r — cuttlng or severing 573 Safety functions
unexpected) of additional axis ]
— entanglement 5.4 Stoppir]g func-
— movement of robot parts d R ) ) tions
— drawingfinvor trappin
onal , ¢ 8 pping 5.5 Other spfety
— rotational motion of any axes | impad functiohs
— failure of a safety function to . 5.6 Simultgneous
perform as expected — \Stabbing or puncture motion
— loose clothing, long hair 5+ friction, abrasion 3.7 |Limiting robot
’ motion
— between joints  of . (the| high-pressure  fluid/gas|s g |Movempnt with-
manipulator Injection or ejection out driye power
— unintended niotion or
activation of quxiliary axes
— unexpected release of
potentidl energy from stored
sources
2 |Eleftrical — contact with live parts — electric shock 4 Risk asfessment
hazards i
— \confusion of various voltages |— burn or scald 2l Robot design
5.2 Controls
— contact with discrete|— inhalation of toxic fume .
. . 5.3 Safety flunctions
components in the electrical _
(electronic) circuitry, e.g.|— eye damage by electric
capacitors spark
— exposure to arc flash — influence on pacemaker
3 |Thermal haz- |— hotsurfaces — burns 4 Risk assessment
ards :
— cold surfaces — fire, explosion 5.1 Robot design
— radiation from heat sources |— inhalation of toxic fumes
— dehydration
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Table A.1 (continued)
Example of hazards Corresponding re-
Type or group . . ;
Origin Potential consequences quirement
Vibration — stepping or motion during|— fatigue of mechanical|4 Risk assessment
hazards hfand-guldlng can  cause components leading to 5.1 Robot design
vibration failure o
5.1 Capabilities for
— loosening of connections, collaborative
fasteners, components applications
resulting in unexpected
stopping or expulsion of
parts
— neurological damage
— vascular disorder
Material/ — filling, use, recovery or|— poisoning 4 Risk asgessment
substance draining of fluids _ _ 5.2 Robot design
hazards — inhalation of corrosive
— servicing, lubrication and fumes and dust 2.9 Lasers and laser
changing components that are equipment
covered in fluids; — burns
— cooling and process fluids — radiation from (aser
— unexpected failures to the
mechanical and electrical
components of the robot
— access to radiation source(s)
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Table A.1 (continued)
Example of hazards Corresponding re-
No. [Type or group — - :
Origin Potential consequences quirement
6 |Ergonomic poorly designed teach|— fatigue 4 Risk assessment
hazards pendant, human-machine
i — impact .
interface (HMI) touch screen p 5.1 Robot design
or operator panel )
— falling 5.2 Controls
poorly designed 3P enabling 528 |Means of con-
; — loss of awareness Selel
devices trolling the robot
inappropriate  location of|— Stress 5.3  |Safety functions
controls — human error 5.5 Otherls fety
. . funigtiohs
inadvertent operation  of
controls — operator error 5.10 [Capabiljties for
collabofative
hard to reach, exposure to applicafions
additional hazards due to
inappropriate location of
operating controls
hard to reach, exposure to
additional hazards due to
inappropriate location of
components that require
access for anticipated
maintenance actions
(troubleshooting, repair,
adjustment)
components in enclosures that
block existing lighting
HMI units placed too high’or
low for convenient viewing
warning signals“and status
inductors aretnot understood
or operatipnal
incorrectuse due to misplaced
or missing labels
7 |Combinations incorrect fitting and refitting| — crushing 4 Risk
of Hazards of parts Assessment
— external influences on the
power source
incorrect connection of energy 5.1 Robot design
sources — unanticipated start
unexpected movements of 5.2 Controls
TODOT — impact
tipping or falling-over — stress 5.2.8 |Means for
loss of power — injury from the expelled controlling the
robot
part
parameters not set or 5.3 Safety functions
incorrectly set
parameters changed in an 5.4 Stopping func-
uncontrolled way tions
5.5 Other safety
functions
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Table A.1 (continued)

No.

Type or group

Example of hazards

Corresponding re-

Origin Potential consequences quirement
safety function data is lost or 5.6 Simultaneous
incorrectly transmitted motion
access to stored energy when 5.7 Limiting robot
means to isolate or secure are motion
not available or applied 5.8 Movement with-

out drive power
unpredictable behaviour 5.10 |Capabilities for

of contrals dua £o
+ €6 S ertHe

colabeyative

..... T

electromagnetic interference
(EMI) or surges in energy
source

unexpected robot start

misinterpretation motion
of multiple robots during
simultaneous motion

robot speed can be adjustable
resulting in various tasks
being done at a variety of
speeds

malfunctions of the control
with consequent release of
manipulator brake; release of
brake causes robot elements
to move under residual forces
(inertia, gravity, spring/
energy storage means)
unexpectedly

unexpected movements- of
robot or auxiliary axis

failure of a safety_function to
perform as expected

breaking, loosening or
releasing causes component
malfunction

logse unsecured hoses and
eoniponents separate or whip
about

components improperly
installed creating unexpected
motion/hazard

high speed rotational parts
breaking or disengaging from

applications

partretention equipment

overload of manipulator
or associated equipment
resulting in breaking or
buckling of  mechanical
components

unrestrained robot
(maintained in position by
gravity) falls or overturns
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Table A.1 (continued)

No.

Type or group

Potential consequences

Corresponding re-
quirement

Example of hazards
Origin
handling mishaps during
commissioning or
decommissioning

parts can fall off if not
properly attached or installed
improperly

unauthorized access due to
poor or lack of cybersecurity

implementation

power and force limiting
incorrect calculations
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Annex B
(informative)

Illustrations of spaces

Figure B.1 shows an overview of all the various “spaces” associated with a robot application. This figure
shows concepts without dimensions, and it is not shown to scale.

t—*

Key

manipulator

maxirhum space

restrifted space end-effector

workpiece

g 0w >

1
2
3 operzi[ing space
4

safegyarded space protective device

NOTE1 |The maximum,space is greater or equal to the restricted space and the restricted space is greatpr or equal
to the opefating spaces

NOTE 2 |This figure shows concepts without dimensions, and it is not shown to scale. The safeguarded sppace border
can be cloder to the restricted space.

NOTE 3 Protective device. (n) isa cnfnfy laser scanner Itisshown nn]y forillustrative. purposes.

Figure B.1 — Spaces

Figure B.2 shows the spaces associated with a robot, where there is no end-effector and no workpiece. There
is no restricted space and no operating space until the robot is integrated into an application.
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&
O\\o

A manipulator

Figure B.2 — Maximume@e of a robot (without end-effector and without workpiec

p shows the sp@&ociated with a robot application (robot, end-effector and workpiece

e)

) without
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0 >

1  maxirthum space . A manipulator
2 restrifted space @ B  end-effector
3 operating space OO C  workpiece
Figure B

O a specific application
Q.

&
R

o)
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Annex C
(normative)

Safety functions

Table C.1 details the robot safety functions that shall be in accordance with 5.3.3, except Class [ robot (5.1.17)
safety functions which shall be at least PL b or SIL 1. Table C.2 contains the safety functions which may be
provided with different functional safety performance.

The robot application can require safety function(s) meeting PL e (Cat 3 or Cat 4) or SIL 3 (HET_1).

Table C.1 — Robot safety functions

191

\O

Mandatory OR . . . . Intended Result
L Safety Function Possible Triggering AR 1. .
- | Conditional OR unless~ovr” is stated within a given
. 1 Name Event
Optional row, all are requifed
Conditional Robot exceeds movement After power is restofed, the
51.8 required if position | position holding | tolerance after robot driyée\~robot does not move uhtil there
= holding monitoring monitoring power is removed while™ | is a deliberate manualjaction to
is provided the robot is stopped reset or acknowlgdge
Conditional . . Auxiliary axisexeeeds After power is restored, the
position holding

required if any
auxiliary axis is

monitoring of aux-

movement tolerance after
drive power is removed

auxiliary axis does npt move
until there is a deliberate manual

tions are provided

provided iliary axis while the-axis is stopped | action to reset or ackrlowledge
Conditional . .
524 if interlocking func- interlocking Opening or removing the | Cease all hazardous rdgbot func-

guard (e.g. cover)

tions

Mandatory

manual mode acti-

vation

Activation of manual mode

Automatic mode is prievented
and 3P enabling devicelactive on
control statiof

Mandatory for
Class Il robots

manual mode,
reduced-speed

Reduced-speed manual
mode activated

Reduced-speed (5.5.3{1) active

Conditional
required for high-

speed manual mode

manual mode,
high-speed

High-speed manual mode
activated

Monitored-speed (5.5.3.2) active

Conditiona]
required if high*

is pravided

speed manualmode

manual mode,
high-speed time
limitation

See Table C.2 for characteristics and
minimum functional safety performange

Conditional
required if there is

S change in active

mode-activation

Activation of the selected

Protective stop (5.f.3);

Activation of safetyj functions
appropriate for eagh mode;

o
risk reduction with
mode activation

mode

Initiation of motion is in
accordance with start and
restart interlocking (5.5.2).

Conditional re-

external control

See Table C.2 for characteristics and

5.2.8. quired if external bl o f : f f
control is provided enable minimum functional safety performance
5.4.2 Mandatory emergency stop See Table C.2 for characteristics and

minimum functional safety performance
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Table C.1 (continued)

Clause Mandatory OR Safetv Function Possible Triggerin Intended Result
where ref- | Conditional OR y g8 g unless “or” is stated within a given
. 1 Name Event .
erenced Optional row, all are required
Internal safety function
triggers
OR Cease all hazardous robot func-
5.4.3 Mandatory protective stop Actuation of a related tions intended to be controlled
protective device that is by a protective device
connected to the protec-
tive stop input
5.4.4 Mandatory normal stop .Sclc Tabte €2 {rUl Characteristicsamd
E— minimum functional safety performance
Conditional
ljequlred if thgre single-point-of- See Table C.2 for characteristies’and
5.5.1 is the capability o .
control minimum functional safety,performance
of more than one
source of control
— Energy supply is
switched on;
— After an interruption
and restoratioh “of
start/restartin- power; Prevent automatic staft until a
5.5.2.1 Mandatory terlock £ (5.52 2]
— Change of\active mode reset (3.5.2.2]
(5.5.2.19;
— Aftéra protective stop
while in manual mode
(5.2.7.2)
5522 Mandatory reset -Se?e Table C.2 for characteristics and
minimum functional safety performance
Speed is limited to the ije-
duced-speed parameteq, which is
no greater than 250 mnp/s, then:
Activati ¢ — prevent the rolpot from
5.5.3.1 Mandatory reduced-speed duced ctlvactilon © r?' d exceeding the redured-speed
uced-speed manual mode limit by slowing of stopping
before the limit is ¢xceeded;
— stop category 0 1 if the
speed limit is exce¢ded.
Conditional re- Robot exceeds the config- |Speed is limited to the fnoni-
quired for ured limit. tored-speed parameter] then:
-4 YAuxiliary axis
(axes) (5.1.9)
prevent—the—robot from
— High -ls pe edd . Continuous monitoring exce(ejdllr_lg .tt};)e r?onl_tored-
5.5.3.2 manual  mode| monitored-speed | until reaching the point speed limit by slowing or
(5.2.7.2.3) where a stop is initiated so stopping before the limit is
that the configured limit exceeded; and
— HGC (5.10.2) 1 b ded
will not be exceede — stop category 0 or 1 if the
— PFL by safety speed limit is exceeded.
functions
(5.10.4)
5.5.4 Mandatory enabling function Release or compression of Protective stop (5.4.3)

the 3P enabling device
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Table C.1 (continued)

Clause Mandatory OR Safetv Function Possible Triggerin Intended Result
where ref- | Conditional OR l}\llame Eventgg g unless “or” is stated within a given
erenced Optionall row, all are required
— Robot stops or is already
stopped;
Conditional re- . . .
quired for — Internal safety|— Position is monitored and
function triggers; maintained;
— Actuation of a|— Stop category 0 or 1 if there
protective device that is unintended metion;
5.5.5 — HGC (5.10.2) momtore_;il-stand- 1S conr_lected t_o th.e The monitored-standstill output
sti protective stop Input; | gicates that the rébot/standstill
— PFL by safet i intai
fun Cyt i n}sl — Manipulator is is maintained
(5.10.4) powered and
— not selected for
— Simultaneous simultaneous motion.
motion (5.6) if
an unselected
manipulator
has power
outi : Exceed the hmit. Stop categoer;lc(;;)(;ezlfthe limit is
ptiona .
5.5.6 required if the stopping time Ensure thabthe limit |, he robot f di
7.5.5 safety function is limiting will not be exceeded (e.g. revent the robot from exceecing
rovided e the set limit by slowing/the robot
p decrease'speed, initiate a .
stop), or by a protective stop (5.4.3)
ootional Exceed the limit. Stop categog(c()egggcffthe limit is
ptiona :
5.5.7 required if the stopping Monitor to ensure that the |, he robot £ di
7.5.5 safety functionis | distance limiting | Jimit will not be exceeded | ! €Vent the robotfrom exceeding
. : . ... | the setlimit by slowingthe robot
provided (e.g. decrease speed, initi- .
ate a stop) or by a protective stop (5.4.3)
— Only robots in fhe same
Optional simultaneous Selection of robots to modeit can be SS.] eCFed for
5.6 required for simul- motion be under simultaneous simultaneous motion;
taneous motioR motion — Anyrobot not selegted is in a
monitored-standstfill (5.5.5).
Protective stop (5/4.3).
Conditional re- e Timi b Areset (5.5.2.2) is required if
limit 2.0.6.4 4
5.7.1 quicedfor Class II S a)!(;s7 ,;mld";g; 4 Exceed the limit(s) the protective stop is g stop cat-
robots (5.1.17) €€ 2./.2 and 2./2 egory 2 according to IHC 60204-
1:2016+AMD1:2(21.
— Protectivestopt5.4.3).
Cond¥t1(21nfall re- Areset (5.5.2.2) is required if
Clqu”itle grt Exceed the limit(s) the protective stop is a stop cate-
573 (5.1 i‘;s) arfcci)ifoelsec- electro-mechani- gory 2 according to IEC 60204-

tro-mechanical lim-
iting is the means of
axis limiting

cal limiting

1:2016+AMD1:2021.

Reach the point where a
stop is initiated so that the
limit will not be exceeded

Protective stop (5.4.3)
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Table C.1 (continued)

Clause Mandatory OR Safetv Function Possible Triggerin Intended Result
where ref- | Conditional OR y g8 g unless “or” is stated within a given
. 1 Name Event .
erenced Optional row, all are required
Stop category O or 1
Conditional OR
required for Protective stop (5.4.3).
Class Il robots Exceed the limit(s). Areset (5.5.2.2) is required if
(5.1.17) and re- the protective stop is a stop cate-
574 quired for software-based gory 2 according to IEC 60204-
== limiting 1:2016+AMD1:2021
— HGC(5.10.2) Monitor to ensure thatthe - p ;o the robot frfonh exceed-
limit will not be exceeded | . o
C ing the set limit~A stop can be
— PFL  (5.10.4) (e.g. decrease speed, initi- |, .. : A PR
.. |initiated so thatthe linfit will not
by safety ate a stop so that the limit be bxcdeded
functions will not be exceeded) '
One or both of the follow-
ing:
Ovtional — Safety-related input to| gwitch active axis limit(s) (5.7)
_ Optional . switch active limit(s) and
5.7.5 switching ofI;mztmg dynamic limiting (5.7) only 1 set of axis limitd is active
(5.7) settings atatime
— Safety futction
initiates change of
limiting
The following safety fupctions
are activated:
— Monitored-speed | (5.5.4.2)
Conditional hand-guided con- for et
5.10.2 required for robots trol (HGC) Activate HGC —  Monitored-standstfll (5.5.5);
with HGC
— Software-based limiting
(5.7.4);
— Hold-to-run (5.10.3).
Conditional hold-to-run con- Release of hold-to-run
5.10.2 required for robots . Protective stop (5.4.3)
: trol control device
with HGC
One or more of the |following
happens:
— A stop is initiated so that
R o the separation distance is
Condjitional re- Position of the human maintained:
quiredfor robots speed and sepa- | relative to the robot trig- ’
5.10.3 with SSM safety | ration monitoring | gers safety functionsto | — Change robot speed (e.g.
functions/ capabil- (SSM) maintain the separation down to speed zefo) before
itioc dictanca

oS

crrotoee

COIILALL,

Change pose(s) and/or
trajectory of the robot to
prevent contact
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Table C.1 (continued)

Clause Mandatory OR Safetv Function Possible Triggerin Intended Result
where ref- | Conditional OR l}\llame Eventgg g unless “or” is stated within a given
erenced Optionall row, all are required
— Protective Stop (5.4.3) is
o initiated,and areset (5.5.2.2)
Exceeds the limit(s) is required if the protective
stop is a stop category 2;
If the PFL safety function initi-
Conditional re- ates a stop to prevent egcegd-
quired for robots ing the limit, the following is
N power and force required:
5.10.4 WL FEL sdIety Monitor to ensure that the .

functions/ capabil-
ities

limiting

limit will not be exceeded

(e.g. decrease speed, initi-

ate a stop so that the limit
will not be exceeded)

Protective Step[5.4.3) is

initiated;

Optionally, the rolhot moves
to a,position furgher away
from “a potential contact,
then'a protective stop (5.4.3)
is'initiated

1 Mandatdry: shall be provided.

Conditionpl: shall be provided if certain conditions are met according to referenced clause.

Optional: hot required and can be provided as an option.

Table C.2

requiremgnts of Table C.1 and 5.3.3.

states the functional safety performance requirements” that may differ from the

minimum
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Table C.2 — Robot safety functions with less than PL d required

Mandatory OR Safety Func- | Possible Triggerin l?:llllrclt?oir:l
Clause Conditional OR ety g8 g Intended Result
Optional? tion Name Event Safety Perfor-
mance
. manual
recﬁﬁ-?dtli(f)ﬁ?lh- mode, Exceeding 5 minutes |Separate action required
5.2.7.2.3 4 5 high-speed | of 3P enabling device |toresume the previousl PLa
speed manual mode g & y
p is provided time limita- released selected higher speed
p tion
andlt_lonal re- external con- | Request for external | Local action required to
5 2.8.3 qnw‘nr‘ ifexternal PL a
control is provided trol enable control of robot enable external control
Stop hazardous move-
Mandatory emergency | Manual actuation ofan |, ments and operatiops PLc
5:4.2 See5.2.8.1 sto emergency stop device immediately and rgmove SIL 1
€€2.2.0.1 P gency stop energy sourcesto-all
hazards
Stop robot motion and
i h dous functions.
54.4 Mandatory normal stop Manual actuatlon_of a aza L tunctions PLb
normal stop device Remove-energy sources
to all hazards
Conditional
_requlred 1f_t}_1ere single-point- | Request to or changé@f Robot shall_ respond only
5.5.1 is the capability of ; to the active source of PLa
of-control |active source of cantrol
more than one source control
of control
Conditional
tgrfﬁilgggtfggflgy Re-establishment of
5.5.2.2 functions AND if reset Actuation of a reset safety function and PLb

the resetting is not
part of start/restart
interlock

control device

cancellation of the stop
command
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Annex D
(informative)

Safety function information

Table D.1 is an example format that can be used to present the information for each safety function. More
information can be provided.

NOTE Tl - | Lods £ b s da - h RYISRELL DS 10
TIIT TCTUUIITUu S4ITLY TUIICLIUVIT HHTITUTIIIdUIvInN s ucidalcua 1l 7. J. 1 4.
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Annex E
(normative)

Test methodology for Class I robots - Maximum force per
manipulator (Fypy)

E.1 Genperal

For a spedified robot model or series to be a Class I robot, the methodology in this annex shallbe s
class I defermination, in accordance with 5.1.17, is based on the Fypy. Fypy shall be measufed'to
the maxithum vertical (downward) and horizontal (sideways) clamping forces.

If greater| forces can occur with other motions, the motions shall be described, and the result
(Fympm) shiall be provided.

In accordgnce with 5.1.17, the Fy;py is applied over a minimum contact area pf\l'cm?. It shall be do
in the infgrmation for use (7).

The force|measurement device shall be calibrated.

E.2 Test methodology for Class I robots

Measurement collection shall be performed as follows\t0” minimize the effects of Inertia ar
condition:

1) The fprce measuring device shall have an elastic:€lement with a resulting spring constant of
mm dn the measurement surface.

2) Movement parameters:

a)

b)

for vertical movement testing;

—+ position the measurement device contact surface ‘midpoint of reach’ as represente
Figure E.1, Figure E.2,/or Figure E.3;

- align the centre-of the mechanical interface plate over the centre of force measuremg
surface area;

-+ position-the robot such that mechanical interface is 1 mm above the centre of
measUrement device contact surface;

- nitiate robot motion vertically down using the maximum speed and acceleration cap

ed. Robot
letermine

ng forces

rumented

d Impact

k =75 N/

bd in C in

ent device

the force

hbilities;

for horizontal movement testing:

— position the measurement device contact surface as represented in C of Figure E.4, Figure E.5,

or Figure E.6;

— align the centre of the force measurement device contact surface with the centre the mechanical

interface;

— position the robot such that mechanical interface is separated by 1 mm from
measurement device contact surface;

— initiate robot motion horizontally using the maximum speed and acceleration capabil
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— record the maximum force measured by the force measurement device.

3) Perform a minimum of three (3) tests vertically and horizontally, until achieved results have no more
than a 10 % variance between test values.

4) Record the measured values as shown in Table E.1. The horizontal and vertical Fy;p, shall be the average
of the respective measured values.

Table E.1 — Fyp), test results

Dimensions
Vertical
Horizontal
Other (depcribe)
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space[border (A dimensions are equal)
dimersion of the maximun¥space in the “Z” dimension, measured the borders of the maximum space (B dimensions
are equal)
locatipn of the contact'stirface of the force measurement device
direction of moyemaent (downwards) towards the force measurement device
border of thesmiaXimum space, side view

Figure E.1 — Example vertical (downwards) measurement location

for a 6-axis articulated robot
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cecccccccccccccaad

centr¢ of maximum, in the “X” dimlension space (A dimensions are equal)

centr¢ of maximum space, in the*“Z” dimension (B dimensions are equal)

locati

bn of the contact surfaeeof the force measurement device

directfion of movement (downwards) towards the force measurement device

border of the maxiniun'space, side view

Figure E.2 — Example vertical (downwards) measurement location
for a Delta robot
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Key
A dimeysion of the maximum space in the “X” dimension, measured from the centre-of the robot base to thd maximum
space|border (A dimensions are equal)

B dimension of the maximum space in the “Z” dimension, measured the bofders of the maximum space (B dimensions
are edual)

C locatipn of the contact surface of the force measurement device (atthe centre of the A and B dimensions
D  directiion of movement (downwards) towards the force measurement device

E  border of the maximum space, side view

Figure E.3 — Example vertical (downwards) measurement location
for aSCARA robot
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dimension of the maximum-space in the “X” dimension, measured from the centre of the robot base to the
space[border (A dimensions are equal)
dimersion of the magimum space in the “Z” dimension, measured the borders of the maximum space (B
are equal)
locatipn of thesContact surface of the force measurement device
direction pfimovement (sideways) towards the force measurement device
border ©fithe maximum space, top view
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Figure E.4 — Example horizontal (sideways) measurement location
for a 6-axis articulated robot
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dime]

space[border (A dimensions are equal)

dime]
are ed

locatipn of the\contact surface of the force measurement device (at the centre of the A and B dimensions]
direction ofimovement (sideways) towards the force measurement device

border ofthe maximum space, top view

sion of the maximuntspdce in the “X” dimension, measured from the centre of the robot base to thd maximum

sion of the maximum space in the “Z” dimension, measured the borders of the maximum space (B dimensions
ual)

Figure E.5 — Example horizontal (sideways) measurement location
for a Delta robot
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dimer}sion of the maximum space in‘the “X” dimension, measured from the centre of the robot base to thd

space|border (A dimensions arelequal)

dimension of the maximum.space in the “Z” dimension, measured the borders of the maximum space (B ¢

are edqual)
locatipn of the contactsurface of the for

directfion of movement (sideways) towards the force measurement device

border of the nfaximum space, top view

ce measurement device

Figure E.6 — Example horizontal (sideways) measurement location

fora- SCARAroebet
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Annex F
(informative)

Symbols

Table F.1 provides guidance for symbols for modes, direct control, external control, power on and power off.
Other symbols can be used for the speed, program and more.

Additi | I oo iaalee d o d o ocal o] 1ol
Itongrrexteanmrocmertaea wWitir tire Sy nooTs:
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Table F.1 — Symbols

Subclause Description Symbol Reference
r 1
Automatic mode 7000-0017
5.2.71 To indicate any automatic closed loop func- Automatic control
tion (closed loop)
L _
Manual mode
To identify a manually operated control. r L
To identify the switch position that places V/ Q‘QC \\ ~2066-0696
52.7.2 the equipment under mz_mual- (as opposed to Manual modé
automatic) control. To identify the control Manual c6nivol
that activates manual control. To indicate
that the equipment is in manual control L N
mode.
r B
External control ON 7000-1108
Activate Remot.e control,
5{2.8.3 . . . switch on
To identify the control for changing over to
Remote control,
external control :
activate
L _
r o1
External control OFF 7000-1109
Deactivate ‘ Remote control,
5{2.8.3 (Direct control ON) switch off
To identify the control for changing over to Remote control,
direct control deactivate
L _
I B
Power ON
she To indicate connection to thelmains, at least IEC 60417-5007
T for mains switches or thejr-positions, and “ON” (power)
all those cases where safety is involved.
L |
I B
Power OFF
To indicaté disconnection from the mains, IEC 60417-5008
5{2.6 at least'for mains switches or their posi- “OFF” (power)
tionsyand all those cases where safety is p
involved.
L |
r B
5l4.2 S Emergency stop | I IEC 60417-563¢
Flotme L1 o identify an er:f‘l;:gpenncy stop contro I Emergency stop
W/
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Annex G
(informative)

Means of verification and validation of the design and risk reduction

measures

Table G.1 lists requirements of Clause 5 and the acceptable means to verify and validate whether these
requirements have heen met

Verificatipn and validation can be performed using one or more of the below methods in Table!G.1.

Table (.1 — Means of verification and validation of the design requirements and risk reduction
measures in Clause 5

Method
A visual inspection
B practical test(s)
Avolicable desi . d risk reducti C measurement
Clause mI:eI:lsll(;?'ese esign requirements and risk reduction D observation during operation
E review ofsehematics, circuit diagrams & design paterial
F reviewofrisk assessment and/or FMEA
G reviewof specifications and information for use
a>| B | ¢ | o | E | F| | ¢
5.1 Robot Design
5.1.1 Designed in accordance with ISO 12100:2010 | | | | | | X |
5.1.2 Materials, mechanical strength, and mechanical dé€sign
51.2.1 Designed and constructed to prevent hazardous situation(s) X X X X
= that result from failure due to fatigue and wear
51.21 DeS{gn and construction take into account thetifecycle of X X X
the intended use
5.1.2.2 Materials
5.1.2.2 Are appropriate for the intended.use of the robot X X
5.1.2.2 Do not endanger persons’ safety’or health
5.1.2.2 Are non-toxic in all reasenably foreseeable conditions of use X X
51.2.2 Are not prone to brittle,fracture, excessive deformation, or X X X

emission of toxicor flammable fumes

Retain their pfoperties in the reasonably foreseeable range
5.1.2.2 of climatic dAnd-workplace conditions, including temperature X X X
variations or'sudden changes

Wher'e fluids are used, machinery is designed and construct-

2.1.2.1 ed-tovprevent risks due to filling, use, recovery or draining X X X X
5.1.2.3 Mechanical strength

Robotis dncignnd andconstructed towithstand an overlaoad
5123 in static tests without permanent deformation or patent X X

defect, where strength calculations have a minimum static
test coefficient of 1,25

Robot can undergo, without failure, dynamic tests using the
5.1.2.3 maximum unit payload multiplied by the dynamic test coef- X X
ficient, where the dynamic test coefficient is at least 1,1

51.2.3 Tests are performed at the maximum speed X X
If simultaneous motion can be programmed, tests are done

5.1.2.3 . - X X
using the least favourable conditions

5.1.2.4 Mechanical design

5124 Exposed sharp edges and corners, and hazardous projec- X X

tions are reduced
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Table G.1 (continued)

Clause

Method

Applicable design requirements and risk reduction
measures

visual inspection

practical test(s)

measurement

observation during operation

review of schematics, circuit diagrams & design material
review of risk assessment and/or FMEA

review of specifications and information for use

ammY oW >

A B C D E F G

Hazardous mechanisms that enable motion (e.g. power
transmission components) are installed or mounted inside

therobotIrame such they are immaccessible

Exposure to hazards caused by power transmission com-
ponents such as motor shafts, gears, drive belts, or linkages
which are not protected by integral covers are prevented
either by fixed guards or movable guards in accordance with
1SO 14120:2015

=
v

The fixing systems of the fixed guards intended to be
removed for routine service actions by users or operators
remain attached to the robot or the guard

K
N
X '\Q(l/ X

Movable guards are interlocked with the hazardous move-
ments in such a way that the hazardous machine functions
cease before they can be reached

If these mechanical design measures are not practicable in
the robot construction, then the information for use states
that these risks are reduced during the integration

Errors when fitting or refitting parts, that can be a source
of risk, are prevented. If not practicable, the information for
use provides information on the parts themselves and/or
their housings

Ne

Handling, lifting and transportation Q\

ol
[y
w

Hazards due to sudden movements or instability suc@
tipping and falling-over during transport, lifting anﬂl n-
dling of the robot or its component parts, are p;é(pnted if
they are handled in accordance with the instructions for use

ol
[
w

uate for
ropriate design,
uate packaging

handling the anticipated load, including

Measures are provided for lifting and ar:
additional support elements and/or a@

ol
[
w

erobot and its associat-
re adequate for handling

Provisions for handling and lifti
ed components are provided
the anticipated load (' \

U1
[
N

Packaging

1
—
XS

separately are désigned or packaged such that the robot and
its parts can led without injury and stored without
damage w! ndled and stored in accordance with the
informati r use

Robot, and any pa%gﬁ; robot intended to be handled
d

U1
[
U1

Stam@ i

U1
—
U1

?&is stable for installation, operation, use, disassembly
dismantling such that tipping and falling-over are pre-
ented by specified mounting to affix the robot securely

U1
[
[=)}

Temperature and fire risks

ol
[
o))

Temperatures of accessible surfaces are in accordance with
1SO 13732-1:2006 and ISO 13732-3:2005

U1
=
(o)}

Where there is a risk of fire or overheating, the design prin-
ciples of ISO 19353:2019 are applied

U1
[
~N

Special equipment

U1
(=
~

Special equipment and accessories to enable the robot to be
adjusted, maintained and used safely are supplied or made

available

152}
[
[=]

Position holding
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Table G.1 (continued)
Method
A visualinspection
B practical test(s)
licable desi . d risk reducti C measurement
Clause ;T;sllcl:ese esign requirements and risk reduction D observation during operation
E review of schematics, circuit diagrams & design material
F review of risk assessment and/or FMEA
G review of specifications and information for use
A B C D E F G
If loss of power can lead to hazard due to gravity, the robot
5.1.8 has means to maintain robot position without drive power X X X
(€.8. brakes, pilis, other tecnnology) ~
Appropriate design margins are used for position-holding \8)
5.1.8 . . X X X
means in accordance with 5.1.2 A
A method is provided for testing the position holding means . ,V
5.1.8 fme -1 P X X N X
if failure can cause a hazardous situation M’
5.1.9 Auxiliary axis (axes) AN
519 Posmon holdmg.means provided with auxiliary axis (axes) is X X '\Q X
— in accordance with 5.1.8 .
Auxiliary axes associated with lifting or holding a suspended b
5.1.9 i ; e X @9 X
mass conform with relevant requirements in this document. L\
When the auxiliary axis motion affects the TCP speed <)
5.19 in reduced-speed manual mode, the requirements of re- Q X
duced-speed (5.5.3.1) apply to the auxiliary axis (axes) O
519 When monitored-speed safety function (5.5.3.2) is provided ‘Q \g X
— for the robot, it is also provided for the auxiliary axis (axes) \\\
Axis limiting is provided in accordance with 5.7 when the \\J‘
5.19 auxiliary axis (axes) is included in the three axes of greatest \Q X X X
(largest) displacement motions %~
5.1.10 Power loss or change n$
51.10 Loss or change of electrical, hydraulic, or pneumati (v)ver X X X
— to the robot does not result in a hazardous situatiqn
Re-initiation of power does not lead to a ha (i}a.; situation
5.1.10 through any movement(s) or change in safety*related pa- X X
rameters C ‘\
Robot conforms with ISO 14118:2017 t\o'ﬁrevent unexpected
5.1.10 N X X
start-up
5.1.11 Component malfunction O\‘
Robot components are d s}g-ged, constructed, secured, or
5111 contained in accordanée with 5.1.2, so that risks caused by X X X
— breaking loosenin eleasing, including those related to
stored energy, a uced to an acceptable level
5.1.12 Hazardous ;
5.1.12 Stored en%?ioes not cause hazardous situations X X X
\) .
5112 Mea &r) provided to prevent the uncontrolled or hazard- X X X
— ous release of stored energy
44§mzardous energy is potential (e.g. spring balancer, gas
5.1.12 Ojoalancer) the robot has the means to secure itin a posmon X X X
thateanbeeithertheenergizedorde-energizedposition
5112 Robot is fitted with means to isolate it from all energy sup- X X X
I ply sources
5.1.12 Means are capable of being locked or secured X X X
5112 Safe release or containment is provided in accordance with X X
— 1SO 14118:2017
5.1.12 Alabel is affixed to identify the stored energy hazard X
Where axes (e.g. robot, auxiliary) can move due to gravity,
5112 means are applied either to prevent axis motion or to ensure X X
— that resulting motions can be initiated and result in a de-en-
ergized position in a controlled way
5.1.13 Electrical, pneumatic, and hydraulic parts
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