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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 ]

nternational 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 documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

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

les of the

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 any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ndgtice 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
pbrg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad¢ name used in this document is information given for the convenience of users and| does not

constitut¢ an endorsement.

For an ex

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

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

Organization (WTO) principles in 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 Committee for Standardization (CEN) Technical Committee CEN/TC 310, Advanced ayitomation

technolog
and CEN

This seco
revised.

The main

fes and their applications, in accordance with‘he Agreement on technical cooperation befween ISO
Vienna Agreement).

hd edition cancels and replaces the-first edition (ISO 10218-2:2011), which has been t¢chnically

changes are as follows:

— empHasising robot applicatidn;and not robot system, as the robot application includes the wrkpieces,

task program, and the machinery and equipment to support the application and intended taskis;

— incor

— clariffying requiréeémtents for functional safety;

— addirlg requirements for cybersecurity to the extent that it applies.

Alistof a

porating safety requirements for collaborative applications (formerly, the content of ISO/S 15066);

| paxts 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

This document has been created in recognition of the hazards that are presented by robots when they are
integrated and installed with end-effectors into robot applications and robot cells. ISO 10218-1 addresses
robots as partly completed machinery, while this document addresses robots integrated into completed
machinery for specific robot applications.

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 safety of robot applications and robot cells:

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

Others cdn be affected by the level of safety achieved with the means of the ddcument by the above-
mentionefl stakeholder groups:

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

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

Robot applications, and the extent to which hazards, hazardous situations and events, are coyered and
indicated|in the Scope of this document.

When provisions of a type-C standard are différent from those which are stated in type-A pr type-B
standard$, the provisions of the type-C standatd take precedence over the provisions of the other $tandards
for machiphes that have been designed and built in accordance with the provisions of the type-C stgndard.

Hazards dssociated with robot applications are well recognized, but the sources of the hazards are frequently
unique to[each robot application. Thesnumber and type(s) of hazard(s) are directly related to the|nature of
the autonjation process and the complexity of the application. The risks associated with these hazards vary
with the Fobot used, its safety~functions, and the integration, installed, programs, use, and maintenance.
This docyment prov1des requlrements for safety m the integration of robots into robot appllc tions and

There are a broad range of robot applications and robot cell(s). Therefore, it is not possible to provide a list
of all significant hazards, hazardous situations or events into which a robot application can be integrated.
Moreover, the same kind of applications can have different levels of risk, resulting from different designs
which correspond to the intended application (e.g. paint spraying on large or small parts, handling of a small
harmful payload like a hot metal bolt or a large harmless payload like a box of paper tissues).

Other standards can be applicable to associated machinery and equipment in robot applications and robot cells.

» o«

For ease of reading this document, the words “robot”, “robot system” and “robot application” refer to
“industrial robot”, “industrial robot system” and "lndustrial robot application” as defined in ISO 10218-1
and this document.

© IS0 2025 - All rights reserved
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This document has been updated based on experience gained since the release of the first edition of
[SO 10218-2 in 2011. This document remains aligned with minimum requirements of a harmonized type-C
standard for robot applications and robot cells in an industrial environment. Providing for a safe robot
application and a safe robot cell depends on the cooperation of a variety of “stakeholders”. Stakeholders can
include designers, manufacturers, suppliers and integrators. Users are the entity responsible for using robot
applications and robot cells. Users can also be any of the other stakeholder roles.

Where appropriate, ISO/TS 15066:2016 on the safety of collaborative robot applications was added to the
[SO 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 this document. Safety functions that
enable a collaborative application can be part of the robot (e.g. PFL), or can be provided by a protective
device, or a combination.

It is impgrtant to emphasize that the term “collaborative robot” is not used in this document{ Only the
applicatidn can be developed, verified, and validated as a collaborative application. In addition| the term
“collaborgtive operation” is not used in this document.

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

Part 2:
Industrial robot applications and robot cells

IMPORTANT — The electronic file of this document contains colours which are considered to be

useful fo
documen

1 Scop

This docu
robot cell

— thed
— integ

— infor
and d

This docu
— unde
— lawe
—  militz
— airbo
— medi
— healt
— prost
— servi
— const

— liftin

t using a colour printer.

e

ment specifies requirements for the integration of industrial robot applications and
5. The following are addressed:

bsign, integration, commissioning, operation, maintenance, decomtissioning and dispos

Fation of machines and components;

isposal.

ment is not applicable to the following uses and applications of industrial robots:
‘water;

hforcement;

iry (defence);

rne and space, including outer space;

Cal;

hcare of a person;

hetics and other,aids for the physically impaired;

Ce robots, which/provide a service to a person and as such the public can have access;
mer products, as this is household use to which the public can have access;

b opdtransporting people;

PirEraeca Liftinag davieac o paachinarng o g cxapnc Lol life v ol o

F the correct understanding of the document. Users should therefore consider primting this

ndustrial

nl;

mation for use for the design, integration, commissioning,Qpération, maintenance, decomnpissioning

— multi

NOTE

PO pOSTTIT T S TV ICC S UT IO CIIITICT Y, O g CL AT 3, TOTISIIT C O O CIs ST

Applications for the automation of laboratories are not considered as medical or healthcare of a person.

This document deals with the significant hazards, hazardous situations or hazardous events when used as
intended and under specified conditions of misuse which are reasonably foreseeable by the integrator.

This document provides basic requirements for industrial robot applications, but does not cover the hazards

related to

the following:

— emission of airborne noise;

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

© IS0 2025 - All rights reserved
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— underground use;

— use that has hygienic requirements;

— processing of any material (e.g. food, cosmetics, pharmaceutical, metal);

— use in nuclear environments;

— use in potentially explosive environments;

— mobility when robots or manipulators are integrated with driverless industrial trucks;

— mobility when robots or manipulators are integrated with mobile platforms;

— usein
— hazal

— hand
radia

—  when|

Emission
in this do

2 Normmative references

The folloVv
requirem
the latest

ISO 3864
signs and

ISO 3864
safety lab

ISO 3864
symbols fd

[SO 3864
properties

[SO 4413:

ISO 4414
componen

[SO 7010:

| environments with hazardous ionizing and non-ionizing radiation levels;
dous ionizing and non-ionizing radiation;

ing loads the nature of which could lead to dangerous situations (e.g. moltemmeétals, ac
Ling materials);

the public or non-working adults have access.

of acoustic noise could be identified to be a significant hazard, but‘€mission of noise is nc
fument.

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

1:2011, Graphical symbols — Safety colours-and safety signs — Part 1: Design principles
Kafety markings
pls

3:2024, Graphical symbols < Safety colours and safety signs — Part 3: Design principles for
r use in safety signs

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

010, Hydraulicfluid power — General rules and safety requirements for systems and their cg
2010, Pneumatic fluid power — General rules and safety requirements for systems

ts

019, Graphical symbols — Safety colours and safety signs — Registered safety signs

ds/bases,

t covered

nstitutes
bferences,

for safety

2:2016, Graphical symbols — Safetyccolours and safety signs — Part 2: Design principles for product

graphical

otometric

mponents

and their

[SO 8995-1:2002, Lighting of work places — Part 1: Indoor

ISO/CIE 8995-3:2018, Lighting of work places — Part 3: Lighting requirements for safety and security of outdoor
work places

ISO 10218-1:2025, Robotics - Safety requirements - Part 1: Industrial robots

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

[SO 13732-1:2006, Ergonomics of the thermal environment — Methods for the assessment of human responses
to contact with surfaces — Part 1: Hot surfaces

© IS0 2025 - All rights reserved
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[SO 13732-3:2005, Ergonomics of the thermal environment — Methods for the assessment of human responses
to contact with surfaces — Part 3: Cold surfaces

ISO 13849-1:2023, Safety of machinery — Safety-related parts of control systems — Part 1: General principles
for design

[SO 13850:2015, Safety of machinery — Emergency stop function — Principles for design
ISO 13854:2017, Safety of machinery — Minimum gaps to avoid crushing of parts of the human body

[SO 13855:2010, Safety of machinery — Positioning of safequards with respect to the approach speeds of parts
of the human body

ISO 13856~ ; y = g

ISO 1385Y:2019, Safety of machinery — Safety distances to prevent hazard zones being reached, by upper and
lower limhs

ISO 14114:2017, Safety of machinery — Prevention of unexpected start-up

ISO 14119:2024, Safety of machinery — Interlocking devices associated with guards.—~< Principles for design and
selection

1SO 1412(Q:2015, Safety of machinery — Guards — General requirements for¢hedesign and constructipn of fixed
and movabple guards

[SO 14123:2016, Safety of machinery — Permanent means of access to~nmachinery

ISO 1473B:2002, Safety of machinery — Anthropometric reguirements for the design of workstations at
machinery

[SO 1553§-1:2000, Ergonomic design for the safety of machinery — Part 1: Principles for determining the
dimensiors required for openings for whole-body accessdnto machinery

[SO 1553§-2:2000, Ergonomic design for the saféty of machinery — Part 2: Principles for determining the
dimensions required for access openings

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, + AMD1:2021, Mechanical vibration — Hand-held and hand-guided machinery — Principles for
evaluation of vibration emission

IEC 600738:2002, Basic gadsafety principles for man-machine interface, marking and identification [— Coding
principles|for indicatiomdevices and actuators

IEC 60204-1:20165HAMD1:2021, Safety of machinery — Electrical equipment of machines — Part [I: General
requiremdgnts

IEC 6082%-1:2014, Safety of laser products — Part 1: Equipment classification and requirements

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

IEC 61000-6-7:2014, Electromagnetic compatibility (EMC) — Part 6-7: Generic standards — Immunity
requirements for equipment intended to perform functions in a safety-related system (functional safety) in
industrial locations

IEC 61310:2007, Safety of machinery — Indication, marking and actuation

[EC 61496-1:2020, Safety of machinery — Electro-sensitive protective equipment — Part 1: General requirements
and tests

© IS0 2025 - All rights reserved
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IEC 61508-2:2010, Functional safety of electrical/electronic/programmable electronic safety-related systems —
Part 2: Requirements for electrical/electronic/programmable electronic safety-related systems

IEC 62046:2018, Safety of machinery — Application of protective equipment to detect the presence of persons

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

3 Terms, definitions, symbols and abbreviated terms
For the purposes of this document, the terms and definitions given in ISO 12100:2010 and the following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Olnline 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, robot cell - related

3.1.1.1
industrigl environment
workplace where the public is restricted from access or not reasenably expected to be present for the
intended fasks and robot application(s) (3.1.1.4)

Note 1 to gntry: This includes manufacturing, laboratory, pharmaceutical, warehousing, logistics, and morg.

3.1.1.2
industrigl robot
robot
automatigally controlled, reprogrammable multipurpose manipulator(s) (3.1.2.7), programmablg¢ in three
or more dxes (3.1.2.1), which can be either fixed.in place or fixed to a mobile platform (3.1.2.10) [for use in
automatign applications (3.1.1.5) in an industrial environment (3.1.1.1)

Note 1 to gntry: The industrial robot includes:

— the mg@nipulator (3.1.2.7), includingrebot actuators (3.1.2.12) controlled by the robot control;

— therobot control; and
— the mpans to teach or progtam the robot, including any communications interface (hardware and softyvare).
Note 2 to gntry: This includes any axes that are integrated into the kinematic solution.
Note 3 to eptry: A mgbile robot consists of a mobile platform (3.1.2.10) with an integrated manipulator (3.1.2.T) or robot.

3.1.1.3
industrigl@ebot system
robot systenmr

industrial robot (3.1.1.2), an end-effector(s) (3.1.2.3), any end-effector sensors and equipment needed to
support the end-effector(s) (3.1.2.3)

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

3.1.14

robot application

industrial robot application

machine comprising an industrial robot system (3.1.1.3), workpieces, task program (3.1.4.1), and machinery
and equipment to support the application (3.1.1.5) and the intended task(s)

Note 1 to entry: The application (3.1.1.5) can be a collaborative application (3.1.1.6).
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3.1.1.5
application
intended use and purpose of the robot (3.1.1.2) or robot application (3.1.1.4), i.e. the process, the task(s)

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

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

Note 1 to entry: 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) (3.1.73)-gre within
the same pafeguarded space (3.1.9.6)

3.1.1.8
robot cel|
industrigl robot cell
one or mdre robot applications (3.1.1.4), any obstacle or object that has influence*on the risk asselssment of
the intended use and associated safeguarded space(s) (3.1.9.6) and safeguards-(3./1.10.2)

3.1.2 Syub-assemblies and components

3.1.2.1
axis

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

3.1.2.2
additional axis
axis (3.1.4.1) that is not part of the manipulator (34.2.7)

Note 1 to gntry: Additional axis includes any auxiliary axis as described in ISO 10218-1:2025, 5.1.9.

3.1.2.3
end-effe¢tor
device specifically designed for attachment to the mechanical interface (3.1.2.9) to enable fhe robot
applicatiop (3.1.1.4) to perform its task

EXAMPLE Gripper, welding-gun, spray gun.
Note 1 to gntry: End-effectosare sometimes known as end-of-arm tooling (EOAT).

3.1.2.4

gripper
end-effectpr (31»2.3) designed for seizing and holding workpieces

Note 1 tolentry: Various types of grippers and the terms “grip, grasp. grasping and releasing” are ldefined in
ISO 14539:2000.

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

3.1.2.5

fixture

device used to hold in position an item as part of the handling or assembling process in a robot application
(3.1.1.4), but not as an end-effector (3.1.2.3)

© IS0 2025 - All rights reserved
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3.1.2.6

manual load/unload station

part of the robot application (3.1.1.4) designed for the direct manual intervention for the placement and
removal of parts or workpieces for processing by the robot application (3.1.1.4)

3.1.2.7
manipulator
mechanism consisting of an arrangement of segments, jointed or sliding relative to one another

Note 1 to entry: Robot actuators (3.1.2.12) can constitute parts of a manipulator.

3.1.2.8

mass per manipulator
M
mass of all moving parts of the manipulator (3.1.2.7)

3.1.29
mechanigal interface
mounting surface at the end of the manipulator (3.1.2.7) to which the end-effector (3:1.2.3) is attached

3.1.2.10
mobile platform
assembly|of the components which enables locomotion and provides thesstructure by which tpo affix or
integrate fa manipulator (3.1.2.7) or robot (3.1.1.2)

3.1.2.11
payload
mass of all that is attached to the manipulator (3.1.2.7), including the end-effector (3.1.2.3) and wotkpiece

Note 1 to entry: The payload can be attached to, but is not lithited to, the mechanical interface (3.1.2.9) of the robot
(3.1.1.2).

3.1.2.12
robot acjuator
powered mechanism that converts energy to effect motion

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

3.1.2.13
tool centre point
TCP
point defined for a given application (3.1.1.5) relative to the mechanical interface (3.1.2.9) coordinajte system

Note 1 to gntry: The TCP setting defines the location of the TCP relative to the mechanical interface (3.1.2.9)

3.1.3 Cpntrols-related

3.1.3.1
control station

l ol ntain 0 Eaas ateal H HIY & 43 i = | 3 o £ ot
enclosure-wenecoirta s ohc- or-motre-cotroraevicesHteRac o actvate oracactivatetahectiohts

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 is referred to as a portable control station].

Note 2 to entry: The portable or hand-held control station for a robot (3.1.1.2) is referred to as a teach pendant (3.1.3.3).

3.1.3.2
pendant
hand-held control station (3.1.3.1)

© IS0 2025 - All rights reserved
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teach pendant
pendant (3.1.3.2) with which a robot (3.1.1.2) can be programmed, moved, or actuated

Note 1 to entry: Hand-held units or devices which only have the capability of displaying parameters (e.g. no motion
and no actuation capabilities), are not considered to be control stations (3.1.3.1) or teach pendants.

Note 2 to entry: The teach pendant can be linked to the end-effector (3.1.2.3) and other parts of the robot application

(3.1.1.4).

3.1.3.4

local control
state of the system or portions of the system in which operation is effected from a control station (3.1.3.1) or

teach penflant (3.1.3.3) of the individual machine(s) or portions of the machine(s)

Note 1 to gntry: An operator (3.1.7.3) using the local control(s) usually has a direct view of the robot.cel} (3.1.1.8).
3.1.3.5

span-of-dontrol

predeterthined portion of the robot (3.1.1.2), robot application (3.1.1.4), robot cell (3.14.8) or machjnery that
is under dontrol of a specific device for a safety function (3.1.8.1)

Note 1 to gntry: Protective devices (3.1.10.5) and emergency stop devices could initiaté a stop of a machine, g portion of
a machinefor partly completed machinery, i.e. a robot (3.1.1.2).

3.1.3.6

simultaneous motion

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

3.1.3.7

singularity

occurrendge whenever the rank of the Jacobian matrix:becomes less than full rank

Note 1 to gntry: Mathematically, in a singular configuration, the joint velocity in joint space can become|infinite to
maintain (artesian velocity. In actual operation, motions defined in Cartesian space that pass near singulprities can
produce high axis speeds. These high axis spe€ds‘can be unexpected to an operator (3.1.7.3).

[SOURCE{{ISO 10218-1:2025, 3.1.3.6]

3.1.3.8

mode

operating mode

characterfization of the way and the extent to which the operator (3.1.7.3) interacts with the control
equipmernt

Note 1 to gntry: Modeyefers to the control state, e.g. manual mode (3.1.3.9), automatic mode (3.1.3.10).

3.1.3.9

manual thode

control statethatatowscontrotdirectly by anoperator{3-+733

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

3.1.3.10

automatic mode

control st

ate that allows executing programmed tasks
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3.1.4 Program-related

3.14.1

task program
set of instructions for motion and auxiliary functions that define the specific intended task of the robot

applicatio

n (3.1.1.4)

Note 1 to entry: This type of program is generated by the integration (3.1.7.1) or use.

Note 2 to entry: The task program can include functions of other machinery within the robot application (3.1.1.4).

3.1.4.2
teach

programy
(3.1.3.3) ¢
using an ¢

Note 1 to 4

3.1.4.3
program
execution|

Note 1 to €
task progr

instructiop sequence. Program verification is used in new applications (34>135) and in fine-tuning/editing

applicatio

315 P
3.1.5.1

drive poyer

energy ern

3.1.5.2

energy sgurce

electrical

that is capable of supplying power

3.1.6 Hazard-related

3.1.6.1
hazard
potential

Note 1 to

xternal device for off-line programming

ntry: Manually positioning can be referred to as "lead-through teaching" using handsguided conf

verification
of a task program (3.1.4.1) for confirming the robot path and process performance

ntry: Program verification can include the total path traced by the toglcentre point during the exe
im (3.1.4.1) or a segment of the path. The instructions can be executed in a single instruction or

s (3.1.1.5).

pwer-, energy-related

abling the robot actuators (3.1.2.12) to apply force or torque

mechanical, hydraulic, pneumatic, chemical, thermal, potential, kinetic or other type

source of harm

electrical
fire hazar

Note 2 to

entry: The term “hazard” can be qualified in order to define its origin (for example, mechani
azard)orthe nature of the potential harm (for example, electric shock hazard, cutting hazard, to

).

hing of the task manually by positioning of the manipulator (3.1.2.7), or by using a teach pendant
0 move the robot (3.1.1.2) through the desired positions, or program without causingmetion, or by

rol (HGC).

cution of a
ontinuous
of existing

of source

al hazard,
kic hazard,

— ispermanently presentduring the intended use of the machine (for example, motion of hazardous moving elements,

electr

ic arc during a welding phase, unhealthy posture, noise emission, high temperature), or

— canappear unexpectedly (for example, explosion, crushing hazard as a consequence of an unintended /unexpected
start-up, ejection as a consequence of a breakage, fall as a consequence of acceleration/deceleration).

[SOURCE:
3.1.6.2

IS0 12100:2010, 3.6, modified — Note 3 has been deleted.]

hazardous motion
movement that can cause personal physical injury or damage to health
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hazardous situation
circumstance in which a person is exposed to at least one hazard (3.1.6.1)

Note1ltoe

[SOURCE:

ntry: The exposure can result in harm immediately or over a period of time.

[SO 12100:2010, 3.10.]

3.1.7 Role-related

3.1.71

integration

act of co

}'\lnlnn‘ a2 robot {'2 11 7\ with other nnnlnmnnf or-another machine. lnrlllﬂlng additia

nal robot

applicatio

Note 1 to ¢
equipment

3.1.7.2

integratc
entity thg
and over
interconn

Note 1 to ¢
robot cell (
the user (3}

3.1.7.3

operator
person u
commissi

Note 1 to
performin

3.1.7.4
user

entity tha
(3.1.7.3) d

3.1.8 F

3.1.8.1
safety fu
function

[SOURCE;

hs (3.1.1.4 1 4) to form a robot cell (3.1.1.8) capable of performing useful work

ntry: This act of machine building can include the requirements for the installation of the'mac
associated with the application (3.1.1.5).

r

t designs, provides, manufactures, or assembles robot applications (3.1.1.4) or robot cell
cees the safety strategy, including the protective measures (3¢1.10.1), control inter
ections of the control system(s)

ntry: The integrator can be referred to as the “manufacturer” of'the supplied robot application
3.1.1.8). The role of the integrator can be provided by the manufacturer, assembler, engineering ¢
1.7.4).

pning and disassembling

entry: This definition includes person orspersons who can be expected at or near machinery,
b a task associated with the specific maghinery.

t uses robot applications3:1.1.4) and robot cells (3.1.1.8) and is responsible for the g
ssociated with the robot applications (3.1.1.4) and robot cells (3.1.1.8)

inctional safety-related

hction
f the machine whose failure can result in an immediate increase of the risk(s)

[SQ.13849-1:2023, 3.1.27]

hinery and

5 (3.1.1.8)
faces and

3.1.1.4) or
pmpany or

sing, operating, adjusting, maintaining, cléaning, repairing, troubleshooting, tramsporting,

bven if not

perator(s)

3.1.8.2

emergency stop
emergency stop function
function which is intended to

— avert arising or reduce existing hazards (3.1.6.1) to persons, damage to machinery or to work in
progress, and

— be initiated by a single human action

[SOURCE:

[SO 12100:2010, 3.40]
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3.1.8.3
protective stop
interruption of operation intended to reduce risks

3.1.84
monitored-standstill
safety function (3.1.8.1) that monitors the absence of motion while drive power is active

Note 1 to entry: Previously, "monitored-standstill” was called “safety-rated monitored stop”.

3.1.8.5
monitored-speed
safety function (3.1.8.1) that limits the speed to a configured value

3.1.8.6
reduced-speed
safety funrtion (3.1.8.1) that limits the speed to be no greater than 250 mm/s

3.1.8.7
single-pgint-of-control

single sopirce of control
ability to|operate such that initiation of motion is only possible from one seurce of control and fannot be
overriddgn from another initiation source

3.1.8.8
softwarefbased limiting
safety function(s) (3.1.8.1) with monitored limit(s) placed on the Fange of motion of the robot ($.1.1.2) or
other equfipment

3.1.8.9
safety fuhction input
input sigrfal having a specified safety-related perfornfance

3.1.8.10
safety fupction output
output signal having a specified safety-related performance

3.1.9 Spaces, zones and distances

3.19.1
space
three-dinjensional volume

Note 1 to gntry: See Annex'\B'for illustrations of spaces.

3.1.9.2
maximuin space
space (3.1.9.1 that can be reached by the moving parts of the robot (3.1.1.2)

Note 1 to emtrytrthecomntextof thisdocumneTnt, rmaximunT Space Tefers to the robot appiication ( 3-1-1#wirith includes

the space (3.1.9.1) reached by the end-effector (3.1.2.3) and workpiece(s).
Note 2 to entry: In the context of mobile platforms (3.1.2.10), maximum space is indeterminate.

3.1.9.3

operating space

portion of the restricted space (3.1.9.4) that is used while performing all motions commanded by the task
program (3.1.4.1)

Note 1 to entry: In the context of this document, operating space refers to the robot application (3.1.1.4) which includes
the space (3.1.9.1) reached by the end-effector (3.1.2.3) and workpiece(s).

© IS0 2025 - All rights reserved
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3.19.4
restricted space
portion of the maximum space (3.1.9.2) restricted by limiting devices (3.1.9.5)

Note 1 to entry: When the restricted space refers to the robot system (3.1.1.3), this includes the space (3.1.9.1) reached
by the end-effector (3.1.2.3).

Note 2 to entry: When the restricted space refers to the robot application (3.1.1.4), this includes the space (3.1.9.1)
reached by the end-effector (3.1.2.3) and workpiece(s).

3.1.9.5

limiting device
limiting function
means thft reduces the range of motion to a portion of the maximum space (3.1.9.2), resulting in the]restricted
space (3.1.9.4)

Note 1 to pntry: The ISO 12100:2010 definition of a limiting device is broader, encompassing mere’than [motion. In
ISO 12100} it is a device that prevents a machine or hazardous machine condition(s) from exceeding a desjgned limit
(space limit, pressure limit, load moment limit, etc.).

Note 2 to ¢ntry: Limiting device(s) can be fulfilled by safety function(s) (3.1.8.1), e.g. software-based limiting (3.1.8.8).
See safegu@ird (3.1.10.2).

3.1.9.6
safeguarfed space
space (3.1.9.1) where safeguards (3.1.10.2) are active or where thepérimeter safeguard (3.1.10.3)] provides
protectiof

Note 1 to gntry: This sometimes refers to the space within perimetérsafeguarding (3.1.10.3).
Note 2 to gntry: This can change dynamically.

3.1.9.7
hazard zpne
any space|(3.1.9.1) within and/or around machinery in which a person can be exposed to a hazard [3.1.6.1)

[SOURCE:|ISO 12100:2010, 3.11]

3.1.9.8
task zong¢
any pred¢termined space (3.1.9.1) within and/or around the robot application (3.1.1.4) in which|operators
(3.1.7.3) can perform a specifiegdyactivity

3.1.9.9
detection zone
zone within which aspecified test piece will be detected by the sensitive protective equipment (3.1.]10.6)

Note 1 to gntry: Thewdetection zone can also be a point, line or plane.

[SOURCE;| IEC*61496-1:2020, 3.4, modified — addition of the note to entry and deletion of “electrp-” before
“sensitivel’]

3.1.9.10

separation distance

shortest permissible distance between any moving hazardous part of the robot application (3.1.1.4) and any
operator (3.1.7.3)

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

3.1.10.1

protective measure
measure intended to achieve risk reduction, implemented

— by the designer (inherently safe design, safeguarding and complementary protective measures,
information for use); and/or

— by the user (organization: safe working procedures, supervision, permit-to-work systems; provision and
use of additional safeguards; use of personal protective equipment; training).

[SOURCE: I1SO 12100:2010, 3.19]

3.1.10.2

safeguarfd

guards ot protective devices (3.1.10.5)

Note 1 to ¢ntry: Protective devices (3.1.10.5) include a broad range of means by which to reduee or contrd
example:

— interlpcking devices for guards,

— sensit

— safety]

— limitin

ve protective equipment (SPE) (3.1.10.6),
functions (3.1.8.1) that replace a protective device (3.1.10.5),

g devices (3.1.9.5),

I risks, for

, robot cell

a hazard
S

— limite{d movement control device.

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

3.1.10.3

perimetdr safeguard

safeguard|(3.1.10.2) that surrounds one or more Safeguarded space(s) (3.1.9.6)

Note 1 to ¢ntry: A perimeter safeguard can epcompass portion(s) of or an entire robot application (3.1.1.4
(3.1.1.8) or machine, and can consist of guards-and protective devices (3.1.10.5).

3.1.10.4

impeding device

any physical obstacle (low bartier, rail, fixture, etc.) which, without totally preventing access tq
zone (3.19.7), reduces the priebability of access to this zone by offering an obstruction to free acce
[SOURCE:|ISO 12100:2010) 3.29, modified — “fixture” has been added.]

3.1.10.5

protective device

safeguard|(3.2.10:2) other than a guard

Note 1 to antrey: Fvnmp]pc of types anr'nfpr'f‘iwa devices are prnvidnd in3281t032890f1S012100:2010
[SOURCE: ISO 12100:2010, 3.18, modified — Note 1 to entry has been adapted.]

3.1.10.6

sensitive protective equipment

SPE

equipment for detecting persons or parts of persons which generates an appropriate signal to the control
system to reduce risk to the persons detected

[SOURCE: ISO 12100:2010, 3.28.5, modified — Note 1 to entry has been deleted.]
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presence
PSD
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-sensing device

sensitive protective equipment (3.1.10.6) that creates a sensing field, area or plane for detecting the presence
of a body part or the whole of a person

Note 1 to entry: Pressure-sensitive protective devices (3.1.10.9) can be used as tripping devices as well as presence-
sensing devices, as mentioned in ISO 12100:2010, 3.28.5 NOTE to entry.

e-sensing

r include a

PE.

letect the

gnal when
ensor and

ing devices

.10.4), see

[SOURCE: ISO 13856-3:2013, 3.2]

3.1.10.8

electro-sensitive protective equipment

ESPE

assembly| of devices and/or components working together for protective tripping or preSeng
purposesfand comprising at a minimum:

— asenging device;

— contrplling/monitoring devices;

— outpyt signal switching devices and/or a safety-related data interface

Note 1 to ¢ntry: The safety-related control system associated with the ESPE, or*the ESPE itself, can furthe
secondary|switching device, muting functions, stopping performance monitor, etc. (see Annex A).

Note 2 to gntry: A safety-related communication interface can be integrated’in the same enclosure as the E§
[SOURCEIEC 61496-1:2020, 3.5 modified — “may” changed to<¢an” in Note 1 to entry.]

3.1.109

pressuretsensitive protective device

PSPD

sensitive protective equipment (3.1.10.6) of the “meéchanically activated trip” type intended to ¢
touch of g person or body part of a person

Note 1 to ¢ntry: A pressure-sensitive protective device consists of a sensor or sensors, which generates a si
pressure if applied to part of its outer surface;and a control unit, which responds to the signal from the
generates an output signal(s) to the contrdl.system of a machine.

Note 2 to gntry: Pressure-sensitive protective devices can be used as tripping devices as well as presence-sens
(3.1.10.7), ps mentioned in ISO 12100:2010, NOTE in 3.28.5.

Note 3 to [entry: For the definitions of sensitive protective equipment (3.1.10.6) and impeding device (3.]
IS0 1210042010, 3.28.5 and™3:29, respectively.

[SOURCE:|ISO 13856%3:2013, 3.1]

3.1.11 Verification and validation

3.1.11.1

verification

confirmation, through the provision of objective evidence, that specified requirements have been fulfilled

Note 1 to entry: Verification determines if the design meets its specification, e.g. through review, measurement,
analysis, or inspection.

[SOURCE: ISO 9000:2015, 3.8.12, modified — Notes 1, 2, 3 to entry have been deleted and a new Note 1 to

entry has

been added.]
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validation
confirmation, through the provision of objective evidence, that the requirements for a specific intended use

or applica

tion (3.1.1.5) have been fulfilled

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

[SOURCE:

IS0 9000:2015, 3.8.13, modified — Note 1 to entry has been added.]

3.1.12 Contact-related

3.1.12.1

body mo
represent
propertie

3.1.12.2
complian
exhibiting
Note 1 to ¢
3.1.12.3
quasi-sta

contact td
be clampg

el
ation of the human body consisting of individual body segments characterized by biem
5

-+

r deformation of material or mechanism when subjected to a force

ntry: The reciprocal of stiff (e.g. compliant linkage, compliant surface).

tic contact
an operator (3.1.7.3) from moving part(s) of a robot application (3.1.1.4), where the bod]
d between a moving part of the robot application (3.1:3.4) and another fixed or moving

echanical

y part can
art of the

applicatiop (3.1.1.5)
Note 1 to ¢ntry: This includes contact from the manipulator (3:1:2.7), moving parts attached to the manipulator (e.g.
cables, hodes), end-effector (3.1.2.3), and workpiece.
3.1.12.4
transient contact
brief contiact to an operator (3.1.7.3) from moying part(s) of a robot application (3.1.1.4) where the pody part
is not clathped and can recoil or retract frem:the moving part of the robot application (3.1.1.4)
Note 1 to|entry: This includes contact_from the manipulator (3.1.2.7), moving parts attached to the manipulator
(3.1.2.7) (g.g. cables, hoses), end-effector(3.1.2.3), and workpiece.
3.2 Abbreviated terms and symbols
Abbrevjiated
Term Occurrence
term or §ymbol
2D/ BD Tw@-dimensional / three-dimensional 4.2
3H Three-position [enabling device] 5.7.6,5.7.7
. . Annex M, M.1, M.2, M.3.4, Figure M.2,
Surface area (2-dimensional) of contact Formulae M.1, M.5. M6
A Ampere, unit of electrical current Annex C, Table C.2
. Annex C, C.2.1.4.1, Annex E,
Al Avoidable Tables C.7 E1 E.2, E.5
. Annex C, C.2.1.4.1, Annex E,
A2 Reasonably avoidable Tables C.7 E.L E.2, E.5
. Annex C, C.2.1.4.1, Annex E, Tables C.7,
A3 Not avoidable E1E2 ES
AlS Abbreviated Injury Scale Annex M, M.3.1, Table M.2, footnote b
AlS1 Abbreviated Injury Scale 1 Annex M, M.3.1, Table M.2, footnote b
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Abbreviated
term or symbol

Term

Occurrence

5.8.6.1,5.8.10, Annex ], ].2.3,].2.9,

AOPD Active Opto-electronic Protective Device Annex K, K.2.3,
Figures].4,].5].6, K.3,
AOPDDR Active Opto-electronic Protective Devices Responsive to| 5.8.6.1, Annex], ].2.9, Annex K, K.2.3,
Diffuse Reflection Figures].7, K.4,
N . Annex C, C.2.1.4.1,C.2.1.4.2,
AP Possibility of avoidance Tables C.6, C.7
Probability of avoiding or limiting harm, denoted as Avl,| AnnexE, E.2.2; Tables E.1,E.3, E.4;
Av
Av3 or Av5 Formula E.1
. . 5.89.1, Annex L., Formulh L.1,
C Intrusion distance Figure L. ﬁq'
°d Degrees in Celsius, unit of temperature Annex C Q@v
cnj Centimetre, unit of distance Annex N Elgure N.6,
Cat Category, as in stop category or functional safety architec-| 5.5.3, Annex Annex D,|Annex E
’ ture, denoted as B, 1, 2, 3, or 4 ables D.1,E.2
CL Claim Limit (of a SIL) '\ex E,E.2.2, Table E.4
CNLC Computer numerical control machine \O)U Annex D, Table D.1
D Distance é\‘ Annex L, Figure L.1
D Dominant body side /\4' Annex M, Table M.1|
D Duration of a single exposure in minutes O\) Annex C, C.2.1.3.4, Formdla C.1
DCayg Average diagnostic coverage , ‘\\\ K 5.5.3
bl [Harm/] Damage likelihood 0:\V Annex C, C.2.1.3.5.4, Table C.5
E Transfer energy ) \'\Qv Annex M, Table M.5, Formulap M.1, M.2
E Exposure (to a hazard) . O) Annex C, C.2.1.3.4, Formyla C.1
EQ Exposure prevented ‘A\v Annex E, E.2.3, Tables E.[l, E.5
N\ Annex C, C.2.1.3.2, Annéx E,
E1l Low exposure to hazard B C\){‘ Tables E1 E.2, E.5
Q AnnexC, C.2.1.3.2, Ann¢x E,
E2 High exposure to hazard Tables E1 E.2, E.5
EMLC Electromagnetic cqn@tlblhty 5.5.10
EOAT End-of-arm toolifig ~ 3.1.2.3
Q- 3.1.10.8,5.8.1, 5.8.6.1, 5.8.9.1, Annex,
ESHE Electro-s&J ive protective equipment ].2.6, Annex K, K.1, K.2.3, Annex L,
O Figure L.2
Y4
F Fn\?QEncy, denoted as F1 or F2 Annex C, C.2.1.3.4, Formdla C.1,
A\ Annex E, Formula E.[L
\
Fr \}requency and duration of exposure, denoted as Fr3 or Fr5 Annex F, E.2.2, Tables E.§, E.4,
,(?“ Formula E.1
N
F. % Threshold force auasi-static contact Annex M, Table M.2, Annex N, N.2.4.6
max x Figure N.7, Formulae M.1, M.6
F Threshold force, transient contact (multiplier of quasi-static| Annex M, Annex N, N.2.4.6, Table M.3,
T force) Figure N.7, Formulae M.2, M.5
Fgp Actual maximum force, quasi-static contact Annex N, N.2.4.6, Figure N.7
Fra Actual maximum force, transient contact Annex N, N.2.4.6, Figure N.7
Frrig Trigger force Annex N, N.2.4.6
h Hour 5.5.2,5.5.3, Annex C, Table C.1,
Table C.3
H 1 000 mm minimum height of impeding device Annex], Figure |.6
HFT Hardware fault tolerance 5.5.2,5.5.3, Annex D, Table D.1
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Abbreviated
term or symbol

Term

Occurrence

4.3.1,5.5.7.1,5.14.3,5.14.4,5.14.4.1,

HGC Hand-guided control 5.14.4.2, Annex C, Annex [, 1.3.1,
Table C.1, Figure I.1
. Annex C,C.2.1.4.2,C.2.1.4.3,C.2.1.4.4;
HP Hazard perception Tables C.6, C.7
Hz ?ertz, unit of alternating current or electromagnetic wave Annex N. N.1.4
requency —
I/0 Input(s)/Output(s) Annex F, Table F.1
IH Incident history AnnexC, C.2.1.3.5.4, Table C.5
IM§S Integrated manufacturing system 5.3.1,5.3.5 {~
] Joule, unit of energy Annex M Takﬂé M.4
Annex M(j“%l‘ khe M.3}
. . . . . Formulae s M.2, M.5,|M.6,
K Effective spring constant (stiffness) for a specific body region Annﬁ N, N.LINVALS, N.5.2, Table N.1,
}Q.P’lgure N.1
kg Kilogram, unit of mass Annex % Table M.3 Annex N| Table N.1
KHk Kilohertz, unit of alternating current or electromagnetic \@ Annex N, N.1.4
wave frequency \
kP Kilopascal, unit of pressure and stress & Annex C, Table C.2
Ix Lux, unit of light intensity per unit of area OQ 5.15.4, Annex H
AN .
. \\ 3.1.2.8, Annex M, Figure: M.}, Formu-
M| Mass per manipulator s\o, la: M4
m| Metre, unit of distance R o 7.5.19, Annex L, L.2]
—
Effective mass of the human body regi nd the effects Annﬁle\i,{&;ngxblil, Ml?/[43 Ig'i'él'l'
my of that body region being connected toether body regions Lottty ADIES | RS, LA
Q Figure: M.2, Formula: M.3
m Effective mass of the payloa ‘}v\fhe robot application| Annex M, M.3.4, Figures: M.2, M.3,
] (specified maximum payload, ¢ e application) Formula M.4
m Effective mass of the mov1r£,1barts oftherobotasafunction| AnnexM, M.3.4, M.3.4.1, Taple M.2,
R of robot posture and n‘inon Figures: M.4, Formulae: M3, M.4
mA Milliampere, unit @‘trical current Annex C, Table C.2
O 3.1.8.6,5.5.6.1,5.5.6.2, 5.7.2.4.2, 5.7.7.2,
min Millimetre, @df distance 5.8.5.1,5.12.2.1,5.12.2.2, Annex M,
(uO Annex N, Table M.5, Tablle N.1
MTTF, Mean @Qo failure dangerous 5.5.3
- Annex C, Table C.2, Annex M|Annex N
N Ne n, unit of force
O Figure N.6, N.7, N.§
NI 5 {on-dominant body side Annex M, Table M.1|
n,l ,..&Y Mean number of annual operations Annex D, Table D.1
Nr ) Eactorforthe numhor of persons nvpr\onr‘ %%Mla C1
. Annex C,C.2.1.3.5.1, Annex E, E.2.1,
01 Probability of occurrence - low Tables: C.5, E.1 E.2
. . Annex C, C.2.1.3.5.1, Annex E, E.2.1,
02 Probability of occurrence - medium Tables: .5, E.1 E.2
. . Annex C, C.2.1.3.5.1,C.2.1.3.5.2,
03 Probability of occurrence - high AnnexE, E.2.1, Tables: C.5, E.L E.2
0S Operator skill / information Annex C, C.2.1.4.2, Tables: C.6, C.7
Annex M, Annex N, M.3.4.1, N.2.4.6
Ppax Threshold pressure, quasi-static contact Table M.2, Figure N.7, Formu-

lae: M.1, M.6
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Abbreviated
term or symbol

Term

Occurrence

Threshold pressure, transient contact, a multiplier of qua-

Annex M, Annex N, N.2.4.6, Table M.2,

Py si-static pressure Figure N.7, Formula M.5
Pg, Actual maximum pressure, quasi-static contact Annex N, N.2.4.6, Figure N.7
Prp Actual maximum pressure, transient contact Annex N, N.2.4.6, Figure N.7
Prig Trigger pressure Annex N, N.2.4.6
PFH Average frequency of a dangerous failure per hour 5.5.2,5.5.3, Annex D, Table D.1
4.3.1,5.5.6.1,5.7.7,5.9.4,5.14.3,
5.14.4.1,5.14.5.1, 5.14.6, 5.14.6.1,
PF - — — 51463 Annex B Figure B6. Annex C
owerand force lmitig Annex I, Annex ], Annex %XHHEXN
1.3.2,].21,M.1, M.2, M 3¢ N1, N.2.1,
N.4, N.4.3, Table @ Figufe 1.2,
Annex M, Annex l\I M é 4,N.1.1, N.1.2,
. . N.2.3,N.2.4, NZ‘%J .1, N.2.4.1 2 N.2.4.2,
PFMD Pressure and/or Force Measuring Device N.2.4.3 N.24. N.5, Nb.2, N.5.3
N.5.4, Eigures: M,M,MB N.4
4.1,5. 5.5.3, Annex C, C.1}Annex D,
PIL Performance Level, denoted as PL a, PLb,PLc,PLdorPLe x E, E.1, E.2, Tables: (.1, D.1,
% " E. (footnote), E.2, EJ5
O
<r 41,5.5.3, Annex C, Annex E] Annex |,
PL} Required Performance Level QO C.1,E1,E2.1,E23,13.2,
\Q Tables: C.1, E.1 (footnote), E.2, E.5
ANY
PLC Programmable logic controller KS Annex D, Table D.1
PPE Personal protective equipment @ ) Annex|, 1.2.3
p Probability of occurrence of hazardous (g‘ﬁt denoted as| Annex E, E.1, E.2.2, Tables: E.||, E.3, E.4,
Pr1, Pr2 or Pr3 Formula E.1
PSD Presence-sensing device A\ 3.1.10.7
ps Pounds per square inch, unit otpry’&;}sure and stress Annex C, Table C.2
PSPD Pressure-sensitive protectfi&g@vice 3.1.109
PTHE Polytetrafluoroethylene, () Annex N
Q 3.1.8.6,5.5.6.2, 5.5.6.2, 5.7.2.3.2, 7.5.19,
S Second, unit of tim Annex C, Table C.2, Annex M,|Annex N
Table M.5, Figure N.6, N.J/, N.8
. O’ . Annex C,C.2.1.2.1, Annex E, E.1, E.2.1,
S1 Severlty});;\ﬁ;)neter— minor Tables: C.2, E.1, E.2, L5
2 Severi ;rameter — moderate Annex C,C.2.1.2.1, Annex E, E.1, E.2.1,
& Tables: C.2,E.1, E.2, B.5
S3 ‘grit arameter — serious Annex C, AnnexE C.2.1.2.1, k.1, E.2.1;
R yP Tables: C.2, E.1, E.2, .5
&Y‘ . . Annex C,C.2.1.2.1, Annex E, E.1,E.2.1
S4 % Severity parameter - catastrophic Tables: C.2, E.1, E.2
Se Severity, denoted as Sel, Se2, Se3 or Se4 Annex E, Tables: E.1, E.4
Contribution to the separation distance attributable to the Annex L. Fieure L.1
Sh operator’s change in location until the robot application HIBULE L.t
Formulae: L.1, L.2, L.3
has stopped
s, Separation distance Annex L F1g1.1re L.1, Formula L.1,
Figure L.1
s Contribution to the separation distance attributable to the Annex L, Figure L.1,
r robot application reaction time Formulae: L.1, L.4, L.5
s Contribution to the separation distance that occurs while Annex L, Figure L.1, Formulae: L.1, L.6

the robot application is stopping until it stops
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Abbreviated
term or symbol

Term

Occurrence

Shore A, unit of measurement of the hardness of a material,

Shore A i.e.,, resistance to indentation, obtained by use of a shore Annex N, Table N.1
durometer
4.1,5.5.2,5.5.3, Annex C, C.1, Annex D,
SIL Safety Integrity Level, denoted as SIL 1, SIL 2, or SIL 3 Annex E,E.1,E.2.2,
Tables: C.1,D.1, E.1 (footnote), E.3, E.4
3.1.10.6,5.8.4,5.8.6.2,5.8.6.3,5.8.8,
SPE Sensitive protective equipment 5.12.2.3, Annex B, Figure B.5, Annex |,
].2.3,].2.8,].2.9, Figure ].3, ].4, ].5
SE Systemrrebustness Ares 24354 Fable C.5
5.5.1,5.5.2,5.5.3, Ann lable F.1,
SRP/CS pr SCS |Safety-related part of the control system Annex |, Fi 4
4.3.1,5.14.3,5.14.4) ~g.14.5, 5.14.5.1,
SSM Speed and Separation Monitoring 5.14.5.2, Annex€; Annex F, Annex L,
L.2, L.3, Tables:"C.1, F.1, Figure L.1, L.2
tor|T Time Annex C, Afmex L, Table C.3, Figure L.1
. . . . . . ( )Annex L, Figure L.1
T, dt Time (T) and the differential for the integration variable (dt) \@mulae: L2 L3 L4 L5 L6
: " AnnexL Figure L.1
ty Present or current time R Formulae: L2, L.4, L.5|L.6
T Reaction time of the robot application, excluding theén) Annex L, Figure L..1
1 for the robot application to come to a stop \ Formulae: L.2, L.3,L.4, L]5, L.6
T Stopping time of the robot application, from the é(txation Annex L, Figure L..2
9 of the stop command until the robot applicatiqp\®s stopped Formulae: L.2, L.3, L|6
Ttrlg Trigger time K\ - Annex N, N.2.4.6
N
TCP Tool centre point A\Q) 3.1.213, 5.2.14,5.9.6, 7.5.8, gnnex L,
~ L2
TCP/YDP Transmission control protoco liser datagram protocol, 5216
describing types of ports for trarismission or receipt of data —
\\
Annex M
Reduced mass of the tv&o-;‘;)dy system Formulae: M.2, M.3, M.5| M.6
Volt, unit of electri(ﬁéntial or electromotive force Annex A, Table A.1
. C)v Annex L, Figure L.1
Y veloclty - Formulae: L.2, L.4, L.5|L.6
v D1rec.ted ofan operator in the safeguarded space in Annex L, Figure L.1, Formlila L.2
the direetion of the moving part of the robot application
v Di e@e}fspe_ed of the robot application in the direction of Annex L, Figure L.1, Formulag: L4, L.5
1 angperator in the safeguarded space
< eed of the robot application during stopping, from the
vy &?‘ activation of the stop command until the robot application Annex L, Figure L.1, Formpla L.6
has stopped
— Relative speed between moving parts of the robot appli- .
Vrel cation and human body region Annex M, Figure M.Z, Formula M.2
Maximum relative speed between moving parts of the robot .
Vrel,max application and hurlrjlan body region &P Annex M, Figure M.4, Formula M.6
VBPD Vision-Based Protective Devices 5.8.6.1
w Rotational speed Annex M, Figure M.3
Position uncertainty of the operator as measured by the
Zy PSD, resulting from the accuracy of the sensing system Annex L, Figure L.1, Formula L.1

measurement

© IS0 2025 - All rights reserved
18



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Abbreviated
term or symbol

Term Occurrence

Z

Position uncertainty of the robot application, resulting

- from the accuracy of the robot application position meas- Annex L, Figure L.1, Form

ulaL.1

urement system

4 Risk assessment

4.1 General

A risk assessment in accordance with ISO 12100:2010 shall be performed for the robot application(s) and if

applicablg, the robot cell(s).

NOTE 1
reduction.

NOTE 2
end-effect

NOTE 3

or perfornjing a risk assessment using the parameters and thresholds of C.2 for risk-estimation.

NOTE 4

C.2 are usgd. See 5.3.

NOTE 5

NOTE 6

including descriptions of various methods and tools, see ISO/TR(14121-2:2012.

The integ

4.2 Chgracteristics of robot applications‘and robot cells

The chargcteristics of robot applications ahd robot cells can be significantly different from thos

machines

a) robofapplications and their wotkpieces are capable of high energy movements through a larg

b) thein

EXAM

on conpditions that arehot obvious, and running different program.

c¢) theo

|
)

— t

ISO 12100:2010 provides requirements and guidance in performing hazard identificatior]
Annex A contains a list of hazards that can be present with robot applications.and-robot cellg
prs and manual load/ unload stations.
Annex C contains safety function performance requirements with a choicé of using the listed p¢

Annex E contains examples for determining the PL . or required SIL when the risk estimation par

See IEC 60812:2018 for information about failure mode and.effects analysis.

For practical guidance on conducting risk assessment-for machinery in accordance with ISO 1

rator should seek participation of the user when conducting the risk assessment.

and equipment. The risk assessmént shall include the following aspects, if relevant:

PLE Changesandvariations can be due to handling of various size parts, changing motion p

perating space of the robot application and its workpiece(s) can overlap

portion of other robot applications' operating space(s) and their workpiece(s);

and risk

including

rformance

Ameters of

2100:2010

e of other

P space;

itiation of movementand the path of the robot application are difficult to predict and can vary;

hths based

hé-task zones for other machines and related equipment;

— task zones of operators.

d) end-effector selection and design can be used to reduce risks due to hazards of the end-effector and of
workpiece(s).

— €

nd-effectors interact with workpieces and other parts of the robot application;

— cleaning and maintenance can require frequent interactions, e.g. extended operator interaction with

a

n adaptive fixture for variable presentation of workpiece or assembly;

— troubleshooting is also a consideration;
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NOTE See 5.9 and Annex [.

e) robot applications can vary greatly, as will the tasks associated with these uses, where the tasks can
include:

1) commissioning;
2) process control and monitoring;
3) workpiece loading;

4) performing operations on the workpiece(s);

5) teaching programming and verifving:
orr [=] (=] J o7

6) operator intervention not requiring disassembly;

7) ehtering and/or leaving the safeguarded space;
8) starting and stopping the robot application;
9) tasks involving more than one operator;

10) tpsks involving more than one robot;
11) sptting-up (e.g. fixture changes, end-effector exchange, process équipment refresh or adjustment);
12) troubleshooting;

13) cprrecting malfunction(s) (e.g. equipment jams, dropped parts, event recovery);

14) cpntrol of hazardous energy (including fixtures, ¢lamps, turntables, and other equipment);

15) iptegrating hardware and software with locabcell control systems or wider enterprise sy$tems;
16) iptegrating local 2D/ 3D vision systems;
17) mpaintenance and repairing;

18) equipment cleaning;

19) application changes;

20) re-deploying of the robotapplication or robot cell;

21) decommissioning;
22) dlisposal.

f) operdtor tasksvnot associated with the collaborative application could have travel path(s) through a
collabporatiyeapplication’s safeguarded space, requiring this additional consideration when detfermining
the c¢llaborative application layout and access requirements.

4.3 Characteristics of collaborative applications

4.3.1 General

In addition to 4.2, the risk assessment of collaborative applications shall include the following aspects, if
relevant:

a) operators can work near the robot application while power to the robot actuators and end-effector(s)
are available;
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b) collaborative applications can use one or more of the following safety functions:
— hand-guided controls (HGC) (5.14.4);
— speed and separation monitoring (SSM) (5.14.5);
— power and force limiting (PFL) (5.14.6).
c) there is the potential for intended or reasonably foreseeable unintended contact situations from the
moving parts of the robot application to operator(s);
d) collaborative applications can have additional tasks to those listed in 4.2 e); these collaborative tasks
can include the following:
1) dluring production or normal operation, there can be greater frequency and duration of:
- operator presence in the safeguarded space with a moving robot application (elg-"collaborative
assembly with external fixtures);
-+ contact (e.g. hand guiding, physical interaction with tool or workpiece);
- operator interaction with the robot application.
2) transitioning between non-collaborative and collaborative use;
3) automatic or manual restart of motion after the collaborative/application has been complgted;
4) tasks involving more than one operator.
NOTE See 5.4 for the layout. See Annex B for illustrations of-Spaces, Annex M for collaborative gpplication

biomecharjical limits, and Annex N for pressure and force measurement.

4.3.2 Riisk assessment for contacts between moying parts of the robot application and operator(s)

Risk assefsment shall consider hazardous situations in which possible contact could result in harm to the
operator. Risk assessment shall consider means(of reducing the possible contact where practicable gnd where
not practicable, the contact situations shall not'result in harm to the operator. This shall be achievdd by:

This identification(shall consider the following criteria for potential contact events:

a)
b)

)
d)

e)

ident]fying conditions in which such contact would occur;
evaluating the risk potential for.such contacts;
desighing the robot application and safeguarded space so that such contact is infrequent and gdvoidable;

applyling risk reductief® measures to keep the contact situations below pressure and force [threshold
limit palues.

expoged,opé€rator body regions;

Orl 11 of coantact D"IDY\"'C‘ 1a dntantional action Ac ot r\F intandad 11ca varcnic nnintantional Ontact or
gil-sicontacteventsie—inteptionalackHonas partolintendeduseversusunintentional

reasonably foreseeable misuse;
probability or frequency of occurrence;
type of contact event, i.e. quasi-static or transient (see 5.14.6.2);

contact surface areas, speeds, forces, pressures, momentum, mechanical power, transfer energy, and
other quantities characterizing the physical contact event.

NOTE For information about ergonomic design principles related to mental workload, see ISO 10075-2:2024.
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5 Safety requirements and risk reduction measures

5.1 General

Robot applications and robot cells shall be designed according to ISO 12100:2010 for relevant but not
significant hazards which are not dealt with by this document. Robots applied in robot applications shall
conform with the requirements of ISO 10218-1:2025.

Figure 1 shows the organization of Clause 5.

5.1 General
5.2 Design

NOTE

5.2 Desi

Y TNk

e\

5.3 Robot cell integration

5.4 Layout

5.5 Safety functions
5.6 Stopping
5.7 Control functions

/5.8 Safeguards and their use
5.9 End-effectors
5.10 Vertical transfer components
5.11 Lasers and laser equipment
5.12 Material handling, manual load/unload stations and material flow
5.13 Adjacent robot cells
Q.14 Collaborative applications

L

5.15 Assembly, installation and commissioning

5.16 Maintenance

IS

Figure 1 — Clause 5 structure

Metheds of verification and validation of the requirements in this clause are in Clause 6 and Ann

R YA

y

-

ex H.

T

5.2.1 General

The design shall be based on the information for use provided with the robot, end-effector and the associated
machinery and equipment. The design shall conform with the requirements as described in 5.2.2 through 5.2.16.

NOTE

Suitable housings and covers can be used to mitigate potential hazards.
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5.2.2 Materials, mechanical strength and mechanical design

5.2.2.1 General

Robot applications and robot cells shall be designed and constructed to prevent hazardous situation(s) which
result from failure due to fatigue and wear. Design and manufacturing shall take into account the lifecycle of
the intended use (e.g. transportation, installation, operating conditions and maintenance in accordance with
Clause 7, information for use).

Robot applications and robot cells shall be designed and constructed to take account of the constraints (e.g.
protective gloves and control device push button dimensions) to which the operator is subject as a result of
the use of personal protective equipment for the intended application.

5.2.2.2 |Materials
Materials|used shall:

a) be sdlected to be appropriate for the intended use (e.g. resistance to corrosion; abrasion| impacts,
fatigye, deformation, aging);

b) notendanger persons' safety or health;
c¢) benopn-toxicin all reasonably foreseeable conditions of use;

d) notbg prone to brittle fracture, excessive deformation, or emissiofl of toxic or flammable fumgs;

e) retaip their properties in the reasonably foreseeable range' of climatic and workplace cpnditions,
includling temperature variations or sudden changes.

Where flyiids are used, the design and construction shall'address risks due to filling, use, refovery or
draining.
5.2.2.3 |Mechanical strength

The partd of the robot application shall be designed and constructed to withstand the loads expectled for the
intended ppplication and the expected opérating conditions.

The partg of the robot application involved in lifting operations (e.g. lifting workpieces or toolq) shall be
designed pnd constructed to:

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

— undefgo, withoutfailure, dynamic tests using the maximum payload multiplied by the dynamic test
coefficient, where-the dynamic test coefficient shall be at least 1,1.

Dynamic fests shall be performed at maximum speeds. If simultaneous movements can be prograihmed, the
tests shal| bedd@ne using the least favourable conditions.

Where c 111p1ctc TOpPES are usedfor hftiug furrctions;the TOpES arrd-—tiretr t—;udiugb strat-travea"minimum
working coefficient of 5. Where chains are used for lifting functions, they shall have a minimum working
coefficient of 4.

NOTE Complete ropes are finished assemblies which are designed to meet the requirements for use in lifting.

5.2.2.4 Mechanical design
The parts of the robot application shall be designed and constructed such that

— exposed sharp edges and corners unnecessary for the robot application and accessible to operator(s)
shall be eliminated;
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— hazardous projections and corners unnecessary for the robot application and accessible to operator(s)
shall be eliminated;

— any exposed sharp edges, sharp corners and hazardous projections that are necessary for the robot
application shall be reduced as far as reasonably practicable.

Hazardous mechanisms that enable motion shall be installed or mounted such they are normally inaccessible.

Exposure to hazards caused by components such as motor shafts, gears, drive belts, or linkages which are
not protected by integral covers (e.g. panel over a gear box) shall be prevented either by fixed guards or
movable guards according to ISO 14120:2015. The fixing systems of the fixed guards which are intended to
be removed for routine service actions shall remain attached to the robot, machine or equipment or remain

attached to the guard. Movable guards shall be interlocked with the hazardous movements in st

ich a way

that the hpzardous machine functions cease before they can be reached.

Where a risk of rupture or disintegration remains despite the measures taken, the partscencel

ned shall

be mounted, positioned and/or guarded in such a way that any fragments will be contained, preventing

hazardoug situations.

The design shall ensure that errors when fitting or refitting certain parts which(cotld be a souj
shall be pfevented by the design and construction of such parts. If not practicable; information foj
be provided at least on the parts themselves and/or their housings.

523 P

Instructid
intended 1

NOTE 1
integrator

NOTE 2

5.2.4 Hazardous substances

Robot apj
contact of

Where th
that thos
another e

Where th
containm

52.5 S

To preven

rovisions for lifting or moving

ns and provisions for lifting or moving parts of the rgbet application shall be provi
o be moved after initial installation. The provisions shallbe capable of handling the anticip

For the lifting or moving of robot applications and¢its components, the information provig
can be sufficient, which could include a specific robet\pose.

The robot could be transported with parts moutited on the robot, e.g. end-effector, wiring, hoseg.

plications shall be designed andcenstructed in such a way that risks of inhalation, ing
hazardous materials and substances shall be prevented.

e use of hazardous substdnges cannot be eliminated, the robot application shall be desi
b substances can be contained, evacuated, precipitated by water spraying, filtered or t
ffective method.

ce of risk
use shall

Hed when
ated load.

ed by the

pestion or

bned such
reated by

e application dees not allow the total enclosure of the substances during normal ¢peration,

ent and /or eyacuation shall be designed to be effective.
[ability

t tipping and falling-over, components of robot applications shall be:

— affixed to be stable (e.g. to other components, rails, tracks, mobile platforms, the floor or parts of the
building structure); or

— stable itself for installation, operation and use.

Where components are used that move on rails, they shall be provided with means to prevent derailment
when practicable. If risk of derailment or overturning persists due to a failure of a rail or of a moving
component, means shall be provided to prevent the components or workpiece from falling or overturning.

NOTE

The component could be the robot or any part of the robot application.
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5.2.6 Temperature and fire risks

The design of the robot application shall be such that the temperatures of accessible surfaces are according
to ISO 13732-1:2006 and 1SO 13732-3:2005.

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

Where there is a risk of fire or overheating, the design principles of ISO 19353:2019 shall be applied.

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

5.2.7 Special equipment

Special equipment and accessories to enable the robot application to be adjusted, maintained and-used safely
shall be sfipplied or made available.

NOTE Usual workplace equipment, e.g. ladders, spanners, hexagonal keys, is not considéred to |pe special
equipment.

5.2.8 Ppsition holding

Hazardous motion of the robot application shall be prevented by position holding when drive power is lost.
Position Holding shall conform with ISO 10218-1:2025, 5.1.8.

When thq position holding means is provided as part of the robot. it shall be implemented in a¢cordance
with the obot’s information for use.

Position Holding can be achieved using mechanical devices (e,g»brakes, pins, or other technology).
Position Holding can be provided by:

a) safety function(s) to prevent hazardous situations whereby operators are crushed or impacted by the
robot], end-effector, workpiece(s), other machines and sub-assemblies; and/or

b) amednstomaintain posture and/or position of the robot, end-effector and workpiece(s), other|machines
and spb-assemblies to prevent hazardous situation(s) and damage of the workpiece or robot apgplication.

NOTE1 [When provided by a safety function, the capability of configurable monitored position(s) can b¢ provided.
See Annex|0, 0.7.1.

NOTE 2 [See 5.5.4 for failure ox{fault detection.

NOTE 3 [See 5.2.10 about peyver loss or change.

Position
according

olding means-shall be designed and constructed to withstand an overload during static testing
to 5.2.23:

5.2.9 Additional axis (axes)

Additionalaxe g g pb-assemblies,
equipment, the robot a payload) shall conform with relevant requ1rements in thlS document (e.g.5.2.1,5.2.2,
5.2.8, 5.5, 5.6, 5.7). When additional axis motion can affect the TCP speed in reduced-speed manual mode,
the requirements of reduced-speed (5.5.6.1) shall be applied to the additional axes.

If the robot application has additional axis (axes) being operated in coordination with one another, each
axis can move at different speeds. Safeguarding and/or safety functions shall be implemented to protect
operators from the risks associated with the speed differences.

For calibration or other isolated movements of an additional axis,

— high-speed manual mode (5.7.2.3.3) may be used with the monitored-speed parameter set for this use;

© IS0 2025 - All rights reserved
25


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

— itshall notbe possible to actuate other axes when an additional axis operates at greater than reduced-speed.

5.2.10 Power loss or change

Loss or change of electrical, hydraulic, pneumatic or vacuum power shall not result in a hazardous situation.

Re-initiation of power shall not lead to any hazardous movements or a change of the safety-related

paramete

I'S.

Unexpected start-up shall be prevented in accordance with ISO 14118:2017.

NOTE 1

See IEC 60204-1:2016+AMD1:2021 for electrical power supply requirements, ISO 4413:2010 for

and ISO 4414:2010 for pneumatics requirements.

hydraulics

NOTE 2

5.2.11 C

Robot ap
5.2.2, s0
are preve

NOTE
equipment

5.2.12 H

5.2.12.1

Release o
uncontrol
means to

Safe relea
Alabel sh

NOTE 1

chemical, ¢
or not obv
friction or

Where ad
ensure th
Safety fur
of stored

NOTE 2

See 5.9 for end-effectors.

pmponent malfunction

blication components shall be designed, constructed, secured, or contained in accord
hat risks caused by breaking or loosening, or releasing, including thosé.related to storg
hted as far as practicable.

Robot application components can include robot, end-effectors, safegharding, external contro
and machinery, etc.

azardous energy

General

f stored energy shall not cause hazardous sittration(s). A means shall be provided t
led or hazardous release of stored energy.df‘the hazardous energy is potential, there
secure it in a position which can be either-thie energized or de-energized position.

se or containment shall be provided.in accordance with ISO 14118:2017.
hll be affixed to identify the stored‘energy hazard.

Hazardous energy can takes.many forms: kinetic, gravity, electrical, pneumatic, hydraulig
tc. The sources of these enetgies can sometimes be readily identified, however often the sources
ous (e.g. accumulators, capacitors, batteries, springs, counterbalances, flywheels, heat as an outc
other reactions).

ditional axes camsink, drop or drift, means shall be applied either to prevent axis mo|
at resulting motions can be initiated and result in a de-energized position in a contr
ction(s) for-position holding (5.2.8) may be provided to prevent uncontrolled or hazardo
Energy.

Axes that do not maintain position (e.g. axis or axes that hang, drop, sink, drift) can create a sign

ince with
d energy,

lers, other

Db prevent
shall be a

, thermal,
are hidden
bme due to

tion or to
lled way.
1S release

ficant risk

depending

on-the task and frequency or duration of exposure (e.g. standing below the axis [axes] during sel]ting).

Figure 2 shows an example of stored energy in a spring balancer.

EXAMPLE

A hazardous situation can occur when a motor is removed, even though the energy to the robot is
isolated as shown in Figure 2. Upon release, the unexpected motion due to the energy in the spring balancer can cause
crushing, entrapment and more.
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Key
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a  Motoy
b Motio]

5.2.12.2

Means of
be provid
de-energi

The robot
electrical
devices faq

Each isol
necessary
device (e.

For electn

For energ

5.2.13 E

Electrical

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

Figure 2 — Example of stored energy in a spring balancer

Isolation of sources

isolating the robot, end-effector, and robot application from any hazardous energy so
ed. This means shall be provided with capability of locking or otherwise securing o
zed position.

application should have a single supply disconnecting device for each type of energy s
pneumatic, hydraulic). For multiple' robot applications and robot cells, multiple disc
r each type of energy can be necessary.

). The span-of-control for_each of these devices shall be clearly marked near the disc
b. text or symbol).

ical supply disconnecting devices, IEC 60204-1:2016+AMD1:2021, 5.3.1 shall be applied.

y separationand dissipation requirements, ISO 14118:2017 shall be applied.

ectrical, pneumatic and hydraulic parts

IEC 60204

-152016+AMD1:2021

irce shall
hly in the

purce (e.g.
bnnecting

hition device shall be readily identifiable as to what it isolates (e.g. by durable marking where

bnnecting

parts shall be designed and implemented in accordance with the relevant requir¢ments of

Pneumatic parts of the robot application shall be designed and implemented according to the relevant
requirements of ISO 4414:2010.

Hydraulic parts of the robot application shall be designed and implemented according to the relevant
requirements of 1SO 4413:2010.

NOTE

For requirements related to specific sub-assemblies, and components and machines, see relevant IEC or
ISO standards (e.g. IEC 60269-1:2014, IEC 60745-1:2006, IEC 60947-1:2020, ISO 13850:2015).

Electric, pneumatic and hydraulic connectors shall be selected to prevent erroneous connections when this
could lead to a hazardous situation. Where this is not practicable, connectors shall be labelled to lessen the
likelihood of erroneous connection(s).
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5.2.14 Tool centre point (TCP) setting

When the capability to enter tool centre point (TCP) settings has been provided in the robot
(ISO 10218-1:2025, 5.1.14) and failure to enter these settings can create a hazard, the TCP setting shall be
entered in accordance with the robot information for use.

NOTE For additional axis requirements, see 5.2.9.

5.2.15 Payload setting

Where the payload setting is provided in the robot (ISO 10218-1:2025, 5.1.15) and failure to enter these
settings can create a hazard, the payload setting shall be entered in accordance with the robot information
for use.

NOTE The payload setting can be determined by the robot application.

5.2.16 Cybersecurity

A cybersgcurity threat assessment shall be conducted. If the cybersecurity threat assessment idenftifies that
a threat qould result in safety risk(s), cybersecurity measures shall be provided to prevent unauthorized
access to fhe control system(s), its hardware, software, configuration data and the application program(s).

NOTE1 [The means to prevent unauthorized access can include providing 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. logical connectiomn;
— authepticated protection of the safety configuration;

— abilitytochangethedefaultconfigurations (e.g.usernames; user passwords,[Paddressesand safetyauth¢ntication).
NOTE 2 |For guidance about the IT-security (cybersecurity) aspects and ISO 12100:2010, see ISO/TR 221p0-4:2018.
NOTE 3 |For information about security aspectsrelated to functional safety, see IEC TS 63074:2023.

NOTE 4 [For information about industrial communication networks and system security, see IEC 62443-3-3:2013.
5.3 Robot cell integration

5.3.1 General

Other mafhinery and equipment can be associated with the robot application or robot cell. If the gssociated
machinerfy and equipfment have relevant type-C standards, these standards shall be applied.

When mafchines_ are/integrated and not directly controlled by the robot application or robot cell ¢ontroller,

hines and,
if applicable, an IMS (Integrated Manufacturing System) shall conform with the requirements of 5.5 and
Annex C.

Safeguarding shall protect operators against access to the following hazards:
— from other machines;
— within each hazard zone of a robot application and robot cell; and

— atthe interfaces to adjacent hazard zones (e.g. conveyors).
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5.3.2 Span-of-control

In the case of multiple robot applications, multiple robot cells or other machinery, different span-of-control
may be applied. In such cases, the span-of-control shall be set according to the requirements of the task(s)
to be performed or the characteristics of the system (e.g. process flow, equipment structure, entry locations
through perimeter safeguarding, location of other protective devices, hazards inside the safeguarded space).

NOTE See ISO 11161 for information about span-of-control.

5.3.3 Span-of-control of emergency stop function

Actuation of an emergency stop function shall stop:

— all halzardous motion of the robot, end-effector, and workpiece; and
— otherlhazardous movements and hazardous functions:
— in the robot application or robot cell; and
— af the interface(s) between robots, end-effectors, robot applications and robot cells.

The spanjof-control shall be in accordance with ISO 13850:2015, 4.1.2 and bé€ éither perspicuous|or clearly
marked (¢.g. by text or symbol) near the emergency stop device. The emerger¢y stop functions forjthe robot
and its end-effector shall have the same span-of-control. All emergency-stop devices for the same hazard
zone shal| have the same span-of-control. In the event of additional risks due to hazards in the jemainder
of the robot application, the risk assessment may be used to determine whether these risks share the same
span-of-cpntrol.

NOTE See IS0 13850:2015 for more information about the emergency stop span-of-control.

5.3.4 Operational modes with multi-robot applications or robot cells

In a robot] cell with more than one robot system or rebot application, mode(s) may be selected:
— indivjdually on each robot control; or

— for edch robot application; or

— be common for all associated rojot applications in the robot cell.

If a mode|is selected individually-for each robot, it is not necessary that all robots be switched {o manual
mode. Ropot applications that.are not operated manually shall remain in a safe state, independpnt of the
operationfal mode selected; and shall not create a hazard.

5.3.5 Lpcal control;d@emote control and single-point-of-control

The folloying shall*be fulfilled:

— deterjmining what is considered remote control shall be according to 5.7.6.1;

— local control shall be according to 5.7.6.2;
— remote control shall be according to 5.7.6.3;
— single-point-of-control shall be according to 5.7.5.

When local control (5.7.6.2) is selected, other machines and their control systems shall be notified of this
condition. Local control shall not be overridden by remote controls. The local control shall be located to be
adjacent to and have a direct view of the robot cell.

The emergency and protective stop functions shall remain operational during both local control and remote
control, in accordance with 5.6.1.
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5.3.6 Automatic workpiece feeding

Where workpieces are automatically fed, hazards caused by breakage shall be prevented or the risks shall
be minimized by the design and integration.

5.4 Layout

5.4.1 General

The design shall be such that the operator can safely perform all intended and reasonably foreseeable tasks.
The location of the robot application(s), equipment and machinery within the robot cell should not introduce
additional hazards. If additional hazards are introduced, protective measures shall be applied to reduce the
risks assdciated with these hazards, in accordance with Clauses 4 and 5.

Robot applications and cells shall be designed and constructed so that risks due to accessyof coftrols and
equipmer]t (e.g. weld controller, pneumatic valves) during automatic operation have been ass¢ssed and
reduced.

The layoyt and anticipated tasks shall be reviewed to eliminate trapping and crushinhg possibilities within
the robotlapplication restricted space.

EXAMPLE The robot application can include fixtures, manual load/unload+station (5.12.2), materidl handling
equipment (5.10), end-effector changing systems (5.9) and process-related equipment.

The layoyt shall allow operator tasks to be performed from outside the safeguarded space. Where it is
necessary to perform tasks within the safeguarded space(s), there’shall be safe and adequate acdess to the
task locatlions. Access paths and means shall not expose operaters to hazards, including slipping} tripping,
and falling hazards.

The desigjn for access shall consider, for example:
— cable[channels, places where operators could stuinble;

— frequlency of the required access for manualloading/unloading;

— physikal characteristics of the load;

— abida‘[-nce and observation zones;

— servige positions (e.g. tip change);

— easily accessible maintemance locations.

Componepts which havete’be changed frequently shall be capable of being removed and replaged easily
and safely.

Permanent means of access shall be provided, considering the frequency and the ergonomic aspgcts of the
task. Platforms;walkways, stairs, stepladders, and fixed ladders shall be in accordance with the relevant
parts of theIS0'14122:2016 series.

Workstations shall be designed according to ISO 14738:2008. Access openings shall be designed according
to ISO 15534-2:2000. Opening dimensions for the purpose of providing whole body access shall conform
with ISO 15534-1:2000.

NOTE1 SeelISO/TR 22100-3:2016 for guidance on ergonomics standards.

NOTE 2  For whole body access requirements, see ISO 13857:2019, 4.4, where the whole body access is into
hazardous areas or safeguarded spaces. See 5.5.7 and 5.8.
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Use and limits

The following shall be considered during the layout design process.

— use limits;

— operator task limits;

— space limits;

— time limits;

— end-effector limits;

— workpiece limits.

5.4.3

Diesign

Design considerations shall include:

a) the need for manual intervention(s);

b) allowjing tasks requiring manual intervention to be performed from outside the safeguarded s

EXAMPLE Loading and unloading the workpieces and the end-effector exchange system can
outside the safeguarded space for ease of access.

c) ergorjomics and human interface with equipment:

iy
2)
3)
4)
5)
6)
7)
8)
9)

d) requirements fop-and location of emergency stop devices and possible spans-of-control (|

job)

[lowing for the variability of the operator’s physical dimensions, strength and stamina;

piroviding enough space for movements of the parts of the operator’s body;

<

isibility of the robot application and activiti€s associated with the equipment;
clear association of controls with robot application(s) and robot cell(s);

l¢cal or user control design specifications;

plosition of workpiece relativetto the operator;

cpnsideration of avoidinga'machine determined work rate;

o8]

oiding tasks that requires lengthy concentration;

foreseeable misuse:

applig¢ation orrgbot cell stops);

e) requirenients for and location of additional enabling devices;

pace;

be located

e.g. robot

f) the intended uSe of alt COMPONENTS;

g) specifications:

1y
2)
3)
4)

robot cell safety functions, including speed monitoring and limiting devices;
end-effector safety functions, if any;
robot(s) mass, payload, velocity, shape and dimensions;

mass, shape and dimensions of the end-effector and workpiece(s);
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5.4.4 Design for collaborative applications
Since collaborative applications can present unique risks, the following factors shall be addressed:
a) the spatial (three dimensional) limits of the safeguarded spaces;
NOTE Established limits can be static or dynamic.
b) access and clearance, and contacts:

1) influences on the safeguards (e.g. material storage, workflow requirements, obstacles);

2) the intended and reasonably foreseeable contact(s) from portions of the robot application to an

3) opject features (e.g. sharp edges, hot surfaces, etc.) around or in the space where trapping

the robot application and object could occur;

4) end-effectors, workpieces and protrusions shall not have exposed sharp edges where
cpntact between robot application and person could occur.

c) ergorfomics and human interface with equipment:
1) plossible stress, fatigue, or lack of concentration arising from the collaborative application

2) epse of error or misuse (intentional or unintentional) by operator;

3) possible reflex behaviour of operator to movement of the robot, end-effector, workpiece a1
equipment;

4) ipability to predict potential motion of the robot application;

5) rpquired training level and skills of the operater;

6) potential consequences of single or repetitive contacts from the robot application to opers
d) transftions (time limits):
1) starting and ending of collaborative tasks;

2) transitions from collaborativetasks to other tasks.

5.4.5 Prevention of trappingwithin the safeguarded space

F between

azardous

%2
<

nd related

tors.

The robot application shallbe designed and constructed such that it prevents a person from beinjg trapped

within the robot applieation or robot cell.

The safedguarded spdce shall be designed, constructed, or fitted with a means of preventing an
from beinlg trapped within the safeguarded space. For example, this may be fulfilled by providing f
opening df movable guards from inside the safeguarded space, regardless of the state of the energ

operator
br manual

y supply.

If this is not practicable, all the following shall be provided:

— ameans by which to stop the robot application;

— ameans to prevent the start/restart of the robot application (5.5.7 and 5.7.3);
— ameans to summon help;

— ameans to release a trapped operator.

When means to stop and means to prevent the start are provided, these means shall be readily accessible

and located away from hazardous zone(s).
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5.4.6 Establishing restricted spaces

The restricted space shall be established by limiting motion of the robot, end-effector and workpiece in
accordance with 5.4.7.

When the maximum space is required for the robot application, the maximum space shall be considered to
be the restricted space.

5.4.7 Limiting motion

5.4.7.1 General

berator(s)
to hazards by implementing limiting devices. Limiting devices are used to reduce the spacethat a robot
applicatidn uses, thereby establishing a restricted space (5.4.6). The restricted space can be.made smaller
than the maximum space by use of limiting devices. Limiting devices can be integral g .the rgbot or by
external means.

NOTE1 |[SeelISO 10218-1:2025, 5.7 for motion limiting requirements of robots.

NOTE 2 [See space illustrations in Annex B.

Limiting the motion of the robot application may be fulfilled by a combindtion of the following:

a) mearns integral to the robot (e.g. safety functions, software-based limiting safety function(s));
b) mechpnical limiting devices provided with the robot in accordance with ISO 10218-1:2025, 5.7;
c¢) mechpnical limiting devices provided with the integration;
d) integrating external limiting devices;

e) installing limiting devices for machines and coniponents of the robot application and robot cell.
Limiting dlevices shall

— prevgnt motion beyond the limiting (device setting by either mechanical limiting devices ($.4.7.2) or
safety functions that prevent reaching the limit (5.4.7.3 and Annex C); or

— initia‘Ee a protective stop by noh-mechanical limiting devices (5.4.7.3) which can include software-based
limiting safety functions.

NOTE 3 |For robot applications using robots that compensate speed based on actual payload, it is possible for the
speed to change when the rohot carries less than the expected payload.

NOTE 4 |[The restricted space is defined where the motion stops, not by where the stop is initiated. The|restricted
space can be defined by the location of mechanical limiting devices (e.g. hard stops). Locating non-mechanigal limiting
devices, ifcluding-software-based limiting (5.4.7.3), can require that activation time and stopping djstance be
considered.

if they are
limiting

motion according to ISO 10218-1:2025, 5.7.

5.4.7.2 Mechanical limiting devices

If mechanical limiting devices are used, they shall conform with the requirements for limiting devices in
ISO 10218-1:2025, 5.7.3 or 5.7.4 and this subclause. If mechanical limiting devices are selected as the means
for limiting motion, the mechanical limiting devices shall be installed and adjusted for the robot application.

In cases where the perimeter guard is designed to be the limiting device, the results of the risk assessment
and ISO 14120:2015 shall be used to determine the requirements for the design, strength, and deflection for
that guard.
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The perimeter guard shall not be used as a limiting device when robot applications can cause hazardous
deformations of the guard.

5.4.7.3 Non-mechanical limiting devices

If non-mechanical limiting devices are used, non-mechanical limiting devices shall conform with this
subclause and ISO 10218-1:2025, 5.7.1 and either 5.7.3 or 5.7.4. Functional safety performance shall conform
with 5.5 and Annex C.

NOTE1 Software-based limiting safety function(s) are a type of non-mechanical limiting device implemented using
safety functions within the robot. See ISO 10218-1:2025, 5.7.4.

If the rob
robot appllication using the robot manufacturer’s instructions.

ed for the

When nonp-mechanical limiting devices are used, the robot application restricted space shall be d¢termined
where thg moving parts of the robot application stops. If the speed of the robot TCP is linfited by njonitored-
speed safety function, the restricted space may be based on the parameter setting of the njonitored-
speed safety function. Otherwise, the restricted space shall be based on the maximum speed of|the robot
applicatidn.

NOTE 2 |For software-based limiting requirements of the robot, see ISO 10218-1;2025, 5.7.4.
NOTE 3 |For speed monitoring safety function(s) requirements of the robot, see'ISO 10218-1:2025, 5.5.3.

When thelimiting device functions by initiating a protective stop when the limit is reached or exc¢eded, the
stopping Histance/ angle and stopping time (starting at the position and time of triggering the protective
stop) shalll be used to determine the restricted space of the robotapplication.

If the soffjware-based limiting safety function(s) causes a;stop such that the limit will not be exceg¢ded, then
the restrifted space may be at the limit setting.

NOTE 4 [SeelSO 10218-1:2025, Annex H stopping time.and distance measurement.

5.4.7.4 |Dynamic limiting

Dynamic [limiting shall automatically modify the axis limiting device setting(s) to result in the| intended
restricted space for that portion of the\robot application's automatic operation.

Dynamic |imiting safety function§(s) are optional. When provided, dynamic limiting shall conform with 5.5
and may be fulfilled by parametyization according to 5.5.5. When dynamic limiting is provided:

— the axis limiting functien(s) shall conform with 5.4.7.3; and
— axis ljmiting of the/robot shall conform with ISO 10218-1:2025, 5.7.4.

NOTE Dynami¢limiting can be useful in designing two alternately selectable restricted spaces to incfease work
cell produgtivity-by having one robot service two task zones (e.g. two manual load/unload stations).

5.5 Safetyfunetions
5.5.1 General

Control systems shall be designed so reasonably foreseeable human error during operation does not lead to
hazardous situations.

Robots shall be selected with suitable safety functions for the requirements of the robot application. The
safety functions of the selected robots shall be in accordance with ISO 10218-1:2025, 5.3.

Robot applications can include a broad range of applications. Therefore, it is not possible to provide a
list of all significant hazards, hazardous situations or events, which could be related. Moreover, similar
applications can have different levels of risk resulting from different designs which correspond to the
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intended application (e.g. paint spraying on large or small parts, handling of a small harmful payload like a
hot metal bolt or a large harmless payload like a box of paper tissues)

As a result, this document cannot prescribe the performance of the safety-related control functions for all
applications. The following requirements shall be fulfilled:

— safety-related control systems (electric, hydraulic, pneumatic, mechanical and software) shall conform
with 5.5 and Annex C; and

— safety-related control system performance information of all safety functions shall be provided according
to 7.5.16.

NOTE1 Safety-related control systems can also be called SRP/CS (safety-related parts of control systems) or SCS
(safety-relpted control system].

Safety fuhctions may be provided that are not described within this document. If provided, the safety
function($) shall be described according to 7.5.16.

NOTE 2 |[See Annex D for an example of how to present functional safety information.

5.5.2 Flinctional safety standards

Safety-related control system (SRP/CS or SCS) shall be designed in accordance with either:
— IS0 1B849-1:2023 or

— IEC 6R061:2021.

ISO 1384P-1: 2023 and IEC 62061:2021 standards address ‘functional safety using similar buf| different
methods.|Requirements in those standards shall be used fo’the respective safety functions for which they
are intendled. Either ISO 13849-1:2023 or IEC 62061:2021%shall be used.

NOTE The performance of each specific safety functioifis generally stated in terms of the probability of|{dangerous
failure perfhour (PFH).

5.5.3 Pprformance

The integfator shall determine the performance of each required safety function according to one of the below:

— functjonal safety PL_ or required)SIL listed in Annex C, Table C.1;
or

— the results of a comprehensive risk assessment where the risk estimation meets the requirgments of
[SO 1100:2010 and-either ISO 13849-1:2023 or IEC 62061:2021.

NOTE1 [GuidanceTor risk estimation parameters is provided in Annex C, C.2.

The robof application shall have the required SRP/CS for each safety function in accordance| with the
determinedperformance requirements.

Where PL d is determined to be required, the safety function shall achieve PL d using either a Category 3
architecture or the PFH shall be less than 4,43 x 10-7/h.

Where SIL2 is determined to be required, either the hardware fault tolerance (HFT) shall be at least 1 or the
PFH shall be less than 4,43 x 10-7/h.

NOTE 2  Achieving a PFH value less than 4,43 x 10-7/h using a Category 2 architecture requires a DCavg > 90 % and
a MTTF}, > 62 years. This can be achieved by sub-systems based on electronics and non-mechanical solutions. See
ISO 13849-1:2023, Annex K.
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5.5.4 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 which shall be a stop category 0 or 1 according to
IEC 60204-1:2016+AMD1:2021.

NOTE Triggering of a safety function indicates that the safety function works as intended. This is not a fault

or failure of the safety function. The triggering of the safety function results in the defined behaviour of the safety
function according to Annex C.

5.5.5 Parameterization of safety functions

Parameter settings that are a part of a safety function shall be according to ISO 13849-1;:2023 or
IEC 620671:2021. Safety functions and their parameters shall be secured such that they are only’changeable
by authotized personnel. This parameter security shall be separate from that which _dllows access for
programiping non-safety functions and configuring parameters.

NOTE1 |[SeelSO 13849-1:2023,5.2.2 and 6.3 or I[EC 62061:2021, 6.7.

checksunj) shall be generated so that changes to these settings can be identified. This identifier shall be
capable df being output as a non-safety function. Change(s) to safety function parameters shall require
re-initialigation after manual change(s) and shall not be capable of being reconfigured during putomatic
execution| of the task program.

Once the [safety function(s) is activated, they shall always be active upon power-up and an ide}iﬁer (e.g.

Software[on-line tools that directly influence the safety-related. system, as defined in IEC 61508-4: 2010,
3.2.10, shall not be used.

NOTE 2 For guidance about on-line and off-line tools, see IEC 64508-3:2010, 7.4.4.1, IEC 61508-4:2010, 3.2.10Jand 3.2.11.

NOTE 3 [Correctoperation of asafety functionis based owwproper and reliable setting of a safety-related pajrameter(s)
used in th¢ safety function(s), especially for safety-related application software.

Safety furjction parameters shall be verified and.validated (6.3.2) before starting use of the robot agplication.
This inclydes both for initial parameters and.ahy changes to these parameters.

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

5.5.6 Speed limit(s) monitoring

5.5.6.1 |Reduced-speed

This is a §afety function where the speed of accessible moving parts shall be no greater than 25( mm/s or
the set maximumrlimit that is less than 250 mm/s. Reduced-speed shall be used with reduced-sped¢d manual
mode (5.7.2.3:2). Reduced-speed may be used for limiting the speed of a PFL collaborative application in
accordan¢e with 5.14.6.3 d)

NOTE1 Reduced-speed can be decreased to any setting below 250 mm/s. The setting is determined for each
application.

If there is an additional axis such that the robot and additional axis (axes) are operating in a coordinated
manner, the speed of the TCP and any exposed part of the manipulator shall not exceed 250 mm/s and could
require the capability of a reduced-speed limit that is less than 250 mm/s.

NOTE 2  This can be achieved by monitoring the TCP and the speed of the joints.

NOTE 3  See5.2.9 for additional axis requirements.
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If a reduced-speed setting less than 250 mm/s is required for the application, the robot application shall be
configured with the reduced-speed parameter.

NOTE 4  See 5.9 for end-effector requirements.

5.5.6.2 Monitored-speed

A monitored-speed safety function is a speed limiting safety function that may be set to be greater than
250 mm/s or as low as zero (0) speed.

Zero speed setting can be required for operational reasons and may not always be the result of a protective stop.

If a monitored-speed safety function is provided with the robot, the robot application shall be configured
and implg¢mented with the monitored-speed value that will achieve the results required as detefjmined by
risk assegsment.

NOTE See 5.9 for end-effector requirements.
5.5.7 Start / restart interlock and reset

5.5.7.1 |[Start/ restart interlock

The contfol system shall have a start/restart interlock function to prevent the automatic start/ restart.
Automatif restart shall conform with ISO 13849-1:2023, 5.2.2.4. The start/restart interlock safety function
shall confporm with 5.5 and Annex C, Table C.1.

Automatif start/restart shall be prevented:
a) afterp change in the mode of operation:
— from automatic mode to manual mode;
— from reduced-speed manual mode to high-speed manual mode;

— from high-speed manual mode to reduced-speed manual mode; and

=g

'om modes described in 5.7.2 to ether modes and vice versa, when the automatic start/r¢start can
l¢ad to a hazard;

b) in manual mode, after a protéctive stop is initiated by any enabled protective device;

c) after|actuation of a safeguarding function when that safeguard allows undetected preserce in the
safegliarded space(s)-

NOTE1 [Undetected presence in the safeguarded space is also called “whole body access”. Whole body jaccess can
happen affer actuationof a safeguard that allows undetected presence within the safeguarded space(s). Se¢ 5.8.10.

NOTE 2 |The restart interlock function can be combined with a start interlock function.

NOTE 3 |Se®Annex P and Figure P.1.

5.5.7.2 Reset

The reset safety function and the reset actuator location shall conform with ISO 13849-1:2023, 5.2.2.3. The
reset safety function shall be in accordance with 5.5 and Annex C, Tables C.1, with a minimum functional
safety performance of PL b.

Resetting shall be by a deliberate manual action on a specific control device in a control station (e.g. an
electro-mechanical pushbutton in a control panel or a virtual pushbutton) according to 5.7.8. If HGC are
deactivated and then activated while being within the same mode, the start/restart interlock may be reset
by the release and re-actuation of the hold-to-run device on the HGC.
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Unintended reset shall be prevented by either only accepting the release of the actuator from its energized
(on) position or another suitable method (e.g. two activation zones on a touch sensitive screen).

Where whole body access is possible, supplementary protective measures shall be provided in accordance
with 5.8.10 to prevent resetting the start/restart interlock.

NOTE See Annex P and Figure P.1.

5.5.8 Monitored-standstill

When a monitored-standstill safety function is needed to prevent unintended motion, the following shall be
fulfilled:

a) the s‘jandstill position shall be monitored and maintained according to 5.5.3;

b) any unintended motion from the standstill position shall result in a stop category 0 oril-in a¢cordance
with [EC 60204-1:2016+AMD1:2021;

¢) adetgcted failure shall conform with 5.5.4.

This safefy function may be initiated externally (e.g. from protective devices). A safety function ofitput may
be provided for when monitored-standstill is active.

5.5.9 Cpmmunications

When data communications are used in the implementation of+a.safety function, the requir¢ments of
[EC 61508-2:2010, 7.4.11 shall be applied.

The thred permissible transmission categories are described,in Table 1.

Table 1 — Categories of communications transmission systems

Transmission . ...
f Main characteristics

Category

Designed for known and fixed aaximum 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 opportunity for unauthorized access (networks are trusted).
Occasiomaldse of non-trusted networks.

Properties are unknown, partially unknown or variable during the lifetime of the system].
3 Unknown multiple user groups.

Significant opportunity for unauthorized access.
SOURCE: I§C 62280:2014 Table B.1, modified to delete the 34 (right) column @
Reproduce( wWith nnwmu'oor‘nn fwnm ILC. K')?Q/) '7/)1/1 IEC hac ng wnopnno:la l+ fnr thao nln amont and contovt f:n L i ng aotha content or

accuracy) in Whlch the extracts are reproduced, nor is IEC in any way responszblefor the other content or accuracy therein.

a  [EC 62280, Copyright © 2014 IEC Geneva, Switzerland. www.iec.ch

NOTE1 A transmission category 1 network typically has a fixed maximum number of participants, while a
transmission category 2 network is a less controlled network but has negligible opportunity for unauthorized access.
A transmission category 3 network has unknown properties and a high risk of unauthorized access. See Table 1.

NOTE 2  For a full description of communications categories, see IEC 62280:2014 or EN 50159:2010.

When a robot application has an internal network, the network shall be considered as a transmission
category 1 network according to Table 1. When a robot application has an external network, the network
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shall be considered as a transmission category 2 or transmission category 3 network according to Table 1,
then Table 2 provides countermeasure requirements.

Table 2 — Robot application external network - countermeasure requirements

Transmission Cate- .. . . .
gory Repetition | Deletion | Insertion | Resequence | Corruption | Delay | Masquerade
1 + + + ++ + -
2 ++ ++ ++ ++ ++ -
3 ++ ++ ++ ++ ++ ++ ++

message f

Key

- T
+ T
++ T

Reproducé
other cont
accuracy 4

a]EC 6229

SOURCE: IEC 62280:2014 Table B.2, modified to delete the note 2

NOTE The term: “masquerade” means that the true source of a message is not correctly identified. For example, a

FOTIT d TTOT-S A ety EIEMEt IS {coTTecty Tdentified a5 a message fTonT a safety etement. See (EC 61598-2:2010,
7.4.11.1 (2}

sy

hreat can be neglected.
hreat exists, but rare; weak countermeasures sufficient.
hreat exists; strong countermeasures required.

d with permission from IEC 62280:2014. IEC has no responsibility for the placement and context
pnt or accuracy) in which the extracts are reproduced, nor is IEC in any wayZeSponsible for the other
herein.

0, Copyright © 2014 IEC Geneva, Switzerland. www.iec.ch

(including
content or

5.5.10 E

Safety-rel

NOTE
related to

5.6 Stopping

5.6.1 G

Every rob
emergend

The cont}
functions
functions

NOTE

5.6.2 E

ectromagnetic requirements
ated control systems shall fulfil the requirements of IEC 61000-6-7:2014.

This requirement is relevant to functional safety, Other EMC standards can be required for r
functional safety.

eneral

ot application or robot cell shall have a protective stop function, a normal stop and an ing
y stop function.

ol system shall be_designed such that stop functions have precedence over any oth
When a stop funetion has been initiated, no other control functions shall enable robot a
until the stop eondition has been achieved.

Annex F shows a comparison of the stop functions.

mergency stop

5.6.2.1

pasons not

ependent

b control
pplication

ullividl

Each control station, including pendants, capable of initiating motion or other hazardous functions
shall have a manually initiated emergency stop function that complies with the requirements of
IEC 60204-1:2016+AMD1:2021 and ISO 13850:2015. Selection of a stop category 0, or 1 in accordance with
[EC 60204-1:2016+AMD1:2021 shall be determined from the risk assessment.

Robot applications shall have a single emergency stop function with a span-of-control affecting all relevant
parts of the robot application, including fixtures.

Emergency stops shall remain functional even if the control station is not powered.

NOTE

For requirements of cableless or detachable pendants (including teach pendants), see 5.7.8.4.
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Emergency stop function shall have the ability for the connection of additional emergency stop devices. The

emergenc

5.6.2.2

y stop function shall conform with 5.5 and Annex C, Table C.1.

Control stations

Each control station, including pendants, capable of initiating robot motion or other hazardous situations
shall have a manually initiated emergency stop function that:

a) comp
b) takes

c) caus

lies with the requirements of 5.6.2;
precedence over all other functions;

s all hazardous machine functions within the span-of-control (5.3.3) to stop;

d) remo
e) rema

The emer
after rese

5.6.2.3

Any safet

recovered.

NOTE

5.6.2.4

When an
removed.
operative

NOTE

5.6.3 P

The robot
by an int¢

a) thep

b) selec
deter

c) amo
accor

ves drive power; and
ns active until the emergency stop device is disengaged in accordance with ISQ-13850:2

bency stop function shall only be reset by a deliberate manual action that does not cause
tting but shall only permit a restart to occur.

Emergency stop input

y function input for emergency stop shall remain operativecwhen the power is rem

See 5.8.10 for prevention of unexpected restart and 5.7.3 for prevention of unexpected start-up.

Emergency stop output

emergency stop output is provided, the output shall continue to function when the
When a safety function output for an eniérgency stop is provided, the function shg
when the drive power is removed and recovered.

See IS0 10218-1:2025, 5.4.2.

rotective stop

application shall have oné or more protective stop functions that have the capability to b
rnal safety function or external protective devices. The following shall be fulfilled:

rotective stop funetion shall conform with 5.5;

ion of stop,category 0, 1 or 2, in accordance with IEC 60204-1:2016+AMD1:2021
mined by the'risk assessment;

hitored=standstill safety function according to 5.5.8 shall be required when a stop c
ding to TEC 60204-1:2016+AMD1:2021 is used for the protective stop.

D15, 4.1.4.

arestart

oved and

power is
1l remain

b initiated

shall be

htegory 2

5,64 N

ormal stop

The control station(s) for the application shall be fitted with a normal stop control device to stop some
or all the functions, according to the span-of-control. This stop function, when activated, shall result in a
category 0 or category 1 stop according to IEC 60204-1:2016+AMD1:2021. Once the hazardous functions
have stopped, the energy supply to the hazardous function actuators shall be removed.

The protective stop function may be used as the normal stop function when it complies with stop category 0
or 1 according to IEC 60204-1:2016+AMD1:2021.

The normal stop safety function shall be in accordance with 5.5 and shall have a minimum functional safety
performance of PL b (Annex C, Table C.1).
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Emergency stop devices shall not be used as a normal stop device.

5.6.5 Associated equipment stopping

The robot application shall be integrated and installed so stopping, e.g. emergency or protective stop, of
associated equipment shall not result in a hazard or hazardous situation(s).

5.7 Control functions

5.7.1 General

Control fu

nrﬁnncchq”tnppffhprpqninnnpnfcnf”"“607044-7016+A“ﬁn1-7ﬂ71 The control func

ions shall

be design
power or

5,72 M

5.7.2.1

The folloy
the robot

5.7.2.2

The robot
shall be p

Changing
shall not s

In the cas
outside th

5.7.2.3

5.7.2.3.1

A manual
intervent

When a r¢bot application is-operated in manual mode, the following shall be fulfilled:

ed to be consistent with the requirements of ISO 10218-1:2025. Control functions ¢h
motion shall be designed and implemented to meet the requirements in 5.7.2 to 5.7.9:

odes

General

ring requirements apply to a robot application or a robot cell and de net apply to equipm¢
cell that is not required for the robot application.

Automatic

application and robot cell shall have an automatic mode:.In automatic mode, the intended
erformed and the associated safety functions shall beactive.

from automatic mode to any other mode shalkresult in a protective stop. Automatic

tart until a separate confirmation from outside the safeguarded space is provided by the
e of using perimeter safeguarding, automati¢-operation shall require a separate confirms
e perimeter safeguarding.

Manual

General

on tasks.

ht initiate

ent within

functions

operation
operator.
tion from

mode shall be providéd)for jogging, teaching, programming, program verification and manual

e state;

ode, they
e, limited
pecific to

a) all other equipmentthat is not required for the task shall be placed in, and maintained in, a sa

b) if it i} necessary for other machines, equipment or processes to operate while in manual n
shall pperate'under reduced risk conditions (e.g. reduced-speed, reduced torque, reduced forg
movement, by jogging which can be in conjunction with the same or another enabling device {
that tsey:

c¢) the robot application shall be under local control according to 5.7.6.2 with single-point-of-control

accor

ding to 5.7.5;

d) automatic operation shall be prevented;

e) movements shall only be possible by use of a control station in accordance with 5.7.8, where that control
station is the single-point-of control (5.7.5).

NOTE

See ISO 10218-1:2025, 5.2.7.2.1 for manual mode when movement of the robot is caused by a human using
HGC as compared to movements caused by the robot control.
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Reduced-speed

A reduced-speed manual mode shall be provided for jogging, teaching, programming, program verification
and manual intervention tasks. Where these tasks require control of the functions of the robot application
or robot cell while a person or person(s) are in the safeguarded space, manual mode shall be provided by a
teach pendant in accordance with 5.7.8.3.

For Class I robots that fulfil the requirements of ISO 10218-1:2025, 5.1.17, the requirement for reduced-
speed manual mode may be excluded when jogging, teaching, programming and program verification shall
not lead to a hazardous situation.

Movements shall only be possible with reduced-speed according to 5.5.6.1 during the actuation of the

enabling

evice on the control station that enables movements of the robot application/robot cell.

separate

deliberatse

If a speed
the follow

— the r¢bot(s) shall be configured to the required reduced-speed limit for the robet application;

— if the
at a ¢
impld

NOTE

5.7.2.3.3

When pr¢vided, high-speed manual mode shall be a selection within manual mode which sh
1-speed safety function according to 5.5.6.2. High-speed manual mode is optional. In hjgh-speed

monitore
manual nj

joints, workpieces) may exceed 250 mm/s.

When prd
program

If high-sp
1SO 10219

a) have

-

n =+

NOTE

ntegratedwith the relevant components (e.g. end-effector), equipment and/or machines \

manual action shall be required to initiate motion(s).

setting of less than 250 mm/s is needed in reduced-speed manual mode for the nobet aj
ing shall be fulfilled:

end-effector and/or other machinery/ equipment in the robot application need to be
onfigurable reduced-speed setting, this safety function (and the required speed valug
mented for the end-effector and/or other machinery/ equipment as-needed.

See 5.3 and 5.9.

High-speed

ode, the speed of the selected TCP and other parts of the robot application (e.g. end-effeq

vided, high-speed manual mode shall be-integrated such that it can only be used for the
Verification and not production.

eed manual mode is provided ‘and enabled, the robot shall conform with the requir
-1:2025, 5.2.7.2.3 and high-speed manual mode for the application shall fulfil the followi

h teach pendant that

as an enabling/device according to ISO 10218-1:2025, 5.5.4 for the robot;

he enabling device function, according to 5.7.7, associated with the teach pendant (5.7.8.:

hfeguarded space;

h1fils the requirements’of [ISO 10218-1:2025, 5.2.8.4 and if applicable 5.2.8.5 for the robotj;

plication,

operated
) shall be

11 have a

tor, robot

urpose of

bments of
hg:

) shall be
vithin the

See 5.6.5 and 5.14.

b) other machines, equipment and processes shall be at a safe state or operating under reduced risk
conditions (e.g. reduced-speed, reduced torque, reduced force, limited movement), by jogging which can

be in

conjunction with an enabling device;

c¢) safeguarding shall be the same as when the application is in automatic mode such that one or more of
the following shall be fulfilled:

— 4a

ccess to hazards shall be prevented;

— access shall be detected, thereby resulting in a safe state and/or protective stop of all hazardous
situations.
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d) when perimeter safeguarding establishes the safeguarded space, entering the safeguarded space in
high-speed manual mode shall cause a protective stop of all equipment that could present a hazard.

5.7.2.4

Operating mode(s) and active protective devices and safety functions

If the robot application needs to be able to operate with a guard displaced or removed and/or a protective
device disabled, an appropriate operating mode shall be provided. This mode shall automatically result in
the following:

a) disab

b) perm

le all other control or operating modes;

it operation of hazardous functions only by control devices requiring sustained action;

) perm|it the operation of hazardous functions only in reduced risk conditions while preventin

from

d) preve
sensd

If the abo
automatig

ensure saffe intervention(s).

5.7.2.5

Selection

on a toucl screen.

The mear
the scope

NOTE 1

linked sequences;

nt any operation of hazardous functions by voluntary or involuntary action¢n-the a
rs.

ve four conditions cannot be fulfilled simultaneously, the control or opefating mode sele
ally activate alternative safeguarding in accordance with 5.8, which“shall be impler

Selection, activation and change of the operating mode

of the operating mode shall require a deliberate manual’action, e.g., use of a key switch

of the safety-related parts of the control systent. See Figure 3.

Figure 3 shows information flow and does notr€present physical devices or architecture.

Mg

k hazards

bplication

ctor shall
hented to

selection

s of mode selection is not required to conform tocany functional safety requirements; it is out of

de selection (non-safety) Activation of selected mode by SRP/CS (safet)

safeguards

Selection of mode using a

Safety function(s) by

(including internal robof

finger or key with, e.g. signal Logic for | activates safety functions) N
q mode

— Touch screen activation | 1 ofthe Safety function(s) by

— Key-operated switch right boxes safeguards

(including internal robog
safety functions) N + 1.}.

Figure 3 — Separation of mode selection and mode activation

The active mode shall be:

— clearly identifiable; and

— unambiguously indicated.

Unauthorized and/or inadvertent activation of mode shall be prevented by suitable means. The suitable
means may include restricting access with a secured access means (e.g. key switch, access control systems

or access

codes) that limits the use of some modes or functions of the robot application.
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If the activation of a mode results in a change in the safeguarding or active safety functions, the following
shall be fulfilled:

a) the activation, but not starting operation, of the selected mode shall be considered a safety function;
b) mode selection shall require a deliberate manual action;

c) activating a different mode shall result in a protective stop (5.6.3);

d) initiation of motion shall be according to the requirements of 5.5.7;

e) each mode shall have the required risk reduction measures active for that mode;

functions

g) only ¢ne operating mode shall be active at a time;
h) activation of safety functions shall result from the output of the logic for mode activation.
NOTE 2 [See Figure 3.

NOTE 3 [Many robots implement manual mode so that the robot inputs for the “petimeter safeguard” arg not active
in manual mode (to allow entry), while “perimeter safeguard” would be active in automatic.

Optional putput(s) may be provided to indicate the active mode. Whenprovided for safety-related purposes,
the safety function output(s) shall conform to 5.5.

NOTE 4 |[Symbols for mode labelling are shown in Annex G.

When actfivation or selection of mode are safety functions,then the safety function(s) shall conform with
ISO 13849-1:2023, 5.2.2.9.

5.7.3 Pfotection from unexpected start-up

Controls ghall be implemented and/or located\for prevention of unexpected start-up and shall conform with
1SO 14114:2017.

NOTE See also 5.2.10 and 5.2.12.

5.7.4 Status indication and warning devices

The status of the controls shall’be clearly indicated (e.g. power on, fault detected, automatic opgration in
process, Ipcal control, rendote control). Indicators shall be suitable for the installed location and ghall be in
accordang¢e with IEC 60204-1:2016+AMD1:2021. When provided, warning devices (e.g. audible apd visual)
shall be i accordanee'with ISO 12100:2010, IEC 60204-1:2016+AMD1:2021 and IEC 60073:2002.

NOTE [EC 600%3:2002 contains the basic and safety principles for man-machine interface, marking and
identificatjon - ‘coding principles for indication devices and actuators. IEC 61310:2007 series is specifif to safety

of machingéry with requirements for indication, marking and actuation. The IEC 61310:2007 series is nprmatively
referenceddndEC 60204-1-2016+:AMD1:2021

5.7.5 Single-point-of-control

Single-point-of-control shall be provided when the robot application or robot cell is under local control
(5.7.6.2). Only one source of control shall be accepted at one time.

NOTE Single-point-of-control is a “single source of control”.
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5.7.6 Local and remote control

5.7.6.1 General

Remote control capability may be provided. If the only means of control is by network or a connection to a
computer, this shall be considered remote control. A robot application may be network enabled (e.g. LAN,
modem, and internet) which allows remote access for diagnostics, technical consultation and testing.

NOTE See 5.3.

5.7.6.2 Local control

When al unctcion 1 vided, 1 Wi -1 7 5.2.2.5. n in local
control, tle control station shall be the single-point-of-control according to 5.7.5. When manuatjinervention
is requirdd, local control shall be affected by a single teach pendant or similar control statieh m¢eting the
requiremgnts of ISO 10218-1:2025, 5.2.9 for the robot and according to 5.7.8 for the robotapplicatipn.

If local coptrol is provided by a teach pendant, the teach pendant shall have:
— direcf control of the robot in accordance with ISO 10218-1:2025, 5.2.8.2; and
— priorty over and override all other sources of control to the robot application.

If there i no teach pendant, local control for the robot application and(any associated machineq and sub-
assemblids shall:

a) Dbelogated in close proximity to what is being controlled; and
b) have priority over and override all other sources of control; and
¢) have pnindication when remote control is active.

If local cqntrol for other machines or sub-assembli€es is provided by a control station or penddnt that is
positionefl near the machine or sub-assemblies{ this control station or pendant shall have locpl control
priority gver all other sources of control to the machine or sub-assemblies and shall override tHese other
sources of control.

Local confrols (control stations, pendants and teach pendants) shall have an indication when remajte control
is active.

Means of felecting and deselectinglocal control shall be near the robot application, robot cell, or mjachine or
sub-assembly being placed under local control.

If local cpntrol can be deselected from within the safeguarded space, a separate confirmation from
outside thje safeguarded-Space shall be required prior to any hazardous conditions being present] Means of
deselecting local centrol from within the safeguarded space shall not initiate hazardous condition.

5.7.6.3 |Remate control

If remote ‘accesstothecontrot systenTispr ovided;itshattconfornrwith 1561384912623, 524
NOTE 1 For remote control, remote access is required.

If a robot application can be remotely controlled by an operator who is physically away from the robot cell
(e.g. in a distant office), the following shall be fulfilled:

a) activation of the remote control function shall require a manual command from the local control
(5.7.6.2);

b) any operation start, in any mode, shall require one of the following:

— aseparate confirmation from the local control (5.7.6.2); or
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— a separate confirmation from the remote control where the remote control provides means (e.g.
video) for an unobstructed view to the entire robot cell;

¢) when in manual mode, the requirements of 5.7.2.3 shall be applied;

d) all functions that can cause a hazard (e.g. motion of robot application or robot cell, forcing outputs that
control hazardous equipment, changing values that can cause a hazardous situation), reset of safety
functions shall be possible only from the selected single-point-of-control according to 5.7.5;

e) remote control shall not override the local control and shall not cause any local hazardous situation(s);

f) any machines, equipment, processes and sub-assemblies that could create a hazard and that are not
needed for remote control shall be in a safe state;

g) safegparding operators while in remote control shall be in accordance with 5.8 such thatthe|following
are fylfilled:

|
o

[cess to hazards shall be prevented; and/or

cess shall be detected, thereby resulting in a safe state and/or protective stop of all hazardous
tuations such that the safe state and/or protective stop is achieved before-the hazard(s) i§ reached;

|
%2 Y]

NOTE|2  Safeguarding for remote control can be different than that which is active for manual and automptic modes.

h) remofe change(s) to safety-related parameters shall require the following before the chanpe(s) may
take g¢ffect:

— allocal action to confirm the acceptability of the change(s);’and

erification that the change(s) did not create any hazardous situations;

<

NOTE 3 |[See5.5.5.
i) remofe controls should have an indication that.the robot application is under local control (5.7.6.2).
Activation of a mode change by remote controlshall require local deliberate manual confirmation

NOTE 4 |[For cybersecurity issues of unauthorized remote-control access, see 5.2.16.

5.7.7 Epabling devices

Enabling flevices on the teach pendant and additional enabling devices shall conform with ISO 10218-1:2025,
5.5.4 and [[EC 60204-1:2016+AMD1:2021, 10.9, and IEC 60947-5-8:2020.

When mdre than one operdtor is required to be protected within the safeguarded space by ar] enabling
device, sych an enabling*device shall be provided to each operator. All enabling devices associated with a
robot appllication shall"'have the same span-of-control.

Where personnelcould be exposed to hazardous situation(s) during manual mode, relevant contrqgl systems
shall be ifgterlecked such that enabling devices control all hazards within their span-of-control.

NOTE1 Hazardous situations during manual mode can include the following:

— standing in the restricted space of an adjoining robot application having over-lapping restricted spaces;
— concentrating on the workpiece rather than the movement of the manipulator or nearby equipment;

— applications intended to be PFL but risks have not yet been validated;

— etc.

NOTE 2  An enabling device’s span-of-control can depend on the following:

— cell layout (which could include overlapping robot applications and/or other equipment within the cell);
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— the space available;

— the anticipated tasks and the work locations for these tasks.

When the 3P enabling device is continuously held in a centre-enabled position, the enabling device shall
permit robot application motion and the operation of other processes whose hazards are controlled by the

robot app

lication and the integration of the enabling device function.

Interlocked hazardous machine functions shall require a separate act to restart after a protective stop is
initiated by the enabling device.

5.7.8 Control stations

5.7.8.1

The robot
pendant g

— contr
— Tremo

Each cont
have an e
stop func

If enterin
integrate

NOTE

pendant of
enabling d
Teach pen

Avisual s
on a conti

For robot
indicate v

5.7.8.2
Control st

a) beloc

General

application shall have the means to control, program/teach, configure and troubleshoot
r other control stations). At least one of the following means shall be provided:

ol panel or teach pendant;
Le control capability and the corresponding connectivity (cabled or wireless).

rol station or teach pendant that has the capability of initiating motien or hazardous funcf
mergency stop device in accordance with [SO 13850:2015, 4.3.5)for the initiation of an e
fion in accordance with 5.6.2.

b the safeguarded space in manual mode leads to a hazardous situation, all pendants sha
] 3P enabling device.

According to ISO 10218-1:2025, 5.5.4.1, a 3P enabling device is not required to be integrate
Class I robots that meet [SO 10218-1:2025, 5.1.17.If a Class [ robot pendant does not have an int
bvice, then a safety function input is provided fora’3P enabling device.

dants and control panels shall be in accordance with the requirements of the IEC 61310:2(

gnal at the control station shall indicate the active status of a control station (e.g. an indi
ol panel or a warning at a teach(pendant display).

[e.g. teach

ions shall
mergency

11 have an

d into the
borated 3P

07 series.

rator light

applications with remoteseontrol capability, control stations (including teach pendants) shall

'hen remote control is active.

Location
ations, pendarnits, teach pendants, electrical cabinets and equipment shall fulfil the folloy

ated for aceess by operators while the operators are safeguarded;

b) portgble control stations (e.g. pendants and movable control station) shall be located or pos

allow

an operator to have an unobstructed view of the application;

ping:

itioned to

c) electrical cabinets and fixed control stations shall be located or positioned (for access) outside of the
perimeter safeguard (5.8.3) when perimeter safeguarding is provided;

d) portable control stations (e.g. pendants and movable control station) when not used shall be located or
positioned outside of the perimeter safeguard (5.8.3) when a perimeter safeguard is provided;

e) those having the capability of mode selection, local/ remote control selection or use within the
safeguarded space(s) shall be placed near the access means for improved ease of use by the operators.

When electrical equipment, containing elements that require access (e.g. for routine service), are mounted
above the level of normal reach (e.g. on the roof of machine), a means for access shall be provided (e.g. a work
platform) according to the [SO 14122:2016 series. The results of a risk assessment shall be used to determine
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the means for providing access to the relevant devices between a height of 400 mm and 2 000 mm from the
access level.

NOTE

See also IEC 60204-1:2016+AMD1:2021.

Electric enclosures shall be mounted so that their doors can be fully opened and escape routes are always

available

even when doors are opened. This is fulfilled when:

— doors can be easily pushed to a closed position, taking escape direction into account;

— theremaining clearance is not less than 500 mm when the door is fully open (see IEC 60364-7-729:2007).

Selection and design of platforms, walkways, stairs, stepladders and fixed ladders shall be in accordance

with the r

5.7.8.3
Pendants
a) Thos
1) e
2) e
3) s
b) ifequ
1) t

2)

—

c) Cable

Pendants
cableless

Teach per

1 £l 1CA-4-44939 230 .
CICVAIIL PAI'LS OI'UIC 10U 1F144.4U10 SCIICS.

Pendants and teach pendants

and teach pendants shall fulfil the following:

e that can cause motion or hazardous movements shall have the following-functions:
mergency stop in accordance with 5.6.2;

habling device in accordance with 5.7.7; and

ngle-point-of-control, in accordance with 5.7.5, when in mandal mode (5.7.2.3).
ipped with a cable,

ne cable shall be:

- of sufficient length to allow operators to perform expected tasks in a safe manne
having to go over the equipment to get toza task zone due to insufficient cable length);

- capable of withstanding the anticipated environmental conditions of the location in y
to be used.

he cable shall be provided with the means:
- for proper placement to.minhimize the possibility of damage which could result in a ha
- of cable stowage to reduce entanglement and tripping hazards.

less or detachable.pendants and teach pendants shall conform with 5.7.8.4.

and teach pendants may consist of multiple parts, that can be connected by a cable (5.7]
br detachablé (5.7.8.4).

dantsshall conform with the requirements in ISO 10218-1:2025, 5.2.8.4.

5.7.8.4

" (e.g. not

which it is

zard;

8.3) or be

Cableless or detachable pendants

In additio

n to 5.7.8.3, cableless or detachable pendants shall fulfil the following:

a) the possibility of unintentionally controlling a robot application shall be avoided by:

1) u

nambiguous means that identify the robot application being operated;

2) connection means to ensure integrity of communication (e.g. login, encryption, firewalls);

3) u

nambiguous means to indicate connection continuity (e.g. screen display);

b) asingle cableless teach pendant shall not be simultaneously connected to more than one robot or robot
application;
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¢) loss of safety-related communication (e.g. out of range, loss of battery power) on any active pendant (i.e.
teach pendant paired to a robot) shall result in a protective stop for all controlled equipment; restoration
of safety-related communications (5.5.9) shall not allow a restart without a separate deliberate action
(5.5.7.1);

NOTE1 SeelSO 10218-1:2025.1EC 60204-1:2016+AMD1:2021 and IEC 62745:2017.

d) an unambiguous means shall be provided to disconnect controllers from the pendant (e.g. a positive
action by the operator to de-couple a teach pendant from a robot control), and when devices are logged
out, it shall be clearly recognizable that the relevant safety functions are not active anymore;

e) confusion between active and inactive emergency stop devices shall be avoided by providing appropriate
storage or design.

NOTE 2 |[SeeISO 13850:2015.

NOTE 3 [Cableless (e.g. wireless) pendants that can cause motion or any hazardous functions ceuld provjde remote
control to phich the requirements of 5.7.6.3 apply.

5.7.9 Simultaneous motion

A single tpach pendant may control simultaneous motion of a robot application with multiple robpots. Each
robot (and if necessary, end-effectors, additional axes and other parts of\the robot application) shall be
selected Hefore being activated. To be selected, all robots shall be in the sanie operational mode (e.g} reduced-
speed manual mode). An indication of what will be activated (selected to be moved) shall be provided in
accordang¢e with ISO 10218-1:2025. Only what is selected shall be a¢tivated. Any robot not selected shall not
move and|shall not present hazards by means in accordance with.5:2.8.

5.8 Safpguards and their use

5.8.1 General

Guards and protective devices shall be used to reduce risks by:

a) prevgnting access to the hazard(s);

b) causihghazard(s) to cease before access;

c¢) prevgnting unintended operatien;

d) contdining ejected parts.and tooling;

e) limiting other processhazards, e.g. laser, fluids, airborne materials.

The locat]on of equipnient and machinery should not introduce additional hazards.

When prqtective-dévices initiate a protective stop, the stop shall remain active while an operatpr or part
of an operator is within the safeguarded space. If whole body access exists or if it is possible for parts of an
operator fa“be undetected within a safeguarded space and also hidden from view at the reset cqntrol, the
requirements of 5.5.7 and 5.8.10 shall be futtitted:

NOTE 1 If sensitive protective equipment is used, it is advisable to verify that operators cannot circumvent the
detection zone, (e.g. by climbing onto parts of the machinery). See 5.8.6.3.

Risks of whole body trapping or body parts being crushed between moving portions of the robot application
with, for example, parts of buildings, structures, utilities, other machines, and equipment, shall be reduced
to acceptable levels. Clearance in accordance with ISO 13854:2017 should be provided. Safeguarding shall
be provided when clearance is not in accordance with ISO 13854:2017.

NOTE 2  See Annex Q for a relationship of standards and safeguards.
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5.8.2 Establishing a safeguarded space

The safeguarded space(s) shall be defined during the design of the robot application. Safeguarded spaces
may change dynamically as needed for the application, e.g. different modes, equipment position or location
changes. Changing shall be part of the functional safety of the limiting device implementation.

Robot applications can have a potentially large operating space, e.g. handling a large workpiece, using all
the movement and reach capabilities of the robot including the space for the end-effector and workpiece(s).
The safeguarded space(s) should be reduced. This is accomplished using limiting devices to restrict the
movements. Software-based limiting according to ISO 10218-1:2025, 5.7.4, may be used to modify and /or
reduce the size of the restricted space(s).

The restricted space(s) shall be within the safeguarded space.

NOTE1 |[See5.4.7.

NOTE 2 |See Annex B for illustrations of spaces.

5.8.3 Pprimeter safeguarding

When required, perimeter safeguarding shall be implemented using guards in.accordance with 5.4.5 and/or
sensitive protective equipment in accordance with 5.8.6.

Where crjushing or trapping is prevented by the maintaining of minimum gaps, the gaps shall|meet the
requiremgnts in [ISO 13854:2017.

Unless allpwed by 5.12.2, the height of the perimeter guard shall.beat least 1 400 mm from adjacert walking
surfaces. [The perimeter guards shall not be installed closer to.the hazard than the restricted spafe (5.4.6),
unless guprds are designed to be the limiting device in accordance with 5.4.7.

NOTE For requirements about adjacent robot cells, see 513

5.8.4 Oyverriding of protective devices

There ar¢ circumstances that could require-overriding a protective device (e.g. for purposes of material
entry / ekit, threading or feeding set-up)-Providing this capability shall be according to 5.7.2.4 For SPE,
providing the override shall be accordingto 5.8.8. When provided, the overriding means shall piovide the
same level of risk reduction as the pretective device.

5.8.5 Guards

5.8.5.1 |General
Guards sHall conform with ISO 14120:2015.

Non-interjocked.gudrds shall only be removable using a tool and shall not be easily circumventefd without
a tool. Thieir fixing systems shall remain attached to the guards or to the machinery when the guards are
removed.|The requirement does not necessarlly apply to fixed guards that are only sub]ect to be[removed,
for exam lc, whenthe 1ucu,]1uuc1_y 1N \,u1uP1CLC1_y ovet hau}cd, In Du]UJC\.L tO 111qJU1 IClJclllD orts—dismantled for

transfer to another site.

Guards shall be located in accordance with 5.8.5.2. Guards shall not allow an operator to reach over, under,
around or through (an opening or gap) the guard and access a hazard zone.

5.8.5.2 Minimum distances

Fixed and moveable guards shall meet the requirements of ISO 14120:2015 and their minimum distance
from any hazard shall be determined according to the relevant requirements of ISO 13855:2010 and
[SO 13857:2019, except as permitted in 5.12.2. The minimum distances associated with openings in guards
shall meet the relevant requirements of ISO 13857:2019.

© IS0 2025 - All rights reserved
50


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

5.8.5.3

ISO 10218-2:2025(en)

Interlocked movable guards

Interlocking devices associated with moveable guards shall meet the requirements of ISO 14119:2024.

Movable guards should open laterally or away from the hazard, and not into safeguarded space(s). Interlocked
moveable guards shall be positioned relative to the hazard zone in accordance with ISO 13855:2010.

Movable guards used to initiate starting on closure (control guards) shall meet the requirements of
ISO 14120:2015.

The interlocking function shall meet atleast the requirements of 5.5. The reset shall be in accordance with 5.5.7.2

ne before
Iinction of

ked (e.g. a

bns of the

then this

5.8.5.4 Interlocked movable guard with guard locking

When it i§ possible for the operator to open an interlocked movable guard and reach the hazard zq

the hazarf is brought to a safe state, guard locking shall be provided in addition to the intetlock f

the interlpcking device.

This guard locking shall conform with the following:

a) permfit the actuation of hazardous machine function only when the guard is closed and loc}
door |n a fence);

b) keep [the guard in the closed and locked position if the risk of harm-due to hazardous functi
macl-I'ne exists;

¢) the adlditional requirements of guard locking devices according to ISO 14119:2024, 6.6.

NOTE See ISO 14119:2024, 5.3.1 for conditional unlocking.

When prqcess parameters, such as speed, are being usedias a condition for locking or unlocking

forms paft of the safety function and shall meet thesame functional performance requirements as the

interlocking function.

586 S

5.8.6.1

Sensitive

bnsitive protective equipment

General

protective equipment is typically selected when an application requires frequent access,

bersonnel

interacti](ln with the machine, good visibility of the machine or process, or when it is not ergpnomic to

provide
protectiv

a) possi
b) riskqg

NOTE

oveable guards. HoWwever, some characteristics of applications can preclude the use of
e equipment as the 0rly protective device. Examples of these characteristics are:

bility that theymachinery will eject materials, swarf or component parts;
f injury from thermal or other radiation;

1  Hazards due to ionizing and non-ionizing radiation are excluded from the scope of this docy

c) hazat

sensitive

ment.

dotis noise ]pvp]c:

NOTE

2 Hazards due to noise are excluded from the scope of this document.

d) anenvironment likely to adversely affect the function of the sensitive protective equipment;

e) amaterial being processed which can influence the effectiveness of the sensitive protective equipment.

Where such situations exist, additional or other safety measures can be required.
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Sensitive protective equipment shall conform with the relevant standards for the protective device:

— parts of the IEC 61496 series are relevant to various electro-sensitive protective equipment (ESPE), e.g.
active opto-electronic protective devices (AOPD), active opto-electronic protective devices responsive to
diffuse reflection (AOPDDR), vision-based protective devices (VBPD) and radar protective devices (RPD);

— parts of ISO 13856-1:2013, ISO 13856-2:2013 and ISO 13856-3:2013 are relevant to various pressure-
sensitive protective devices (e.g. mats, edges and bumpers);

NOTE3 IEC TS 62998-1:2019 addresses the sensing function and the dependability of the detection capability of
electro-sensitive protective equipment that is not covered in the IEC 61496 series.

NOTE4 IECTR 62998-2:2020 provides application examples.

Requirenients for the application of these protective devices shall be according to IEC 62046:2018

Where an operator, or part of an operator in the safeguarded space, can remain undetected by the SPE,
additiona] measures shall be provided in accordance with 5.8.1 to prevent hazardous situations ayising.

When defecting an operator inside a manual load/ unload station, the requirements of 5.12.2 shall be
applied.

NOTES5 |[See 5.5.7 for start, restart and reset requirements. See 5.8.10 for the-requirements to pré¢tect from
unexpectefd restart.

NOTE 6 |[If sensitive protective equipment is used, it is advisable to verify that operators cannot circymvent the
detection Zone (e.g. by climbing onto parts of the machinery).

5.8.6.2 |SPE used to initiate a protective stop

Where the sensitive protective equipment is used to initiate a protective stop, it shall be positioned at a
distance from each hazard such that the following is fulfilled:

— suffidient to ensure the hazard is removed; or
— asafd state is achieved before any part of an approaching operator can reach the hazard.

NOTE1 |[Hazards can exist at different locations within safeguarded space(s). The distance needs to ensure that
each hazaid is controlled.

Sensitive [ protective equipment /shall be securely installed and located such that an operatpr cannot
circumvept (i.e. cannot reach ever; under, around or through) the detection zone and reach a hajzard. The
following|functionality shallbeprovided:

a) aprotective stop shall be initiated if the sensitive protective equipment is actuated while the hazardous
conditions are operating;

b) following anactuation, the hazardous conditions being safeguarded by the sensitive protective
equigment;shall be prevented from any hazardous motion or situation until the sensitive irotective
equigment is reset;

c¢) when the sensitive protective equipment is reset, the hazardous conditions being safeguarded by the
sensitive protective equipment can operate.

The formulae in ISO 13855:2010 shall be used to determine the minimum distance from the hazard zone to
the sensitive protective equipment for all directions of approach.

NOTE 2  For the separation distance for speed and separation monitoring, see 5.14.5.3.

5.8.6.3 SPE used for presence sensing

The detection zone of presence-sensing devices shall be positioned and configured so that an operator
or part of an operator will be detected throughout the detection zone and a protective stop maintained.
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Where necessary, supplementary measures shall be provided to ensure that the detection zone cannot be
circumvented.

NOTE 1

Circumvention by operators includes:

— remaining between the detection zone and the hazard zone;

— reaching over, around or under the detection zone into the hazard zone;

— walking on supporting structures or on top of horizontal ESPEs.

Examples of how to prevent operators from being between the detection zone and the hazard zone include
the following:

— use O([ sloping surfaces to discourage standing in unmonitored detection zones (e.g. on machihe frame/
feet, on the sensitive protective equipment); and

— maki

NOTE 2

hg the inside surfaces of guards free of protrusions that can be climbed on.

See Annex ] for further information.

Where the sensitive protective equipment is only used for a presence-sensing function (i.e. it continually

senses th

with othg¢r protective devices (e.g. interlocked guards) to ensure that the’ machine(s) is/are
hazardoup state before hazards can be reached.

5.8.6.4

Blanking

Use of blajnking shall be according to IEC 62046:2018.

5.8.7 Muting

When muting is applied, it shall be according to IEC 62046:2018.

5.8.8 OQverriding of SPE

There arg

threading or feeding set-up). Providing this capability shall be according to 5.7.2.4 and IEC 62

When prd

5.8.9 Minimum distances

5.8.9.1

The mini

For use as a trip-function (initiate a stop)

e presence of an operator or part of an operator in its detection zone)}itishall be used in cgnjunction

in a non-

b circumstances that could require overriding a SPE (e.g. for purposes of material gntry/exit,

D46:2018.

vided, the overriding means:shall provide the same level of risk reduction as the SPE. Se¢ 5.8.4.

um distahee for protective devices providing a trip function (for example, interlocking devices,

sensitive protective/equipment which initiate a protective stop when actuated) shall be in accordpnce with
[SO 1385%:2010;

For maintenance tasks being performed within a robot cell, when electro-sensitive protective gquipment
(ESPE) with vertical detection zones are used to detect inadvertent access to adjacent robot cells (5.13), the
approach speed and intrusion distance used for the calculation of the separation distance may, based on the
risk assessment, deviate from those of ISO 13855:2010.

5.8.9.2

For presence-sensing (continuous detection)

When protective devices solely provide a presence-sensing function (5.8.6.3) to prevent starting or restart
(for example, when they continually sense an operator or part of an operator in their detection zone and
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maintain a protective stop), minimum distance does not apply according to ISO 13855:2010.
capability requirements stated in the related formula of ISO 13855:2010 shall be applied.

Detection

NOTE When protective devices solely detect presence for start or restart hazards, other protective devices are
often used to prevent access or cause the hazard(s) to cease (trip function) or be safely controlled before access.

5.8.9.3 For protection due to a lack of clearance

When protective devices provide a trip function (5.8.6.2) to provide protection against lack of clearance,
the minimum distance shall be calculated using ISO 13855:2010 with the robot application speed as the

approach speed (i.e. K = the robot application speed).

5.8.10 Safeguarding to protect from unexpected restart

From each control station, the visibility to all the locations within the safeguarded.space(s) where
can be, shall be ensured. Where this is not practicable, presence sensing shall be provided to d
person throughout the safeguarded space. Where this is not practicable,_sequenced time-lim
devices ldcated inside the safeguarded space shall be provided. The final reéset device shall be locatg
the safegfiarded space and shall not be within reach by any person within the safeguarded space.

If presenge sensing and sequenced time-limited reset devices are not practicable, one of the
alternativfes shall be applied to prevent a restart:

a) multijple means for the isolation and lockout of.tlié hazardous equipment located wj
safeguarded space;

b) measpres to lock an interlocked guard in the openposition;

c¢) measpres to lock an obstruction within the-detection zone of an AOPD used to detect entr
hazayd zone;

d) trapped key interlock systems.

prevent
permitted
0 shall be

pperators
etect any
ted reset
pd outside

following

ithin the

y into the

If a starfl/restart interlock in corjunction with presence sensing is provided, then, dependifg on the

risk asseg§sment, the presence-sénsing device shall meet at a minimum the requirements of Tyj}
IEC 61494-1:2020.

be 2 from

Protectioh from unexpected start-up shall be according to 5.5.7. Safety-related manual contr¢l devices

shall be lqcated at a sufficient distance to prevent actuation from inside the safeguarded space ac
ISO 13857:2019.

NOTE See 5.5'%

ording to

5.9 End-effectors

5.9.1 General
End-effectors shall be designed, selected and integrated to fulfil the following:

a) conform with 5.1 and 5.2, as applicable;

b) have a means for manual movement or release, for use without power, to free entrapped fingers or other

body parts;

NOTE1 Power includes electrical, pneumatic, hydraulic, kinetic, stored energies and more.
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safety functions to interlock or monitor functions such as gripper closing and opening with information
on the positioning of the end-effector shall prevent inadvertent release of the load in a hazardous
position;

when operators can be within proximity of the end-effector during the gripping of workpieces, the
following shall be provided:

1) minimization of gripping forces needed to achieve adequate grasping of an object instead of
maximum force available;

2) contact between gripper/grasped workpieces and an operator shall be according to 5.14.6;

3) application design measures in which crush hazards are eliminated (e.g. force limiting safety
ffinction setting while the robot is positioning the end-effector (gripper), inhibiting gripppr closure
if the gripper is not in the grip location, sufficient clearance for an operator’s fingers|not to be
crushed when the gripper closes);

when| operators are exposed to risks of an end-effector or a tool attached to an end-effector, fisks shall
be refluced (e.g. protective devices, end-effector or speed limitation);

safety functions used to control risks shall conform with 5.5 and Annex C;

the sfatic and dynamic forces created by the load and the end-effectors.together shall be within the load
capadity and dynamic (motion control system) response of the robot;

alignwith the mechanical interface (couple);
detadhable tools are securely attached while in use;

releage of detachable tools only occurs in designated locations or under specific, controlled cpnditions,
if the[release could result in a hazardous situation;

the epd-effector withstands the anticipated forcesfor its expected life, in accordance with 5.2}2.

When practicable, power can be supplied to end*éffectors for troubleshooting without applying drjve power

to the robjot actuator(s).

End-effecfors shall be selected or designed’/such that loss or restoration of energy supply (5.2.10) does not
cause a hpzardous situation (e.g. release’ of the load or workpiece, throwing the workpiece). If this is not

practicable, other safety measures shall be provided.

NOTE 2 |See Annex I for additional information about end-effectors.

5.9.2 sk reduction mi€asures

Additiondl risk reduetion measures shall include the following, as applicable:

a)
b)
)
d)

e)
f)

g)

contdin the hazards (e.g. guarding, shields);

locat¢ hazards so they are not accessible by the operator;

use a disable function that depends on the orientation of the end-effector;

reduce collaborative task zones when hazards exist (e.g. orientation monitoring safety functions
provided with the robot or end-effector);

identify hazard zones where unexpected hazardous processes can occur;

use of warnings before and during the hazardous process, which includes residual time after the process
has ended (e.g. illuminated signs, symbols audio signals);

use of sequencing based on conditions (e.g. temperature range, retracted blade) instead of timers;

© IS0 2025 - All rights reserved
55


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

h) use of inspection tools such as ultrasonic inspection and camera systems so as to reduce interventions

by op

erators;

i) warnings of hot surfaces (e.g. warning symbols, illuminated signs).

5.9.3 Shape and surfaces

End-effector and fixture designs shall reduce sharp edges to reduce human contact forces or pressures
(e.g. using smooth and compliant surfaces). End-effector mass should be as low as practicable to minimize
the forces or pressures associated with a collaborative application transient contact (e.g. minimizing
momentum and kinetic energy). Padding and cushioning materials, as well as deformable components, can
reduce impact energy transfer.

Motion sl—{z'ill be prevented, or operators safeguarded where edges can result in unacceptable corita
or pressulre(s). Some protective measures include increasing edge radius, increasing contactsun

modifyin

The end-¢

594 P

When op¢
reduced (

a) force
force
corre

b) end-¢
edges

— T

— npovement speed should be decreased tosreduce risks; and

— S

NOTE
huma

c) grip{
force
accor

d) speec

@D

ofrientation and poses;

b edge profiles (e.g. chamfer), or using different surface materials.

ffector should be designed to provide protection from hazards associated with the work

Fotective devices and/or safety functions

rators are exposed to risks of an end-effector or a tool attached«tg’an end-effector, risK
b.g. protective devices, end-effector or speed limitation) using orie or more of the followi

sensing in accordance with 5.14.6, (e.g. enhanced foree\sensing that is more sens
sensing of the robot): measurement of applied forces ©n the surface(s) of the end-eff
sponding monitoring of the end-effector and/or robot;

ffector orientation: if certain orientations of the €nd-effector result in crush points and
being present (e.g. a screw pointing towards a hele into which it is screwed), then

bbot movement in that direction should beninimized;

bftware-based limiting safety functions should be used to limit robot motion and en

1 ISO 13854:2017 contaings information about the minimum gaps to avoid crushing of p4
h body.

orce: where the maximum grip force of the end-effector exceeds the acceptable limitg
applied by the €nd-effector shall be reduced and monitored not to exceed acceptablg
dance with 5.14.6;

monitoring:

he robet speed for which the gripper is intended to be used shall be considered in the des
hd-effector so that the end-effector and any workpiece(s) are retained;

ct force(s)
face area,

piece(s).

s shall be
hg:

tive than
pctor and

/or sharp

-effector
irts of the
, the grip

levels in

ign of the

— if the end-effector movement is controlled separately from the robot, the stop monitoring shall be
considered in addition to the robot application stopping (time, distance, angle).

e) presence sensing:

— asensor (e.g. proximity, motion, image) can be used to detect a workpiece that has the potential to
initiate a sequence that could cause an injury to the operator;

— toreducerisksassociated with contact by the moving end-effector to operators duringa collaborative
application, the end-effector actuation shall be prevented when the operator is contacted or is within

a

detection zone around the end-effector;
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— presence sensing protective devices used for the protection of persons shall conform with the
relevant parts of the [EC 61496 series.

NOTE

NOTE

2 Inthe case of safety-related sensors for safety functions, IEC TS 62998-1:2019 provides guidance.

3 IECTR 62998-2:2020 provides examples of applications.

f) compliantlink (e.g. a pliable link between the mechanical interface and the end-effector):

— compliant linkages and mechanisms within the end-effector can absorb energy of contact. The
transferred force, motion, or energy achieved through compliant links are dissipated in a manner
that reduces the risk and does not introduce new risks;

— theforceortorquewhichamrend=effectorcamrappty camrbe timited;e-g-by mrecianicatcomplings that

N
g) safet)

— U

ield when a certain force or torque level is reached;
 functions:

sed to initiate a protective stop;

— for power and force limiting (PFL) collaborative applications, the force parameter for igitiating a

p

NOTE 4
in some ro

NOTE 5

NOTE 6

59.5 E
To reducd

a) clear

columins) in accordance with ISO 1385%:2019 and ISO 13854:2017 or protection from }

situaf
(e.g. g

b— et

b) prote

appli
accor

b—

rotective stop shall be in accordance with 5.14.6.

Protective devices and safety functions built into, or associated directlynwith, the end-effector
bot applications to reduce risk.

Collision protection devices, energy absorbing materials, springs)can be used.

Safety-related functions of the end-effector can be provided.by the robot, end-effector or both.

hd-effectors and robot application design
risks due to end-effectors and workpieces, the following shall be provided:

inces between end-effector/fixture/weotkpiece and any obstructions (e.g. support postg

ions due to a lack of clearance withlbetween end-effector/ fixture/ workpiece and any obs
upport posts, building columns)‘in accordance with

C 62046:2018 for the selection and positioning of protective equipment; and
b0 13855:2010 for separation distances;

ction from hazardous situations due to stationary obstacles (e.g. support posts, or ot
fation objects)yand moving objects (e.g. carts, mobile platforms, automated guided v¢
dance with

C 62046:2018 for the selection and positioning of protective equipment; and

b0 13855:2010 for separation distances.

an be used

, building
azardous
tructions

her robot
hicles) in

c) spaceTtoaccess entry/exitlocations and paths shall be provided to perform expected tasks In accordance
with ISO 14122:2016 series, ISO 15534-1:2000 and ISO 15534-2:2000.

5.9.6 End-effectors exchange systems

End-effector exchange systems shall be selected or designed such that loss or restoration of energy supply
does not lead to a hazard. If this is not practicable, other safety measures shall be provided to mitigate
against any hazards.

If an end-effector exchange system is used, then the end-effector exchange system design shall not lead
to a hazardous situation. Release or disconnection of the end-effector(s), using the end-effector exchange
function, shall be prevented at positions where release would lead to a hazard.
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The end-effector exchange system shall withstand the expected static and dynamic requirements (e.g.
emergency-stop-situation, loss of energy).

In the end-effector exchange system, it may be necessary to have different tool settings, including TCP
values, for the different end-effectors used. The integrator shall ensure that they enter the tool value for
each individual end-effector.

In addition, the integrator shall design the system so that it selects the proper TCP for the end-effectors that
are being changed.

If motion can be initiated without the end-effector attached, then protective measures shall be applied to
reduce the associated risks.

Where seferal robots use the same type of end-effector exchange system, only intentional combihations of
robots an(d end-effectors shall be permitted.

The possibility of incorrect end-effector selection (e.g. detect the correct end-effector, moniter,.the end-effector
stand/end-effector exchange system) shall be considered and, where practicable, the robot applicdtion shall
detect su¢h a scenario and shall prevent continued operation until the correct selection.occurs.

Unintend¢d release of the end-effector shall be prevented. Release of the end-effector shall on]y be in a
specific ahd safe configuration. (e.g. release only occurs in a docking station).

NOTE ISO 11593 provides vocabulary for automatic end-effector exchange systems.
5.10 Verntical transfer components

5.10.1 Mechanical design

The movdment of the carrier of vertical transfer componénts serving fixed landings shall be rigidly guided
to and at the landings.

NOTE 1 [Vertical transfer components and equipment does not include lifts for people.

Where operators have access to the carrier, thewvertical transfer shall be designed and constructed in such a
way as tolensure that the carrier remainsstationary during access.

The vertig¢al transfer shall be designed‘and constructed in such a way as to ensure that the differenjce in level
between the carrier and the landing being served does not create a risk of tripping.

The verti¢al transfer shall be designed and constructed to prevent the risk of load falling off the cqrrier.

Rope cartiers, tractors or_tractor carriers shall be held by counterweights or be fitted with a ¢levice for
permaneit control of tehsion.

NOTE 2 |For guidance see EN 619:2022, Annex E.

5.10.2 Ppevention of falling hazards

Where therobot appli\,atiuu contains lif‘iiug (vc1 ticatty auofr:l) LUlllpUllClltb andtheretsariskduet persons
falling when the carrier is not present at the landings, guards shall be fitted in order to prevent this risk.
Such guards shall not open in the direction of the hazard zone and shall be fitted with an interlocking device
with guard locking that prevents:

— movements of the carrier until the guards are closed and locked,

— opening of a guard until the carrier has stopped at the corresponding landing.

5.10.3 Prevention of crushing hazards

Risk of crushing between the moving parts and the landings shall be prevented by safeguarding according to 5.8.
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Sufficient free space shall be provided either by means of physical refuges or by means of mechanical devices
blocking the movement of the carrier under all the following conditions:

— itisnecessary to access the movement zone; and

— there is a risk that persons situated under or above the carrier can be crushed between the carrier and
any fixed parts.

5.10.4 Control of movements

The carrier shall automatically stop at the intended positions. Where this is not practicable, movements
shall only be possible with the actuation of a hold-to-run control device.

5.11 Lagers and laser equipment

Where lager equipment is used, it shall be designed and integrated to prevent any hazardous exjposure to
laser radiption. The requirements of IEC 60825-1:2014 shall be applied.

Optical equipment for the observation or adjustment of laser equipment shall be.such that no hazardous
situationg arise from their use.

5.12 Material handling, manual load/unload stations and material-flow

5.12.1 Material handling

Operatorg shall be safeguarded from the hazards associated with material handling (e.g. entapglement,
falling mdterial and the connections with the robot applicationer robot cell).

5.12.2 Manual load/unload stations and other manual-stations

5.12.2.1 |General

Measures|shall be provided to ensure that opetators are not exposed to further hazards due to the joperation
of the mapual stations (for example, crushing, shearing, entanglement hazards).

When a gerimeter safeguarding is established, allowable gaps and openings shall be in accordance with
5.8.5.2. Manual stations shall be déesigned to prevent access to hazards within the perimeter safgguarding.
See also a)) and b) below.

NOTE1 |Requirements for céltaborative applications are given in 5.14.
For heights up to 1 400.fmm, additional protective measures can be taken to:

a) prevgnt the exposure of the operator to application-related hazards within the safeguarded space,
(e.g. djected.parts, welding sparks, etc.);

b) prevgntthe operator from accessing hazards inside the safeguarded space or bring these hatards to a
safe dtate hefore thev can he accessed

When a robot application and an operator have access to the same space and the required risk reduction
is that they not occupy the hazard zone at the same time, this may be fulfilled using a protective device
to trigger a stop category 2 (IEC 60204-1:2016+AMD1:2021) protective stop, followed by a monitored-
standstill according to 5.5.8. This protective device shall

— detect entry of the operator into the hazard zone which is occupied by any part of the robot application
and bring the hazards to a safe state before they can be accessed; and

— prevent any part of a robot application from entering a hazard zone occupied by an operator or bring the
hazards to a safe state before reaching the operator.
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NOTE 2  For ergonomic reasons, heights between 1 000 mm and 1 400 mm could be acceptable depending on the
effectiveness of the impeding device. See also ISO 13857:2019 and ISO 13855:2010.

5.12.2.2 Moving manual stations

Moving manual stations (e.g. rotating turntables, sliding jigs) can themselves be hazardous. Safeguarding
shall be provided in accordance with 5.8. Whether the workpiece is in position or not, gaps between the
moving manual station and any fixed elements (e.g. machine parts, guards) including additional protective
measures shall conform with ISO 13854:2017, Table 1 to prevent crushing.

Additional measures could be necessary to prevent shearing and trapping hazards created by those
mechanical parts (e.g. guards) provided to conform with these requirements.

5.12.2.3 |Manual stations inside the safeguarded space

When prgsence sensing is used to detect the operator in the safeguarded space, the detection z¢ne of the
device shall include the entire hazard zone. When presence sensing is not practicable-and an opgrator can
pass thropigh the detection field of the SPE and access a hazard zone, the following shall'be fulfillegl:

— the SPE shall initiate a protective stop according to 5.8.6.2;

— astafft/restart interlock shall be provided according to 5.5.7.1.

Other mepsures shall be provided to prevent inadvertent resetting of the start/restart interlock, thereby
preventinlg the robot application from moving into the hazard zone while the operator remains in the hazard
zone. Such measures can include the provision of a separate manual réeset.

When majual reset is provided, the whole of the safeguardedispace shall be visible from the resef device. If
this is nof possible, further measures in accordance with 5.8710 shall be applied.

5.12.3 Material flow
Where materials enter or exit the safeguarded space:
— safegparding shall be provided to prevent operators from coming into contact with hazards; qr

— the hlazards shall be brought to a-safe state before the hazards can be accessed, withouf creating
additjonal hazards.

NOTE See ISO 13857:2019 for partial body entry.

The dimepsions of openings‘in guards to allow material entry and exit shall have the minimum dimensions
necessary to allow the passdge of the material. Possible crushing/shearing hazards between th¢ material
and the sides of the opening shall be eliminated by design and/ or additional safeguarding shall bg provided
to elimingte crushing/shearing hazards, e.g. using hinged interlocked doors.

Where ogeningsfor material entry and exit are safeguarded using ESPE, access to the safeguarfled space
shall be pfevénted by the material itself, or by other means according to IEC 62046:2018 and the ESPE shall
allow the [;yassage of materials by either one of the following functions:

a) a muting function that temporarily deactivates the ESPE function allowing material to pass through
(entry/exit);

b) achange in protection (e.g. blanking) that enables materials to pass through; in this case the minimum
distance indicated by the manufacturer of the ESPE shall be applied according to IEC 62046:2018.

The performance level of muting and blanking safety functions shall not adversely affect the performance
level of the safety function for the ESPE.
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5.13 Adjacent robot cells

Safeguarding shall be provided to

a) ensure that operators in a robot cell are not exposed to hazards from adjacent robot cells;

b) reduce risks to operators due to the transfer of materials into and out of adjoining robot cells;

c¢) befor

e operators would be exposed to hazards in or caused by adjacent robot cells, either

— prevent operator access to adjacent robot cells from within a robot cell; or

— bring hazards within adjacent robot cells to a safe state.

NOTE 1

NOTE 2

NOTE 3

See the requirements in 5.8.4 for when guards are used.
See 5.3 for robot cell integration with other machines and sub-assemblies.

See 5.12 for material handling, manual load/unload stations, material flow.

5.14 Collaborative applications

5.14.1 G

Operator
to contac
of operat
contact o

eneral

from moving parts of the robot application. Protective mieasures shall be provided for
br(s) in the event of such contact or stop the robot application motion and other hazar
ccurs. As determined in the application risk assessment, protective measures shall addr

static and transient contact hazards to the operator. Contact éxposure to sensitive body regions,

the skull,

and/or prjotective devices shall be applied.

If one or

more operator(s) are within the safeguarded space during robot application motion in

operation|, all required safeguards shall be active!

Robots uded for integration into a collaborativé application shall conform with the relevant requir
ISO 1021§-1:2025, 5.10.

NOTE 1 [See ISO 10218-1:2025 for requirements of safety functions for robots intended to be used in co
applicatioms.
NOTE 2 |[See requirements in-5:2.2.1 for general mode requirements and 5.7.2.4 for mode selection.

Collaborative applications’may consist of collaborative and non-collaborative tasks within

safeguarg
when coll

NOTE 3

hborative tasks may be performed.

Sharp edges-shall be rounded and softened as far as practicable to reduce human contact forces or
(e.g. using smooth and compliant suriaces). Mass snould be as Iow as practicable to minimize
or pressures associated with a collaborative application transient contact (e.g. minimizing momentum and
kinetic energy). Therefore, robot manipulators and end-effectors should be selected with as low masses as
practicable for the application. Padding and cushioning materials, as well as deformable components, can
reduce impact energy transfer.

See thewréquirements in 5.14.3 for transitions between collaborative and non-collaborative tasks.

s) performing a collaborative task within a safeguarded space shall be protected from injury due

Lhe safety
ds before
PSS quasi-
including

forehead, larynx, eyes, ears, or face shall be avoidedaccording to 5.14.6.3. If not practicablle, guards

hutomatic

ements in

laborative

common

ed spaces. Robet applications that include collaborative tasks should have a visual indication for

pressures

the forces

Motion shall be prevented, or operators safeguarded where edges can result in unacceptable contact force(s)
or pressure(s). Risk reduction to reduce and limit impact forces and/or energy transfer can include the

following

a) increasing the contact surface area;
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b) use of

— rounded edges and corners;

— smooth surfaces;

— compliant surfaces (e.g. padding, cushioning, deformable components) to absorb energy, extend

e

nergy transfer time, or reduce impact forces;

— compliant joints or links;

c¢) reducing or limiting

—_— rnr“n'hn' massec:
oY Trrer

— fi

d) useo

— nponitored-standstill safety function(s);

— S

— protective device(s) implemented to anticipate or detect contact:

As deterr
expected

NOTE 4
only up to

NOTE 5
When de

)
locities of moving parts;
rces or torques;

[

bftware-based limiting safety function(s);

exposure of the operator.

A combination of safety functions can be required, e.gz;the force limiting safety function can b
h certain speed limit. In such a case, an additional speed limiting safety function could be necess

See the requirements in 5.9 for end-effectors.

cigning a collaborative application, safety functions shall be selected to ensure a

environrrlent for all personnel exposed to potential hazards in the robot application.

The colla

5.14.2 Safeguarded spaces

The desig
protected
hazards.

NOTE 1
The robot

a) contr

n of the safeguarded space shall be such that the operator can perform all intended tas
from hazards. Thédayout and location of equipment and machinery shall not introduce

See Annex B forillustrations of spaces.
applieation shall be

olled to prevent any hazardous contact; and

hined by the application risk assessment, application @f protective measures shall address the

e effective
ry.

afe work

orative application shall be provided with a means for extrication from trapping situatigns.

ks and be
hdditional

b) contr
NOTE 2

NOTE 3

olled to prevent any clearance risks.
See ISO 13854:2017 for guidance.

See Annex M for guidance on contact limits.

If there is coordinated or synchronized motion (e.g. line tracking), special considerations could be needed.

The safeguarded space where the operator(s) can interact directly with the robot application shall be clearly
defined (e.g. floor marking, signs).

© IS0 2025 - All rights reserved
62


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

5.14.3 Transitions

Transitions are particularly critical aspects of a collaborative application.

Transitions include the following:

a) between collaborative tasks using HGC, SSM or PFL and between combinations of HGC, SSM and PFL;

b) between collaborative tasks and non-collaborative tasks.

Operators shall be protected from hazardous situations during transitions. If the transition is from
collaborative to non-collaborative task, the start of the non-collaborative task shall be prevented until the
operator is outside the safeguarded space.

NOTE

5.14.4 Hand-guided control (HGC)

5.14.4.1

HGC redy
designed

The robot
— moni
— stop

— moni

Ariskass

on limitirlg the range of motion, the robot applicatiormotion shall be limited using software-base

safety fur
NOTE 1
NOTE 2

Hand-gui

a) HGC may be activated by either

wn

— 4

—

b) theh

A visual indicator to identify transitions between collaborative and non-collaborative tasks,can

General

fo allow direct control of the robot application movement by the operator.
application shall have the following:

rored-speed safety function according to 5.5.6.2;

ategory 2 (IEC 60204-1:2016+AMD1:2021) protectiye-stop according to 5.6.3; and
fored-standstill safety function according to 5.5.8-

bssment shall be used to determine the monitered-speed limit value. If operator safety is ¢

ctions conforming with 1SO 10218-1:2025, 5.7.4.
See the requirements in 5.4.7.3 for nen-mechanical limiting devices.
For guidance, also see ISO 10218-1:2025, 5.4.3 and 5.5.2.

led collaborative applications shall fulfil the following requirements:

he robot and endreffector shall reach its pre-determined position and achieves a 1
Landstill before HGC becomes active; or

proachijngithe robot and actuating the HGC if PFL according to 5.14.6 or SSM according t
plemented;

hnd-guided controls (HGC) conform with ISO 10218-1:2025, 5.10.2;

be used.

ces the risk associated with unexpected motion. For HGC use, the robot application shall be

ependent
d limiting

honitored

p 5.14.5 is

¢) when the operator actuates the HGC hold-to-run control, the monitored-standstill is released, and the
operator performs the hand-guided collaborative task;

d) the operator shall have clear visibility of the hazard zone while hand-guiding to the intended position(s);

e) upon release of the HGC, a protective stop shall occur followed by a monitored-standstill (5.5.8), unless
one or both of the following provides acceptable risk reduction:

— P

ower and force limiting (PFL) according to 5.14.6;

— speed and separation monitoring (SSM) according to 5.14.5.
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f) shall be designed, positioned, and integrated considering the user operation of controlling the robot
such that pinching, crushing sharp edges and other “caught-in” or “compressed by objects” injury risks
are reduced or eliminated through design.

A 3P enabling device and function may be used instead of a hold-to-run device and function, if the design and
integration addresses ergonomic risks due to sustained actuation in the centre-on position.

5.14.4.2 Location or positioning of HGC

The location, layout and control of motion through the HGC device shall be considered for a HGC type of
collaborative application.

be clearly

he direction of motion of the robot and end-effector shall be easily controlled by the HGG

Specific rlsks associated with hand-guided collaborative applications are the exposure to the'movjing robot,
end-effecfor, and workpieces, exposure to hanging loads and the possibility of non-ergonomic pogtures and
associatefl physical strain.

The HGC shall fulfil the following:

a) be lotated so that the operator has an unobstructed view of entire hand-guided task zone,|including
workpiece motion, any hazards that might arise from motion and wisibility of operators entering the
task gone;

b) minimpize exposure of the operator to moving workpieces;

c) belogated such that operator positioning and posture does not cause additional hazards (e.g. operator is
not uhder heavy loads, under the manipulator);

d) provide an ergonomically favourable posture for the operator which can include mounting HGC on
the end-effector structure, at a fixed station, or_providing as a portable control station carried by the
operdtor;

e) end-dffector safety functions shall be prgvided to prevent inadvertent release of a workpi¢ce which
causqgs a hazardous situation according-t0-5.9;

f) confgrm with 5.2.10 to ensure that loss or change of power shall not lead to loss of load, upexpected
motidn, or other hazards.

5.14.5 Speed and separation monitoring (SSM)

5.14.5.1 |General

With spe¢d and separation monitoring, risk reduction is achieved by maintaining the separation distance
between any personm and moving parts of the application, robot, end-effector and workpiece duging robot
applicatign motion.

Speed and“Separation monitoring shall be applied for all people within the safeguarded spdce. If the
performance of the protective device is limited by the number of people in the safeguarded space, and that
limit is exceeded, a protective stop shall occur.

Speed and separation monitoring shall be implemented in accordance with Annex L, ISO 13855:2010 and
IEC 62046:2018.

Collaborative applications using SSM shall use a SPE that detects entry into the safeguarded space and/or
monitors the presence of any person. When a presence-sensing device (PSD) (e.g. laser scanner), is used
to define detection zones, the size and location of the detection zones shall be set so that the separation
distance shall be maintained, even during detection zone transitions.
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The time from activation of a stop command and for the robot application to decelerate to stop (v, in Annex L)
shall be included in the separation distance.

If stopping performance is not monitored by a safety function, then the stopping performance shall be
checked and the SSM application or safety function parameters modified when the stopping performance
degrades.

NOTE1 Stopping performance can be monitored by stopping time limiting or stopping distance limiting safety
functions.

NOTE 2 The speed and separation monitoring capabilities can be integral to the robot, provided by an external
protective device, or a mixture of both.

When thedistance betweern the operator{s)amd moving parts of the appticatiom decreases toa value below
the separftion distance, a stop of the robot application shall occur in accordance with 5.6.3.

With PFL|according to ISO 10218-1:2025, 5.10.4, the separation distance may be reduced-to’zero| (0) when
contact tq an operator(s) is within acceptable biomechanical limits. The transition time for PFL parameters
to becomg¢ active shall be included in the minimum separation distance.

5.14.5.2 |Enabling SSM
The SSM ¢ollaborative application shall have the following safety functions:

a) monifored-speed safety function(s) and a means for adjusting thé parameters of the robot njonitored-
speed safety function(s) according to 5.5.6.2; and

b) speed and separation monitoring (SSM) safety function to ¢ontinuously monitor relative disthnces and
speeds of person(s) and the robot application.

Stopping time or stopping distance safety function should‘be provided.

If the imglementation of speed and separation monitoring is dependent on limiting the range of motion of
the robot|application for operator safety, the robet shall have software-based limiting safety fung¢tion(s) in
accordange with ISO 10218-1:2025, 5.7.4. Other;robot safety functions can also facilitate the implementation
of speed dnd separation monitoring.

Delays in| communication to realize SSM shall be included in the separation distance monitoring safety
function.

After a protective stop (5.6.3) ‘and monitored-standstill according to 5.5.8 have occurred, the robot
applicatign may resume operation automatically when the following are fulfilled:

— the s¢paration distance’shall be maintained;

— no pelople shall hewithin the SSM safeguarded space.

5.14.5.3 |Separation distance

The speedsand the separation distances in an application can be either variable or constant.

Monitoring the separation distances shall be provided by safety function(s) (5.14.5.2).
The separation distance can be provided by the following to achieve a safe state:
— speed reduction, which may transition to a monitored-standstill according to 5.5.8;

— execution of an alternative path which complies with the required separation distance.
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5.14.6 Power and force limiting (PFL)

5.14.6.1 General

In a PFL collaborative application, contact between moving parts of the robot application and operator(s)
can occur. Collaborative applications designed to rely upon power and force limiting shall use robots that
conform with the requirements of ISO 10218-1:2025, 5.10.4. The collaborative application shall be designed
to adequately reduce risks of injury by not exceeding the applicable threshold limits for contact events.
Contact events between moving parts of a collaborative application and operator(s) are identified during the
risk assessment. Contact parameters of pressure and force shall be verified of the identified contact event(s).

NOTE1 See Annex M for guidance in determining limits for PFL collaborative applications.

NOTE 2 |[See Annex N for guidance on measuring the forces and/or pressures of PFL collaborative‘ayplications.
There could be means other than measurement (e.g. advanced computational) by which to verify @and’vhlidate the
forces andfor pressures.

NOTE 3 |The moving parts of a PFL robot application can contact operator(s) either intentionally or uninflentionally.
Risk redlllction is achieved, either through inherently safe means in the robot application and/of through
safety furctions, to keep contact events below threshold limit values that are.determined during the risk
assessment.

Safety fumctions (e.g. speed limiting, power and force limiting) shall becused and configured for(the robot
applicatidn such that the risk of injury is lessened to an acceptable level.

NOTE 4 [Annex M contains guidance about the biomechanical limits.asSociated with exposed body regiogs.

NOTE 5 |For verification and validation requirements, see Clause 6-:and Annex H.

NOTE 6 |During testing (Annex N), contact parameter adjustmients (speed, contact surface area, mass, cpmpliance)

are adjusted to result in contact situations being below threshold limit values.

NOTE 7

cases, the fipplicable threshold limit values can be further reduced to an ergonomically acceptable level.

5.14.6.2

When usihg power and force limitingieontact events to the operator could occur in several ways:
— intenfled non-hazardous contact situations that are part of the application sequence;

— incid¢ntal contact situations, which can be a consequence of not following working proceg

withg

Ergonomic limits can be different from the biomechanical limits. For frequent contacts or other special

Contact situations

ut a technical failure.

lures, but

Contact from moving.parts of the robot application to body regions shall be categorized as either quasi-

static confact events as shown in Figure 4 or transient contact events as shown in Figure 5:
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NOTE 1

moving palrt of the robot application and another fixed or moving part of the work cell fer.an extended tin

until the ¢

NOTE 2
body part

applicatiof without clamping ér-frapping the contacted body region, thus making for a short duration of]

contact. Ty
person’sb

NOTE 3

might be ahywheréalong the length of the kinematic chain (i.e. the manipulator, linkages, tooling, and wor

estimating
a worst-ca

Figure 4 — Quasi-static contact event

Quasi-static contact includes clamping or crushing situations in which a body paxt-is trapped

ndition can be alleviated.

Figure 5 — Transient contact event

Transient contacts are also referred to as “dynamic impact” and describes a situation in which an|
ansient contact isZ7dependent on the combination of the inertia of the robot application, the ine
dy part (AnnexXM), and the relative speed of the two.
The releyant inertia of the robot application is the moving mass as computed at the contact loc|

this value makes use of the specific robot pose, link speeds, mass distribution and contact locat
sevalue.

between a
he interval

operator’s

s impacted by a movingpart of the robot application and the body part can recoil or retract from the robot

the actual
rtia of the

ption. This
kpiece), so
on or uses

NOTE 4

5.14.6.3

The inertia of human body parts is addressed in reference documents listed in the Bibliography.

Risk reduction of contact events

The severity and probability of occurrence of contact events from the moving parts of the robot application
to an operator(s) shall be reduced. Contact from the moving parts of the robot application can happen
because the operator is in a location to which the application moved, or the operator moves towards the
robot application when the robot, end-effector and workpiece are moving in the direction of the operator.

In particular, the hazards associated with contact to the face, skull and forehead shall be considered in the

risk asses

sment.
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The severity and probability of occurrence of contact events shall be reduced by fulfilling the below
requirements, as necessary for risk reduction:

a) layoutdesign (5.4), robot application design (5.4.3), use of safety functions according to 5.5 and Annex C:

1) position the base of the robot away from the operator to reduce the total space that can be occupied
by both the robot application and the operator;

2) minimize the restricted space of the collaborative application by use of limiting devices according
to 5.4.7;

3) minimize application requirements for an operator to move into or be positioned to locations of
contact events;

4) ultilize rounded shapes according to 5.9.3 and 5.14.1;
5) plad surfaces to absorb energy of contact(s), according to 5.9.3 and 5.14.1;

6) improve process reliability and stability to lessen the need for interventions;

b) end-€
c) end-e
d) reduc
1) s
2) W

[a—)

3) u

e) impldment the PFL collaborative application to avoid potential contact(s) by keeping the tool
away|from operator(s), which can be implemented with a safety function for pose limiting or o
limiting;

f) redude the effective mass of mugving parts of the robot application by selection of robot, end-ef!
other|payload influences;

g) keep movements awayfrom the operator by implementation of limiting devices according to 3

h) the use of guards{and/or protective devices to protect sensitive body regions, including
forehpad, larymnxyeyes, ears, or face.

Other saf

¢wer speed value for the speed limiting safety functioir;

ffector design, selection and implementation in accordance with 5.9;
ffector exchange systems, if provided, design, selection and implementation in accordance
e speed by one or more of the following:

peed limiting safety function, according to 5.5.6;

rhen approaching a potential clamping contact event (e:g. workpiece pick-up or release)

se a protective device that triggers either:
- the speed reduction when an operator is\detected;

- a protective stop to prevent contact'from occurring;

bty funretions in accordance with 5.5 may be implemented and used.

vith 5.9.6;

trigger a

direction
Fientation

ector and

.4.7;
the skull,

The risks

due to contact with the face skull and forehead (Annex M, Table M3, Body Regions 1, 2

nd 3)ina

collaborative application shall be reduced. A collaborative application shall avoid foreseeable contacts with
sensitive parts of the body including the skull, forehead, larynx, eyes, ears, or face. Preventive measures
shall reduce risk of contact with these sensitive body parts due to unintentional or reasonably foreseeable
misuse considering that residual risk of contact can remain.

NOTE

Risk reduction measures can be recommended for implementation by the user including personal
protective equipment, such as head protection (e.g. industrial helmet), face shields, visors, eye protection (e.g. safety
glasses) and protective clothing.
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5.15 Assembly, installation and commissioning

5.15.1 Commissioning of robot applications

5.15.1.1 General

A commissioning plan shall include information for protective measures for operators during commissioning
of robot applications and robot cells. These measures also apply to robot applications after significant
changes or after maintenance that could affect their safe operation.

5.15.1.2 Selection of interim safeguards

Interim s
assessme
testing an

Personne
cell, befoy
safeguard
of the equ

Awareneg

Interim s

expe(
acces

the ty

hfeguards shall protect personnel against the same hazards as originally identified-i
ht. If the intended safeguards are not yet available or in place prior to initiating power<o
d verification, an appropriate means of safeguarding shall be in place before proceeding

shall be protected from risks during the initial assembly of a robot application an
e all the final safeguards are installed. Reduced-speed manual mode shall 'be used. A
ing, such as chains or portable walls, shall provide effective protection.during the initi3
ipment. Factors to consider in selecting the alternative safeguards can include:

ted duration required for this interim situation;
sibility to the robot by all personnel;

pe of equipment operating;

which equipment is operating at a given time;

the h

train

hzards presented by this equipment;

ng level of personnel involved.

s means shall be installed to indicate,the boundary of the restricted space.
feguards and protective measures-could include:

ime as for the finished system; but installed in an interim manner;

ent devices used in optional applications;

brary obstructions;

fic written procedures;

bness means;

fic training.

 the risk
h start-up

d a robot
[ternative
| start-up

Initial start-un-nrocedure
Tttt T e

TIITCrIor ap-proce

An initial start-up procedure shall be established and shall include, but not necessarily be limited to, the

a) the sz
b) diffey
c) temp
d) speci
e) awar
f) speci
5.15.1.3
following:
a)

It shall be verified before applying power, that the following have been installed as intended:

1) mechanical mounting and stability;

2) electrical connections;

3) utility connections;

4) communications connections;
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peripheral equipment and system:s;

limiting devices for reducing the range of motion to a subset of the maximum space.

b) Instructions shall be provided that all operators shall exit the safeguarded space prior to applying drive
power for the first time.

c) Itshall be verified after applying power that:

iy
2)
3)
4)
5)
6)

NOTE

operate infthe expected manner.

5.15.2 Epvironmental conditions

The robof application and protective measures of the robot cell shall\be designed considering enviry
conditionf like surrounding temperature, humidity, electro-magnétic disturbances, lighting, etc.
lead to some requirements for the surrounding environment due to technical restrictions.

The robdt application, sub-assemblies, machinery and<(robot cell components shall be selg
implemerfted to withstand the expected use and envirorimental conditions.

5.15.3 Ppwer

All sources of robot application and other;€quipment power (e.g. pneumatic, hydraulic, m
electrical) shall meet the requirements asspecified by the machine and component manufacturers.

Installatipns shall be in accordance with the relevant requirements of IEC 60204-1:2016+AN
ISO 4413:2010and ISO 4414:2010, Seé 5.2.13.

5.15.4 Lijghting
When da

emergency stop devices and functions operate;

each axis moves and is restricted as intended;

awareness means (audio/visual) function as expected;
all safeguarding devices or interim safeguards function as expected;
nanual mode is activated and functioning as expected.

This is critical during initial power-on to ensure that the robot application ‘and other equipm

ent move/

onmental
[hese can

cted and

bchanical,

1D1:2021,

'kness or shadows due to lighting cause hazardous situation(s) for operators to perfgrm tasks,
suitable ljghting shall_b& provided in accordance with relevant standards. For requirements d

f lighting

of workplaces, 1S0-8995-1:2002 shall be applied for indoors and ISO/CIE 8995-3:2018 shall be applied for

outdoors.

NOTE 1

HaZzardous situations can include irritating dazzle, stroboscopic effects, etc.

Hazard zones where frequent inspection, adjustment or maintenance is required, shall be provided with
appropriate additional lighting where it is foreseeable that illumination by ambient lighting of normal
intensity could be inadequate. The additional lighting shall result in a minimum illumination intensity of
500 lux at the areas where frequent tasks (e.g. loading/unloading, inspection, adjustment) are performed.

NOTE 2

Locations to be considered for lighting include control stations, entry zones, serviceable parts inside
housings (internal parts), etc.

5.15.5 Labelling

Controls shall be labelled to clearly indicate their function, according to IEC 60204-1:2016+AMD1:2021,
[EC 61310-1:2007 and IEC 61310-2:2007, (e.g. power on “|”, power off "0”). See Annex G.
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5.16 Maintenance

5.16.1 General

As far as practicable adjustment, maintenance, repair, cleaning and servicing tasks shall be possible while
the robot application is at a safe state. The robot cell shall be designed and constructed in such a way as to
allow safe access to where intervention is necessary during maintenance. Maintenance should be performed
from outside safeguarded space(s). When it is necessary to perform maintenance within these spaces,
selection of the preferred means of safeguarding shall be as follows:

a) the system shall be provided with the local means of controlling and isolating hazardous energy
(e.g. disconnector, pressure relief device, energy isolation control system);

b) for mpintenance tasks thatare anticipated, integral to production, and these tasks need to hegerformed
withqut energy isolation, then effective alternative protective measures shall be provided;

¢) when|alternative protective measures are provided in accordance with b), the protective measures for
the cllntrol of hazardous energy or for position monitoring shall include one or mere of the following:

1) e or more safeguards that meets the requirements of 5.8;
2) placing the equipment in a monitored-standstill that meets the requirements of 5.5.8;

3) providing single-point-of-control (5.7.5) for personnel entering the safeguarded space (pfocedures
shall be defined and provided in the information for use);

4) providing a specific operating mode according to 5.7.2 for Specific identified tasks. When guards are
pirovided to allow access for maintenance, the guards,shall be of sufficient size to allow edsy access
for the necessary tools, materials, and operators.

5.16.2 Movement without drive power

If the application requires movement without [drive power capability, the integration shall fulfil this
requiremgnt. When the robot’s capabilities of movement without drive power are used, the implefnentation
shall conform with the instructions for use .gfithe robot’s movement without drive power capabilities. The
integratof shall update any warnings and(information.

The integfation shall have the means<o'actuate the end-effector if there is a hazardous situation, ejg. gripper
needs to e opened to release object or operator.

6 Verification and validation

6.1 General

The integfator shalVperform the verification and validation of design and construction of robot applications
and robof cells\including appropriate safeguarding in accordance with Clauses 4 and 5.

6.2 Verification and validation methods

Annex H lists the methods to verify and validate the requirements stated in Clause 5. Using one or more
methods, each requirement shall be verified or validated, or both verified and validated.
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6.3 Verification and validation of guards, protective devices, safety function parameter
settings and biomechanical threshold limits

6.3.1 Guards and protective devices

Guards and protective devices shall be verified whether, as installed, the guards and protective devices:

— reduce identified risks consistent with the manufacturers’ (e.g. guards, protective devices) and
integrator’s information for use; and

— have been appropriately applied.

a) Prevention of accesstothe hazard shall he achioved l‘\y-

1)
2)
3)
4)

b) The ipstalled guards and protective devices shall be verified as to:

iy
2)
3)
4)

6.3.2

chusing the hazard to cease before access;
pireventing the creation of a hazard by unintended operation;
cpntaining parts and tooling (e.g. loose objects, flying projectiles);

cpntrolling other process hazards (e.g. noise, laser, radiation).

(=4

pe of guards, size of openings, placing of guards, correct safety-distances, heights;

—t

wn

zes, etc., and;

blypass and muting functions.

Safety function parameter settings

he reset control being at a location that cannot be accessed from inside the safeguarded gpace;

pes of protective devices, detecting capabilities, placing of protective devices, correct flistances,

Safety fupction parameter settings shall be fested to ensure that the settings achieve the needed risk

reductionand fulfil the requirements specification.

6.3.3

Validatio
all relevant parts of robot applieation, e.g. manipulators, end-effectors, tools, fixtures, workpieces

For the rdlevant contactpoints between moving parts to a specified region of the human body, v4
of contact forces and pressures is first performed. For this verification, force and pressure measg
shall be performed-ox Suitable advanced computational means may be used.

6.4 Complementary protective measures
[t shall blwfﬁedﬂmrmrmmrmmmmvﬁ?d.i

B'[omechanical limits

of requirements regarding biomechanical limits for PFL collaborative applications sha

a) instructions;

b) training materials;

c) warnings;

d) information about the required personal protective equipment;

e) procedures;

f) other appropriate measures.
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7 Information for use

7.1 General

The information for use shall be in accordance with ISO 12100:2010, 6.4 and address the different phases of
the robot application’s use, including transport, assembly and installation, commissioning, operational use
(including start-up, shut-down, setting, teaching/programming or process change over, operation, cleaning,
fault finding and maintenance) and, where relevant, decommissioning, dismantling and disposal.

The information for use shall describe the limitations of use and the intended use(s) of the robot application.
It shall inform the user about ways in which the robot application should not be used for which experience
has shown that these occur.

Informatipn for use is an integral part of the design of a robot application and a robot cell. The information
for use copsists of:

a) signals and warning devices;

b) markjings, signs (warning labels) and written warnings;

¢) accorhpanying documents (e.g. instruction handbook).

The informnation for use shall conform with the requirements of:
— IS0 4§13:2010, Clause 7 for hydraulic systems;

— IS0 4§14:2010, Clause 7 for pneumatic systems;

— [EC6P204-1:2016+AMD1:2021, Clauses 16 and 17.

Unless otherwise required by national law, the information for use shall be in the language of thle country
where thg robot application is to be used, in accordangewith ISO 20607:2019, 6.2.

7.2 Sigpals and warning devices

Where provided, visual (e.g. flashing lights) and audible signals (e.g. buzzers) shall confprm with
1SO 1210¢:2010, 6.4.3.

7.3 Marking

The robof application and rebot cell shall be marked in a distinct, legible and durable manner with the
following

a) theirftegrator’s information:
— business.fiame;

— full address;

3 +la 3 | ot 1o 3 < 1 H 1 | A lhaia lo 3 d
I 1 dll dUlliUurIiZcu lClJl CoOoUlIItdlIvVU Ul dUulllUI14TuU Dul)t}llcl IS a})}}u\,auxc, LIITIT LIICTT UUOSITIITOOS ame an

full address;
NOTE The integrator can be referred to as the “manufacturer” of the supplied robot application or robot cell.
b) robotapplication information:
— type of robot application (e.g. robot welding system);
— robot application series name or designation, if applicable;
— model number or reference number, if any;

— the year of manufacture;
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¢) supply data for electrical and, where applicable, hydraulic and pneumatic systems (e.g. minimum and
maximum pneumatic pressures);

d) lifting points for transportation and installation purposes, where applicable.
The following requirements shall be applied:

— IEC60204-1:2016+AMD1:2021, Clause 16 for electrical equipment;

— IS0 4413:2010, 7.4 for hydraulic;

— 1S0 4414:2010, 7.4 for pneumatic.

7.4 Sigps (pictograms) and written warnings
Signs and|written warnings shall conform with ISO 12100:2010, 6.4.4.

Registered signs according to ISO 7010:2019 shall be used as applicable. Where noregistered|signs are
applicablg, safety signs and markings with written warnings shall be in accordance 'with ISO 3864-1:2011,
[SO 386442:2016, ISO 3864-3:2024 and ISO 3864-4:2011.

Robot applications containing functions for lifting goods only and with a carrier which allows|access to
persons, $hall have a clear and indelible warning prohibiting the lifting of persons. This warning shall be
visible at the position which allows access to the carrier.

The requirements of IEC 60825-1 shall be applied when laser equipment is part of the application.
7.5 Instruction handbook

7.5.1 General

The systejm integrator shall provide an instruction handbook in accordance with ISO 12100:2010,6.4.5 and
ISO 20607:20109.

For the| electrical equipment, the information shall conform with the requirerhents of
IEC 60204-1:2016+AMD1:2021, Clause 17.

In addition, the instruction handbook.shall include the information in accordance with 7.5.2 to 7.5)23.

7.5.2 I:lLentification
Informatipn shall be provided“about the system integrator as follows:
— the bfisiness name;

— full afldress;

— contdct infermation of the system integrator, e.g. telephone number, service/ support websitejaddress;

'f £ 3 pa | ot 1 3 A | 1: 3 1 | 1 adatlo o 1o 3 f 11
— I an aumotriZzeatrepresentattve-orattnortiZzea stupprerisappcanrearsoproviae e oustressname, ru

address, and contact information;

— the designation of the machinery as marked on the machinery itself, except for the serial number.

7.5.3 Intended use
The following shall be provided:
a) description of the range of applications for which the robot application is intended;

b) the robot application components (e.g. robots, external controllers, teach pendants, safeguards);
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7.5.4 Transport, handling and lifting

If transpgrt, handling and storage of a robot application is requived by the user, the Instructioj

detai

ISO 10218-2:2025(en)

led description of the system, its fittings, its guards, and/or protective devices;

the intended use(s) and prohibited usages, taking into account reasonably foreseeable misuse(s);

the conditions in which the requirements of stability are met, e.g. during use, transportation, assembly,
dismantling when out of service, testing or foreseeable breakdowns;

the li

mitations of use, included intended life of the system;

the limits for the range of motion(s) and robot payload capacity, including maximum mass and size;

any conditions that restrict the workpiece, payload or material subject to the robot application;

impldmented in the robot application;

interface requirements to other machines;

data

to thg measuring methods used;

measures

oncerning other hazards, for example, gases, vapours, dust, and vibration generated with

reference

for cdllaborative applications, inform that residual risks can include psychological stress due tocognitive

and physical ergonomics.

shall incl

componeits shall include:

a) storape conditions for the individual robot applications;

b) dimepsions, mass value(s), position of the centre(s) of gravity where applicable;

c¢) wherp applicable indications for handling'fe.g. drawings indicating application points f
equigment).

7.5.5 Inpstallation

If the robpt application is intended(to be installed by the user, the information relating to installat

robot appllication shall include:

a)
b)
9
d)

e)
f)
g)

fixing/anchoring and if\applicable vibration damping requirements;
assembly instructions;

spacd needed{or‘use and maintenance;

perm
radia

ide information relating to transport, handling and storage of the robot application

issible~'environmental conditions (e.g. temperature, moisture, vibration, electrg

s for use
hind or its

or lifting

ion of the

magnetic

Lion);

instructions for connecting the robot application to power supplies and other utilities (e.g. water, air);

advic

e about waste removal/disposal;

description of the installation requirements such as utility needs, floor loading, etc.

7.5.6 Commissioning and programming

If the robot application is intended to be commissioned and programmed by the user, the instructions
handbook shall contain instructions about:

commissioning,
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— programming;

— how to perform the initial test and examination of the robot application and its protective measures
before being placed into production, including functional testing.

If necessary, recommendations shall be provided about protective measures which are to be taken by the
user, e.g. additional or interim safeguards, separation distances, safety signs and signals.

The following instructions shall be included:

a) before applying power, it shall be verified that:

1y
2)
3)
4)

b) after ppplying the power, the following shall be verified to be located and funétion as intended:

1
2)
3)
4)
5)
6)
7)
8)
9)

all components have been properly mechanically mounted and are stable;

the safety-related parts of the control system are installed as specified;
if applicable, mechanical limiting devices are installed as specified;

the appropriate safeguarding is installed as specified, including interim safeg@afds if app

—t

he start, stop and mode selection control devices;

n

ngle-point-of-control;

epch axis’ movements;

—

he limiting devices that establish the restricted space;

[}

mergency stop and protective stop functions and their devices;

Il control stations;

job)

—

he peripheral equipment including interloeks;

alll safeguards, protective devices, enabling devices, and interlocks;

all other safeguarding (e.g. barriérs, interim safeguards), if applicable.

icable.

Instructigns shall be provided for héw: to validate the version of all programs, both standard coItrols and
SRP/CS. These instructions shall-include how to determine the versions that are installed for t
applicatidn and robot cell.

7.5.7 Abnormal and emergency situations

Instructigns for emergéncy situations shall include, where applicable:

a) wherg blocking/(5.10.3) cannot be avoided, the guidance to safely block and unblock the equip

b) guiddanee'on the means for the release of operator(s) trapped;

eir robot

ment;

c) type of fire-fighting equipment to be used, if specific;

d) warning about possible emission or leakage of harmful substance(s) and means to fight their effects (if
practicable);

e) instructions and recommendations for training operator(s) on responding to emergency or abnormal
situations including emergency recovery of system equipment.
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7.5.8 Settings and operation

Instructions shall be provided for safe operation and settings (e.g. setup, parameter entry, preparing for
operation), including safe working practices and the training required to achieve the necessary skill level of
operator(s) operating the equipment including:

a)

p)

7.5.9 Maintenance

Informatilon for maintenance shall include:

a)

b)
)

d)

risks that can be generated by certain applications, using certain fittings, and about specific safeguards
that are necessary for such applications;

material flow;
operator tasks, locations, and routes to perform the tasks;

span; protective

devic

descrfiption of manual controls (actuators), enabling devices, protective stops;
other|controller functions, operator panels, teach pendants, enabling devices andyindicators;

procqgdures for setting and adjustment, including as applicable:

c

se of single-point-of-control;

wn

btting the TCP;

(%)

btting the payload;
modds and means for stopping;

procqgdures for fault identification and location, required intervention(s) and restarting| after an
interyention;

persdnal protective equipment that needs to be itsed and training required;
instrfictions that disconnected teach pendants shall be removed from access;
procddures for emergency situations;

procddures for local and remote conttol;

storage locations or design of unused cableless/detachable teach pendants to prevent use of ap inactive
emergency stop;

requirements for periodic functional testing of safety-related equipment;

instrfictions on aveidance of singularity conditions based on information from the robot manyfacturer.

instructions for safe maintenance, including safe working practices and the training required to achieve
the necessary skill level of operator(s) operating the equipment;

instructions and procedures to avoid errors of fitting during maintenance;

specification for any fluids or lubricants to be used in lubrication, braking, or transmission system
internal to the robot, including guidance on correct selection, preparation, application and maintenance
of expendables;

specifications of the spare parts to be used, when these affect the health and safety of operators (e.g.
safety-related parts of the control system);
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e) nature and frequency of inspections for safety-related reasons;

f) instructions relating to maintenance operations which require a specific technical knowledge or
particular skills and hence should be carried out exclusively by skilled operators (e.g. maintenance staff,
specialists);

g) drawings and diagrams enabling maintenance personnel to carry out their task (especially fault-finding
tasks) including technical documentation about electric, hydraulic and pneumatic equipment;

h) information and instructions to replace safety-related parts (e.g. manufacturer part number,
specification of the parts) and instructions for any test or examination necessary after such a
replacement;

i) tasks
j) safe
k) proce
1) instry

— e

— V]

that require energy control and 1solation;

vorking procedures where manual suspension of safeguards is unavoidable;

dures for fault identification and location, repair, and restarting;

ictions to confirm safety function settings after an application is repaired or modified ar
valuate if the repair or any modification results in increased risk(s), and

erification and validation shall be performed that safety-related parameters are set as re

7.5.10

Instructigns for safe decommissioning, dismantling and disposalshall be included.

7.5.11

commissioning

mote interventions

1d to

quired.

The instrjuctions for use shall prescribe the operating*procedures for remote interventions that shall be

followed by the remote and local operators involved.

7.5.12

Informatipn shall be provided about hazardous energy including information about sources of e

type of en

Details sh

a) require energy control and-isolation; and

b) area
Instructic

— isolat]
other

zardous energy

ergy and stored energy.

all be provided about tlie ymaintenance tasks that:

hticipated to require hazardous energy to perform the maintenance task.
ns shall be\provided about how to:

e the.energy including the isolation means and those having the capability of being
wise secured in the de-energized position;

hergy, the

locked or

— release stored energy in a controlled way.

When more than one disconnecting device is provided, each of its locations shall be described.

7.5.13 Limiting devices and restricted space

The instructions for use shall include the following information:

— the type of limiting devices provided and for what axes;

— the configured limits of software-based limiting safety functions, if the safety functions are used;

— therestricted space dimensions and the stopping time, if applicable;
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nsions and locations of the dynamic limiting;

— for non-mechanical limiting devices, the position where a stop is initiated and the location where the
movement stops as this defines the restricted space;

— ades

cription of how all axes are limited.

7.5.14 Movement without drive power

Information shall be provided about the movement, without drive power, of robot axes, robot actuators,
additional axes, end-effectors and other equipment in the robot application and robot cell. The information
shall include the following:

— ades

Cription of this capability; instructions for how to move the robot without drive power;

— recorhmendations for training operator(s) on responding to emergency or abnormal)situa
situations that could require movement without drive power);

— warnfng of the potential hazard(s);

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

7.5.15 C

The instn

including
a descrip

pntrol station(s)

teach pendants provided with the robot. For any controlstations that are detachable or
ion shall be provided of the storage or design to prevent confusion between active an

control stptions.

7.5.16 F

7.5.16.1

inctional safety

General

The descijiption, of each safety function or combination of safety functions used in the applicatio

provided
— inten
— funct
— input

— availd

including the following:
Hed function;

jonal safety performance;

5 and outputs as applicable;

bility.

This requfirement alsg-applies to safety functions associated with any external safety controllers.

Instructic
hydraulic

ns on loeation and function of all control systems including diagrams of the interface of
and pneumatic systems necessary for setup and installation.

fions (e.g.

uctions for use shall provide information about the use @nd functions of all contro] stations

cableless,
l inactive

n, shall be

plectrical,

NOTE

7.5.16.2

o ah it 1 . A | 1 . £l . 11 1 £l 1 1 1. .
TS UUCS TTOUTIICIUUCT SUIICIITIAUILS U LT TIITTHTU LU PpIUOPCIly U LIS TUDOUL U TODUL AP PIILALIUIT CO

Safety-related parametrization of software

The following information about safety-related parametrization of software shall be provided:

— how safety parameters are secured;

— safety functions affected by unsecured settings, e.g. workpiece dimension;

nponents.

— what robot and robot application safety function(s) are included in the identifier, e.g. checksum;

— how to view and document the settings and parameters (5.5.5);
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— the maximum response time for any parameter limit change to become effective.

Information and guidance shall be provided about robot application settings and software limitations that
are related to safety function configuration. The importance of verifying and validating safety function
parameters before starting the use of the robot application shall be emphasized. This includes the initial
setting and any changes to parameters.

7.5.16.3 Response time of safety functions
Response time(s) and if applicable the transition time(s) of each safety function shall be provided.

For movements without stopping distance and/or stopping time monitoring safety functions, the following
shall be previded:

— stopging time and distance or angle from initiation of stop signal;

— recormqmended interval for periodic stopping time/stopping distance testing.

7.5.16.4 [Stop functions including emergency stop

For all stdp functions, including emergency stop, the following information shall be provided:
a) stop ¢ategory according to IEC 60204-1:2016+AMD1:2021;

b) spanjof-control of every stop device and protective device;

¢) maxijnum response time for any stop, as measured from input state change until the termjnation of
hazaidous function of the robot application.

7.5.16.5 [Speed limiting safety functions

When a speed limiting safety function is implemented, the configured speed limit and the purpoge of using
this safety function shall be provided.

NOTE See 5.5.6.

7.5.17 Operating modes
Instructigns and warnings that
a) reduded-speed manual mode tasks should be performed with all operators outside the safeguargled space;

b) when| reduced-speed“mdnual mode tasks are performed within the safeguarded space, theg operator
causipg movements'shall be provided with a teach pendant and any other operators shall be| provided
with h 3P enabling'device;

¢) high-ppeed manual mode shall only be used when all operators are outside the safeguarded space;

d) high-ppeed manual mode shall only be used for the purpose of program verification;

Instructions shall be provided about how to use the manual mode (e.g. reduced-speed, high-speed).
Information shall be provided about the residual risks associated with these modes.

7.5.18 Enabling devices

Enabling device information shall include a description of the operation of each enabling device and intended
functionality if multiple enabling devices shall be used.
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7.5.19 Vibration

If the robot application uses hand-guided control (5.14.4), the instructions shall contain the following
information concerning vibrations transmitted:

a) the vibration total value, according to ISO 20643:2005, to which the hand-arm system is subjected, if it
exceeds 2,5 m/s?;

b) ifthe

vibration total value does not exceed 2,5 m/s?, this shall be stated;

¢) theuncertainty of measurement if the vibration total value is described.

d-effector(s)

7.5.20 E
The instr
a) thein
b) if the

how 1

kinet
c) ifthe

the e

d) recon
a wor

e) how
the aj

f) wors

NOTE

7.5.21 M

The instr
unload st

Examples

ictions for use, associated with end-effectors, shall include the following information:
tended life of end-effectors, based on expected parameters in normal operation;

end-effectors have movable parts or points where parts of the human body could bg
o escape from this situation, both with and without power (e.g. electricaly pneumatic,

c);

end-effectors are designed to contact or be touched by operator(s)during intended oper
kpected frequency of contact for which it is designed;

hmendations on how to restart after a stop if special actiorsyare needed for the end-effeq
kpiece is to be removed manually, a separate controller h¢eds to be restarted);

nuch can be changed or adjusted (e.g. gripper positiohing and/or workpiece) without
pplication limits for the use of the end-effector;

case pressures and forces for inherently safegrippers.

See Annex I for information about end-effectors.

anual load/ unload stations

uctions for use shall contain the information required for the correct use of the mar
htion. Residual risk informdtion and warnings shall be provided to the user.

of symbols used for safety signs include:

— 1o climbing, see ISO 7010:2019-P009;

— Do stq

NOTE
and relate

e pping on surface, see [SO 7010:2019-P019.

The ISO<Z000 database (available from: https://www.iso.org/obp) contains graphical symbol
1 uses. Seealso ISO 3864-1:2011 and ISO 3868-4.

7.5.22 C

trapped,
hydraulic,

ation and

tor (e.g. if

bxceeding

ual load/

5 for signs

pHaborative applications

7.5.22.1

General

The instructions for use, associated with collaborative applications, shall additionally include the following:

a) theri

sk reduction measures implemented according to 5.14.1;

b) If any safety functions are used to reduce risks (e.g. speed limiting), the safety functions shall be
described and the limit settings shall be documented.
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7.5.22.2 SSM applications

The instructions for use, associated with SSM applications, shall include the following information in
addition to that which is required in 7.5.22.1:

a) the maximum number of people protected by the protective device shall be stated;

b) if stopping performance is not monitored by a safety function, instructions about how to check stopping
performance shall be provided and include instructions to adjust the SSM application if stopping
performance degrades.

NOTE Stopping performance can be monitored by stopping time limiting or stopping distance limiting safety
functions.

7.5.22.3 [Power and force limiting applications

The instryictions for use, associated with PFL applications, shall include the following infofmation ip addition
to that which is required in 7.5.22.1:

a) information specific to the robot, end-effector and workpiece including:

—

ne effective mass of the payload for the robot application (m;);

— the mass per manipulator (M);

—t

he total mass of other moving parts of the application.

NOTE The mass per manipulator (M) is required to beé\ provided with the robot as depcribed in
1SO 10218-1:2025, 7.5.3.

b) anticlpated and reasonably foreseeable contact situations between moving parts of the robot application
and people, including:

—

he specific body area(s) that could be contacted;

— whether the contact is transient or quasi-static;

—t

ne anticipated surface area or geametric conditions associated with the contact surfaces

(=

he biomechanical limit(s) asseciated with the contact.

c) instryictions to confirm safety function settings after a PFL collaborative application is regpaired or
modified and to:

— ealuate if the repair or any modification results in increased risk(s), high pressures or forces, and
— verificationand validation shall be performed that safety-related parameters are set as rgquired.

NOTE See Aritrex N.

7.5.23 Cybersecurity

Information shall be provided regarding any implemented cybersecurity features and methodologies to
enable the user to implement measures such as firewalls, creation of a recovery plan and implementation
of a continuous lifecycle approach (e.g. review of security risk assessment in light of new threats and
vulnerabilities and to implement required software patches).
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Annex A
(informative)

List of significant hazards

Table A.1 provides a list of significant hazards for robot applications.

Table A.1 — List of significant hazards

Table A.1 shbel
Example of hazards oclause
No. | Type or group P reference
Origin Potential consequences
1 |Me¢hanical — inappropriate selection of — crushing Clause 4,
5.2,
— robot, robot safety functions — shearing 53
— end-effector, end-effector safety|— cutting orzsevering 5.4,
functions 5.5,
— entanglement 56
— applicationmachines, components o ' 5'7'
and equipment and their safety|— dfawing-in or trapping =
functions 4 5.8,
-\, Impact 5.9,
— robot application components, ) 5.10,
equipment and task programs —  stabbing or puncture 512
— end-effector design not suitablefor | — friction, abrasion 5.14,
the workpiece variability —  high-pressure fluid /gas 5.15
— unintended or intended:thdvements Injection or ejection 5.16,
(linear or rotational oi-a combination finnex B,
of the two due to singularity) of Annex C
tih rob Table C.2,
— any partof the robot arm \ D
(including'back), end-effector, ;L\nnex F
workpiece, component machines nnex r,
or associated parts of robot cell Annex [,
Annex |,
—Zadditional axis (including Annex K
end-effector tool at servicing Annex M
position) |
— jigs or fixtures
— sharp tool on end-effector
or of additional axes, part
being handled, and associated
equipment
— machines or robot cell
components during handling
operations
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Table A.1 (continued)
Table A.1 Subcl
Example of hazards ubclause
Type or group xamp z reference
Origin Potential consequences
— caught between
— robotarm and any fixed object
— end-effector and robot
manipulator, workpieces fixtures
or other objects in robot cell
— end-effector or workpiece and any
fixed object (guard, beam, etc.)
— axis and any fixed object
— fixtures, shuttles, utilities
Meg¢hanical — unintended activation of an end-|— crushing Clause 4,
continued effector or associated equipment _ 5.2,
(including additional axes, process|— shearing 53
specific for grinding wheels, etc.) _ _ -
— cuttingorsevering 5.4,
— materials and products falling or 5.5,
ejection — entanglement 5.6,
— falling into fixtures or shuttles —_drawing-in or trapping : 8’
— end-effector failure (separation) <= Impact 5.9,
— end-effector wear — stabbing or puncture
— graspfailure, notgrasping, ordropping| — friction, abrasion
of the workpiece
— ejected or falling workpiéeces or parts 5.10,
of the end-effector: 5.12,
— unintended release of end-effector, 5.14,
tool, workpiece or fixture 5.15,
5.16,
— uninterided or unexpected release Annex B,
of workpiece failure in mechanical hnnex ¢
infenface adapter or end-effector ,] ble C.2
exchange (tool changing) system A tes,
Annex D
<= not exiting robot cell (via interlocked
guard or guarding) for a trapped
operator in automatic mode
— no means of preventing restart for a Annex F,
trapped operator in automatic mode Annex I,
— unexpected release of hazardous Annex .
stored energy Annex K,
Annex M
— cablerelated issues (e.g. snags, breaks,
whipping)
— broken sensors
— high-pressure fluid/gas injection or
ejection
— loose clothing, long hair
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Table A.1 (continued)
Table A.1 Subcl
Example of hazards ubclause
No. | Type or group xamp z reference
Origin Potential consequences
2 |Electrical haz- contact with live parts or connections|— electrocution 4.1,4.2,
ards (electrical cabinet, terminal boxes, 4.3,5.2.10,
control panels at machine) — shock 5.2.12.1,
5.2.12.2,
confusion of various voltages within|— burn 5213
a system, electrical cabinet and 5.5.1
terminals, e.g. drive power, control 5.7.8.2,
power (?4 Vversns 110 V) 59.1
contact with discrete components in £15.3
the e_lectrlcal (electronic) circuitry, Table C.2,
capacitors I
L1.1,
exposure to arc flash 1.3
process using high voltage or high
frequency, e.g. electrostatic painting,
inductive heating
welding applications using high
voltage
projection of molten particles
3 |Théermal haz- hot surfaces associated with the{~" burn (hot or cold) 41,4.2,4.3,
ardls end-effector, or associated equipment S 5.2.6,
or work piece (e.g. welding torches;hot|— radiation injury 5.2.12,
materials in forging presses, injéction . . 54.4,5.5.2,
moulding, grinding and de-bugring) |— injury due to explosion (e.g.| “|"g .
combination of burn and T
cold surfaces or objegts) (cryogenic mechanical injury) S
able C.2
processes)
temperature  éxtremes required
to support, the process [molten
materials; oyens for cooking or heating
(autoclaves); freezer or chillers, etc.]
flammable materials (inside dust
collector systems, cleaning tanks,
sealant applicators)
projection of molten particles
4 |Noise hazards specific applications which are sources|— loss of hearing Npise is ex-
of high noise (e.g. a water jet cutter, clfided from
stamping presses, pumps and valving,|— loss of balance thle scope of
metal removing operations) this docu-
— loss of awareness ment
noise level preventing hearing disorientation
or understanding audible danger )
warning signals, including inability of|— any other (e.g. mechanical)
operators to coordinate their actions because of ambient conditions
through normal conversation or distraction
5 |Vibration haz- direct contact with the source — fatigue 4.1,4.2,4.3,
ards Table C.2

loosening of connections, fasteners

misalignment of components or parts

neurological damage
vascular disorder

impact
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Table A.1 (continued)
Table A.1 Subcl
ubclause
No. | Type or group Example of hazards reference
Origin Potential consequences
6 |Radiation haz- EMF interference @ with proper|— burn 4.1,4.2,
ards operation of the robot application 4.3,5.5.10,
— damage to eyes and skin 58.6.1
exposed to process-related radiation, 5.11,1.2.2
e.g. arc welding, laser. — related illnesses
7 |Material/ sub- contact with components covered in|— sensitization 4.1,4.2,
stance hazards harmful fluids 4.3,5.2.2,
fire 512.4, 5.8.1,
failures of mechanical and electrical 5.8.6.1
Components — chemical burn "able C.2
corrosive fumes and dust — inhalation illnesses
— any other (e.g. mechanical)
because of failune-of
components due.to hazardous
or corrosive stibstances
8 |Ergonomic inappropriate selection of robot, robot|— unhealthy postures or 4], 4.2,4.3,
hazards features, robot safety functions excessive effort leading to 5/4.1,5.4.3,
injdpry in the short term (e.g. N 5.4.4,
poorly designed teach pendant, HMI sprained wrist or shoulder) 58.6.
touch screen or operator panel (too 5.12.2.1,
far or high) — unhealthy postures or 5.14.4.1,
. ' ' excessive effort leading to E 14.4.2
poorly designed loading/unloading repetitive strain injury over E 14.6 1’
post (e.g. long distance between the long term (e.g. carpal e
components box location and loading/ tunnel syndrome, or similar Table C.2,
unloading area) long-term damage to tendons, l.2.1,].2.10
) ) ) joints, nerves)
poorly designed enabling.devices
. . . — fatigue
inappropriate locatiod or
identification of controls (e.g. hard to
reach)
inapproptiate location of components
that require access (troubleshooting,
repair,adjustment)
obscured hazards, inadequate or
blocked local lighting
9 |Hazards as- installations in earthquake zones — burn 4.1, 4.2,
socjated with 5.2,5.3,
environment electromagnetic  interference  or|— disease orillness 54, 5.8.6.1
in which the surges in energy source 5.15.2,
m;?{hine is — slipping, falling Fable C.2
used Meistare S

temperature

respiratory damage
impact

any other consequence of
combinations of hazards and
hazardous situations
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Table A.1 (continued)
Table A.1
No. | Type or group Example of hazards ig?ec::::‘f:
Origin Potential consequences
10 |Combinations inappropriate selection of robot, robot|— any other consequence of 4.1,4.2,4.3
of hazards features, robot safety functions combinations of hazardsand |5.1,5.2 5.3,
hazardous situations 5.4,5.5,5.6,
robot application directed to start 5758 59
by one operator, but this action is not 510 511,
expected by another operator 512 514,
hazards encountered due to multiple 2.15,5.16,
failures/situations Annex B,
Annex C,
misidentification of actual problem Annex D
and compound problem by making Annex |
incorrect or unnecessary actions Annex '
action increases severity of harm, e.g.
in avoiding a sharp edge, contact is
made with a hot surface instead
unintended release of holding devices
allowing motion under residual
forces (inertia, gravity, spring/energy
storage means)
failure of a safeguarding device to
function as expected
Table A.2 [provides a list of significant hazards for end-effeetors used in robot applications.
Table A.2 — List of significant hazards by the functions of end-effector
Table A.2
N ¥ . Exaniple of hazards associated with the functions of Sulbclause
0. unction Type end-effectors refference
Hazard origin Potential consequences
1 |General (General) ~— sharp edge — abrasion, irritation 5.2.1,
3.2.2.4,

— poor alignment with |— laceration 1 544

mechanical interface —
— shearing 5.9,

— unintended or _ 5.9.3,5.9.4,
uncontrolled release |— stabbing 5.9.5,5.9.6,
of detachable tool(s -

©) — puncture/penetration p:-14.1,

5114.4.2,

— amputation/severing Cl2.1.2.2,
Annex |

— entanglement

— Dbruise

— bone break

— crush
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Table A.2 (continued)

Table A.2

N F . Example of hazards associated with the functions of Subclause
0. unction Type end-effectors reference
Hazard origin Potential consequences
2 |Gripping (General) workpiece (gravity) bruise 5.4.3,5.44,
5.9,
excessive gripping bone break
forces 59.1,594,
crush C.2.1.2.2
Annex|
[11,1.3,1.3.2,
14
Mechanical grasping structure bruise 5.9.1,5.94,
grippers 111,112,
bone break
14
crush
Vacuum grip- loss of workpiece abrasion 5.2.8,
pers 1 i 591,
aceration 111113
crushing 14
Magnet grip- EMF thefmal effects 111,114
pers (electromagnetic
fields) stimulation of muscles,
nerves, or sensory organs
effect on implanted medical
devices
Pin grippers penetration.ofbody stabbing 1.1.2
part
puncture
3 |Wdlding Spot welding welding current electric shock/burn 1.2.2,
gun . 1.2.3
welding spatter burn
high temperature burn
EMEF (electro- effect on implanted medical
magnetic fields) devices
Arc welding welding current electric shock 1.2.2,
gun i ) ) ) 1.2.3
arc light (UV) lightning ophthalmia
high temperature burn
EMF effect on implanted medical
(electromagnetic devices
field c)
breathing difficulties,
fumes irritation, poisoning
Laser welding laser beam (direct, burn, loss of sight 5.11,
gun reflection) 1.2.2
breathing difficulties, 123

fumes, gasses

high temperature

irritation, poisoning

© IS0 2025 - All rights reserved

88



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table A.2 (continued)

Table A.2

. Example of hazards associated with the functions of Subclause
No. Function Type end-effectors reference
Hazard origin Potential consequences
Ultrasonic ultrasonic hearing damage 1.2.2,
welding gun 1.2.3
tinnitus
nausea
dizziness
headache
fatigue
4 |Painting General painting material in accordance with a safety 5.2.4,
data sheet of the material 1.2.2
Static spray static electric shock, ignition 5.2.4,
gun source 1.2.2
Non-static material application eye damage;loss of sight 5.2.4,
spray gun to body 1.2.2
breathing difficulties,
irpitation, poisoning
Application sharp end- effector irritation of skin L2,
(glue, sealer) or grasped tool M.3.3
stabbing
adhesive or sealant
material penetration
in accordance with a safety
data sheet of the material
5 |Cufting, drill- [Mechanical saw blade; drill irritation, 5.2.1,
ing 1 . 5.4.4,
aceration, 543 504,
severing, b.14.2,
1.2
entanglement
Plasma torch plasma burn, loss of sight 5.2.1,
5.9.2
fumes, gasses breathing difficulties
high temperature respiratory irritation
poisoning
burn
Laser laser beam burn 5.11,
[.2.2
fumes, gasses loss of sight
high temperature breathing difficulties
respiratory irritation
poisoning
Water jet high pressure water penetration 1.2.2
necrosis
infection
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Table A.2 (continued)

Table A.2
N F . Example of hazards associated with the functions of Subclause
0. unction Type end-effectors reference
Hazard origin Potential consequences
6 |Polishing Polish end- rotating end- abrasion, irritation 5.9,
effector or effector or grasped _ 1.2.2
grasped tool tool severing
entanglement
Ink jet nozzle penetration L2,
[ M.3.3
7 Sering Mechanical (e.g. needle penetration 5.2.1,
drill, needle) 5.4.4
59.3,5.9.4,
5.14.2,
L2,
M.3.3
8 |Marking Ink jet nozzle penetration L2
Laser laser beam burn 5.11,
. 1.2.2
fumes, gasses loss‘ef sight
high temperature breathing difficulties
respiratory irritation
poisoning
9 |Sciewing Screwdriver rotating grasped abrasion, irritation L2
screwdriver:
puncture
severing
entanglement
10 |Behding (General) contact area crush 5.9.1,5.9.2,
5.9.4,
penetration 1.2
14
11 |Lifting (Genetal) workpiece (gravity) bruise 5.4.3,5.44,
59.1,594,
crush 1.2
12 |Ingpecting Laser laser beam loss of sight 5.11,
1.2.2
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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.

Key
maxirhum space

manipulator

restrifted space end-effector

1
2
3  operafing space
4 safegaIardedspace

workpiece

o O w >

protective device (safety laser scanner showjn)

NOTE1 |[The maximum space is greater or equal to the restricted space and the restricted space is greatpr or equal
to the opefating space.

NOTE 2 |This figure shows concepts without dimensions, and it is not shown to scale. The detection z¢ne border
could be closer tothetestricted space.

Figure B.1 — Spaces

Figure B.2 shows the spaces associated with a robot, where there is no end-effector and no workpiece. See
ISO 10218-1:2025, Annex B, Figure B.2.
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7 o
1  maxirhum space . A manipulator
2 restrifted space @
3  operating space OO
Figure B.2 —%®ces of a robot (without end-effector and without workpiece)
Figure BB shows t aces associated with a robot system (robot and end-effector) plus ghowing a
workpiecg witho ference to a specific application.

?\
5
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\\\\\"‘\
|

0 >
1  maxirthum space . A manipulator
2 restrifted space @ B  end-effector
3  operating space OO C  workpiece
Fig@ B.3 — Spaces of a robot system plus a workpiece
Figure B.4 shows th ces associated with the moving parts of the robot application, with an en
and workpiece, withpout reference to a specific application.

v
5

l-effector
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\\\\" N

Ke :
y O®

1  maxirthum space A manipulator
2 restrifted space OO B end-effector
3 oper::[ing space & C  workpiece
4  safeggarded space O%
O?l’gure B.4 — Spaces of the moving parts of a robot application
Figure BJ5 s the spaces associated with a robot application, which is an example of perimeter
safeguarding used as a boundary of the safeguarded space. Figure B.5 does not show other ts of the

application.

A safeguarded space can be implemented by combinations of guards and protective devices. The space
between the restricted space and the guards illustrates distances for guard opening and/or clearance.
Minimum distances for SPE, according to ISO 13855:2010, extend the safeguarded space beyond the
restricted and maximum spaces to access to the hazard(s). Guards shown on the right side could be part of
adjacent machinery.
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B

Key

1 maximum space

restri
operd
safeg

Figure ]

cted space
ting space
ilarded space

A perimeter safeguarding as a part of the bound
safeguarded space (SPE not shown - see B)

B border of SPE detection zone (SPE not shown)

B.5 —~Spaces of a robot application (includes end-effector and workpiece) with saf¢

ary of the

bouards

Figure B.6 shows the spaces associated with a robot application, which is an example of a coll
application where contacts from the moving parts of the robot application to the operator can occur inside
the restricted space. In Figure B.6, the safeguarded space is greater than the restricted space due to the
separation distance required by the protective devices (e.g. limiting devices, SPE) for either:

— intrusion detection and stopping.; or

aborative

— reduction of speed (i.e. speed limiting safety function according to 5.5) and possibly for another safety
function to become effective, so that contact events will be within acceptable biomechanical limits.
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1  maximum space O® 4  safeguarded space

2 restricted space O A operator in a collaborative application where
O . permitted

3 operdting space %\

NOTE

effector an

Figure B.6 @ces of a robot application depicting a PFL collaborative application where|
from the robot application to the operator is permitted

ISO 10218-2:2025(en)
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e Annex M for guidance on threshold limits.

contact is

An operato§s shown, inside the safeguarded space and the restricted space, approaching the end-

contact
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Annex C
(normative)

Safety function performance requirements

C.1 Determining safety function performance level

Table C.1 —The listed
safety functions may be provided with the robot, the integration of the robot application/ repot cell, or a
combinatjon.
For functjonal safety requirements (e.g. PL and architecture, SIL and hardware fault tolerance), seg 5.5.3.
NOTE There can be some exceptional cases with application risks requiring PLe or SIL(3 safety functiops.
Table C.1 — Safety functions
Mandatory, efault
conditional | Safety func- | Possible triggering lf’lteg,u'ied result' . functional
Clause . unless’“OR” is stated within a
or tion name event ifen)aroun. ALL are required safdty PL,. or
optional 2 4 group, q reqyired SIL
Robot application After power is restored, the
. exceeds movement Co
position tolerance after drive robot application does not
5.2.8 Conditional holding : : move until there is a deliber- | PL d or SIL 2
oo power is removed while .
monitoring N ate manual action to reset or
the robot application is
acknowledge
stopped
position | Additiondlaxis exceeds | After power is restored, the
holding movement tolerance auxiliary axis does not move
5.2.9 Conditional | monitoring after drive poweris | until there is a deliberate man- | PL d or SIL 2
of additional | remioved while the axis | ual action to reset or acknowl-
axis is stopped edge
Exceed the speed limit |— Stop category 0 or 1 (5.5.4)
additional | Continuous monitoring
. axis{axes) | until reaching the point |— Preventexceedingthe limit
5.2.9 Conditional speed(mon)i- where a reaction is by slowing or stopping| PLdor SIL2
toring initiated so that the con- (protective stop) before
figured limit will not be the limit is exceeded
exceeded
Protective stop (5.6.3).
Aresetis required if the pro-
Exceed the limit tective stop is a stop category
2 according to IEC 60204-
5.4.7.3 Conditional |axis limiting 1:2016+AMD1:2021. PL d or SIL 2
Reach the point where
a stop is initiated so :
that the limit will not be Protective stop (5.6.3)
exceeded
non-me- Exceed the limit — Stop category 0 or 1 (5.5.4)
chanical 5 hat the limi
5.4.7.3 Conditional axis limiting qlslure tb atthe lémcic — Preventexceedingthelimit| py, q or SIL 2
o including soft-| W1 not be exceede by slowing or stopping
ware-based (e.g. (.ie.crease speed, (protective stop)
limiting initiate a stop)
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Table C.1 (continued)

Mandatory, Intended result default
conditional | Safety func- | Possible triggering aAp L functional
Clause . unless “OR” is stated within a
or tion name event iven aroun. ALL are required safety PL, or
optional 2 9 group, 4 required SIL
Optional — Axis limiting according to
switching of dvnamic Safety-related input to 5.4.7.3
5.4.7.4 axis limiting liymitin switch active axis lim- PL d or SIL 2
(5.4.7.3) set- g it(s) (5.4.7.3) — Only 1 set of axis limits
tings shall be active at a time
— Speedshallbelimitedtothe
reduced-speed parameter
5.5.6.1 Mandatory duce(lfs eed Activating manual mode for the application, which| Pl~d or SIL 2
p shall be no greater than
250 mm/s
Optional Exceed t}lli(ir;:i(t)nflgured — Stop category 0 or 1(5:5°4)
Manda- . o
tory for . Continuous monitoring
5.5.6.2 Hand-guid- moni- until reaching the point [— Prevent e_xceedingthelir_nit PL d or SIL 2
59.4d ed robot tored-speed | here a stop shall be by slowing)or stopping
applications initiated so that the con- (protective stop) before
(5.14.4) figured limit will not be the limit is exceeded
— exceeded
— Mbovements, operation
and potentially hazardous
When in manual mode functions are prevented
the p(;)weg N interl;lupt- This condition is
ed and restora maintained until a specific
local control device is
Start/re- actuated
5.5.7.1 Mandatory start inter- J— Movements) Operation PL d or SIL 2
lock Afteichange in mode and potentially hazardous
or functions are prevented;
when in manual mode and
?ft.e.r a %rgtectlve St(l))lf 15 this condition is
Initiated by alfly enabie maintained until a specific
protective function local control device is
actuated
?*Ez(;gtt}iligtrizg;;rssg — Operation can resume
5.5.7.2 Mandatory. reset ’ y after a separate deliberate| PL b or SIL 1
safeguard or safety action
function
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Table C.1 (continued)

Mandatory, Intended result default
conditional | Safety func- | Possible triggering g e functional
Clause . unless “OR” is stated within a
or tion name event iven aroun. ALL are required safety PL, or
optional 2 9 group, q required SIL
Conditional — Position is monitored and
Mandatory maintained; and
for Moni-
tored posi- — Stop category 0 or 1 (5.5.4)
tion (5.2.8), if position changes.
Simultane- Internal safety function
ous motion triggers
(5.7.9), moni- OR
5.5.8 Hand-guid- tored-stand- Actuation of a protec- Bl.q or SIL 2
ed robot still tive device that is con- The monitored standstill
applications nected to the protective | output indicates that the rohot
(5.14.4), stop input application standstill is main-
Hold-to-run tained
(5.14.4),
Power and
force limiting
(5.14.6)
5.6.2 Mandatory emergency | Manual actuation of.an — Cease. all . hazardous PL d or SIL 1
I stop emergency stop device mdchine functions
Actuation of a related
protective device (e.g. |~ “Cease all  hazardous
protective body passes through machine functions
2.6.3 Mandatory stop ESPE, opening an intex- intended to be controlled PLdorSIL 2
locked guard, enabling by the protective device
device)
— Stop motion and hazardous
. functions.
5.6.4 Mandatory | normal stop Manua] f c:uatclion_of a PLBorSIL1
normatstop device Remove energy sources to
all hazards.
— Initiation of a protective
stop;
— Disable automatic mode
and remote control;
manual h facti de |— Activation of reduced-
mode Change of active mode speed and the enabling
5.7.2.3.2 | Mandatory ! to manual mode with . PL ¢ or SIL 2
re- function;
reduced-speed
duced-speed
— Disable manual high-speed
mode;
— Activation of the
GPPI UlJl iatc oafl:ty
functions

© IS0 2025 - All rights reserved

99



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table C.1 (continued)

Mandatory, default
e . . . Intended result .
conditional | Safety func- | Possible triggering “p ; e functional
Clause - unless “OR” is stated within a
or tion name event iven aroun. ALL are required safety PL, or
optional 2 9 group, 4 required SIL
— Initiation of a protective
stop;
— Disable automatic mode
and remote control;
manual Change of active mode | ActleatlonJ Of. momtc‘n:(.ed-
5.7.2.3.3 Optional mode, to manual mode with ;PW“. ST RREEEES T PL d or SIL 2
. . unction;
high-speed high-speed
— Disable manual reduced}
speed mode;
— Activation of; the
appropriate safety
functions
— Protective-stop;
Conditional
Mandatory — Activation of the selected
if thereis a mode and its safety
change in |mode activa-| Activation of the select- functions appropriate for
3.7.2.5 active risk tion ed mode each mode. PLdorSIL2
reduction
with mode = Separate action required
activation for resuming operation
(manual or automatic)
5.7.5 Conditional single-point- | Selection of active point |— Sha_ll respond only to the PLa
= of-control of control active point of control
In manualmode, releas-
5.7.7 Conditional enabl-l ng | ing/ gompression ofthe | Protective stop PL d or SIL 2
function enabling device from
the centre position
L simultane-
%g:i;:f&al ous motion | Selection ofrobotsto |— Only robots in the same
5.79 for simulta)-, - restriction | be under simultaneous mode can be selected for| PLd or SIL 2
neous motion of robot motion simultaneous motion
s€election
Conditional refstrlctlon lecti frob — Any robot not selected
Mandatory | ©' non-se Selection of robots to shall be either powered
5.7.9 : lected be under simultaneous . . PL d or SIL 2
for simiuilta- : off or in a monitored-
; robot(s) motion .
neous,motion . standstill
motion
Robot pose/ end-effec-
tor position is notin the | — Prevent the intended
5.9.1 d) Conditional end-effector | correct position for the operation of the end- PL corSIL 1

position ¢

intended operation of
the end-effector (e.g.
open, close, on, off)

effector (e.g. open, close,
on, off)
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Table C.1 (continued)

Mandatory, Intended result default
conditional | Safety func- | Possible triggering g e functional
Clause . unless “OR” is stated within a
or tion name event iven aroun. ALL are required safety PL, or
optional 2 9 group, q required SIL
— Protective stop (e.g. low
gripping force could result
in loss of workpiece); and/
59.1d end-effector | . . . . . or
5.9.1d) Optional gripping Grlpfpmtg force lstoutSIde PLcorSIL1
5.9.4¢) force ¢ of setparameter(s) | _ poverse of the closing
movement (e.g. when high
gripping force could Tesuit
in injury)
release of .
5.9.1j) . detachable Deta}chable tool notin | prevent release of i
Optional . designated location/ PL ¢ or SIL1
5.9.6 tool moni- " detachable tool
B R condition
toring
One of the following:
_ end-effector | Applied force is outside | _  protectivestop requiring a
5.9.4 a) Optional | forcesens- | ofsetparameters for reset (5.542); PL¢orSIL1
ing¢ the end-effector
— Stop Category O or 1 (5.5.4)
end-effector | End-effector pose/ po- |— ®Prevent the intended
5.9.4 b) Optional | orientation | sition is notin intended operation of the end-| PL¢orSIL1
monitoring ¢ orientation effector
activate (by inputs or
5.9.4 b) Optional of.lel?t?tl()cn 1ntgrnall_y trlgggr.ed) — Restrict orientation of the PL ¢ or SIL 1
— imiting orientation limiting end-effector or wrist
safety funetion
end-effector | Personis contacted or |— Protective stop,
5.9.4 €) Optional presence | within a«detection zone reset could be required| PL¢orSIL1
sensing ¢ | around-the end-effector (5.5.7.2)
correct Connection of incorrect |— Protective stop requiring a
5.9.6 Conditional | end-effector PL¢orSIL1
end-effector reset (5.5.7.2)
selected ¢
carrier ;
h .
5.10.2 Conditional | guard 'inter- Openn?g the guard(s); | Prevent carrier movement | PL d or SIL 2
: Unlocking the guard(s)
locking
carrier Prevent unlocking of the
5.10.2 Conditional{~“movement | Movement of the carrier § PL ¢ or SIL 2
. . guard(s)
interlocking
carrier in- — Movement of carrier only
N tended stop | Carrier stops at unin- by wuse of hold-to-run
5.10.4 Cgnditional position tended position control device to get to the PLd orSIL2
monitoring intended position
Comnditiomal
Mandatory
for — Monitored standstill,
5.14.4.1¢€) | Hand-guid- | hold-to-run | Release of the hold-to- unless PFL or SSM provide| PL ¢ or SIL 1
run device . !
ed robot acceptable risk reduction
applications
(5.14.4)
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Table C.1 (continued)

Mandatory, default
e . . . Intended result .
a conditional | Safety func- | Possible triggering “p ; e functional
ause or tion name event unless “OR” is stated within a safety PL, or
. . .
optional @ given group, ALL are required required SIL
Stop category O or 1
. OR
Cl?;:llll;;otz?l o Protective stop (5.4.3). Areset
v for SSM Exceed the limit. is required if the protec-
5.4.7 a y lications soft- tive stop is a stop category
S1152 tﬁpt opend | ware-based 2 according to IEC 60204- | PLd or SIL 2
: or?mrilfr?g limiting 1:2016+AMD1:2021
the range of Monitor to ensure that | Prevent the robot application
motion the limit will not be from exceeding the set limit. A
exceeded (e.g. decrease |stop can be initiated so that the
speed, initiate a stop) limit will not be exceeded.
Distance between any
human relative to mov-
ing parts lessens to the | Stop category,Jor (5.5.4)
separation distance
One or morée ef the following:
— Chan@ge’ robot application
Conditional | speed and ;gfgd (e.g. down to speed
Mandatory | separation
5.14.5 for SSM robot| monitoring ) ) " Ch d PLdorSIL 2
applications (SSM) Monitors the relative ange pose(s) and/or
distances and maintains trajectory of the robot
the separation distarice application to maintain
the minimum separation
distance;
— Initiate a protective stop
such that the separation
distance is maintained
Fotce exceeds limit(s)
set for contact events Stop category 0 or 1 (5.5.4) PL d or SIL 2
One or more of the following:
— Protective Stop.
Conditional d — Stop the robot system,
5.14.6 Mandatory. E) (I)"(/:v:fi;nit- move to a position where
14, for PFL applic| " or (PFL) Monitors to prevent the limit is not exceeded,
cations 8 exceeding limit(s) then initiate a monitored-
standstill.
— Stop the robot system,
hold position, then robot
automatically goes into a
force and torque-free state
— Enable safety outputs
528 Robot and/or other (signals configured
Annex0, | Optional | ™Menitored | robotapplication com- position reached); PL d or SIL 2
071 position ponents reach config-

ured position

Monitored-standstill
initiated.
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Table C.1 (continued)

speed, initiate a stop)

Mandatory, Intended result default
conditional | Safety func- | Possible triggering “p ; e functional
Clause or tion name event unless “OR” is stated within a safety PL_or
. . .
optional @ given group, ALL are required required SIL
o — Stop category O or 1
Exceed the limit
7.5.16.3, (5.5.4)
Annex L, | stop- Monitor to ensure that | — Frevent exceeding the q
L.2, Optiona ing time imi ; PL d or SIL 2
Annex O P plimgitin the limit will not be limit k_)y slowing or
Annex o, g exceeded (e.g. decrease stopping (protective stop)
0.7.2 d initiote a st such that the limit is not
speed, initiate a stop) cvconded
e — Stop category O or 1
Exceed the limit
7.5.16.3, (5.5.4)
Annex i, stopping . — Prevent exceeding the
L.2, Optional distance | Monitor to ensure that limit by slowing or PL d or SIL 2
Annex ( limiting the limit will not be : .
[’ exceeded (e.g. decrease stopping (prot.ecfcn_/e stop)
0.7.2 o such that the limitlis not

exceeded

Conditi

a Mandatory: shall be provided
nal: shall be provided if certain conditions are met.
Optionall: not required and can be provided as an option.

C.2 Parameters

When perfforming a comprehensive risk assessment according to Clause 4, the applicable risk pargmeters in
C.2.1 shoyld be used in the risk estimation.

Since not all risk parameters and thresholds in C.2.1 apply to all risk estimation methodologies, the integrator
should onfly use those parameters and thresholds that apply to the methodology used.

C.2.1 Ggeneral

C2.1.1

Elements of risk

According to ISO 12100:2010, the‘risk associated with a particular hazardous situation depends on the

following

a) severjity of harm;

b) probability of occurrence of that harm, which is a function of:

1) HxposuretDhe exposure of person(s) to the hazard;

2) Probability: The likelihood of occurrence of a hazardous event;

3 - | Tl 4+ 1 H 1 1 alaalada 4 PR | 1. el 1
VUIUAIILT, TIIT TTUIIIIIC AT d1TU TTUTIIAIT JUSSTUTIIUITS TU dAVUIU UT TIIIL UIIT IId T IIT.

For the application of this annex, the parameters and ranges should be considered for each identified

hazardous situation or hazardous event
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C.2.1.2 Severity of the harm

C2.1.2.1

S1 MINOR:

S2 MODERATE:

Ranges for the estimation of the severity of the harm

Negligible injury which does not require any treatment or only treatment that is limited

to simple and normally available first aid methods and equipment and not necessarily

with the help of trained personnel.

trained personnel.

Injuries which can be treated on-site using first aid equipment only with the help of

S$3 SERIOUS: Injuries which require treatment by a medical practitioner but do not lead to perma-
nent impairment or injuries which lead to the loss or permanent damage ¢f parts of
the human body (but not total loss) with reversible medical condition.

S4 CATASTROPHIC: Injuries which lead to the

NOTE
severity.

C.2.1.2.2
Table C.2

— death of one or more persons; or

— injuries which require treatment by a medical practitioner in a hospit
lead to at least one of the following:

— apermanent impairment;
— loss of parts of the body, limbs, or senses/abilities;
— significant disfiguring injury to:the face.

It is possible to combine severity ranges into 2 or 3 rafiges for methodologies that only use 2 or

Parameters for injury severity

shows the parameters that should be applied for the estimation of injury severity.

] and can

3 levels of
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C.2.1.3 Exposure to hazard

C.2.1.3.1

Determination of range of exposure

One of the two following methods should be used to determine the exposure to the hazard:

a) Where the exposure is determined by estimation without frequency and duration exposure parameters,

accor

ding to C.2.1.3.2; or

b) When considering frequency and duration exposure parameters, use either:

— Range determination according to C.2.1.3.3 (Table C.3); or

— R
[0

C.2.1.3.2

The expo
the hazar

— E1

— E2

C.2.1.3.3
Where th

ange determination for risk estimation methods without exposure parameters acc
2.1.3.4.

Ranges of the exposure to hazard

bure to the hazard results from the combination of the frequency, the duration of the ex

prding to

posure to

d and the number of persons which can be affected. The following ranges-should be applied

LOW The exposure is seldom and the accumulated duration is‘short (< 1/20 of the toftal opera-

tional time)

HIGH The exposure is often, or the accumulated duratighis long

Type of interaction and exposure parameters

e risk estimation method uses parameters for the'determination of the Exposure, Table

be applied for the intended interaction of the operator(s),

— GroI A Occasional, not cyclic or regular intéraction.

— Gro

[.3 should

B Cyclic interaction while the machine is operating (e.g. for loading or unloading),ljyr regular
g

interaction (e.g. cleaning, tool changing, etc.) but while the machine is not operati

— Group C Constant interaction required during machine operation.

Table C.3.—Examples for determining exposure parameters

Ele_me of Application Application Application Group
risk af- h . . .. : .
cording to Parameter| Group A: se_ldom inter- |Group B: cycllc inter-| C: consta_nt inter- Range
150121002010 action action action
2 2 2
F<—— —<F<— Not applicable Low
48h 48h  8h bp
I D ot b ral in] 2 Lo 20 Dlade 1. 1.1 i ed' m
rrcyguciic I\CTITIT tU Ul UU D ™7 — I INUUL d IIC4duIT 1V mu
q Yy P 8h 8h PP
20 20
Refer to Group B = —<F —<F High
8h 8h
Maximum . .
1 h total per week T < 1 min Not applicable Short
ionl
Exposure Duration Refer to Group B —» 1 min< T <3 min Not applicable Medium
Refer to Group B — T > 3 min T > 3 min Long
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Table C.3 (continued)

Element of
risk ac-
cording to
1S012100:2010

Application Application Application Group

action action action

Parameter | Group A: seldom inter- |Group B: cyclic inter-| C: constantinter- Range

Number

Certain persons are exposed but are not related to any specific task Some

of persons One person exposed

One

exposed

More than one person exposed More than 1

C.2.1.3.4

Range determination for risk estimation methods without exposure parameters

Where thg risk estimation method applied does not consider separately the frequency and durat
exposurefas well as the number of persons exposed, Formula C.1 may be applied:

E=F

where

O Tm M

=

For the fo

E > 144 min/48 h; or

F>4
Other

NOTE
time, for a

C.2.1.3.5

C.2.1.3.5.

5 the resulting exposure value in min/48 h

if the frequency of the number of exposures in a 48 h period

ip the duration of each single exposure (in minutes)

i a factor for the number of persons exposed:

N.=Nx0,2 where N-persons are exposed but aréhot related to any specific task;
N.=1 where one person is exposed te-the hazard;

N.=N where N-persons are expased.

D x N,

r

lowing values, the exposure shouldbe considered as high (E2):

h.
wise, the exposure niay-be considered as low (E1).

According to ISO713849-1:2023, Annex A, A.3.2: 144 m per 48 h corresponds to 1/20 of the d
maximum of 48h)(8 h shifts in 6 days).

Probability of occurrence

1 “Ranges of the probability of occurrence

ion of the

c.1)

perational

The probability of occurrence can be due to, but not limited to the following:

— mach

— jams;

ine malfunctions (including the control system);

— properties of the processed materials; or

— inappropriate human behaviour.

For the probability of occurrence, the following ranges should be applied;

© IS0 2025 - All rights reserved
114


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

01 LOW: Hazardous events, which lead to the assumed harm (injury), are seldom and are not
foreseeable.

02 MEDIUM: Hazardous events, which lead to the assumed harm (injury), are seldom, but foreseeable.

03 HIGH: Hazardous events, which lead to the assumed harm (injury) are expected to occur.

C.2.1.3.5.2 Determination of range of probability of occurrence

The following parameters should be used in determining the probability of occurrence:

a) system robustness;

b) incidg
c) likeli

ent history; and

hood of assumed harm/damage occurring during the event.

Dependinig on the availability of accurate and statistically reliable data about parafi€ters a) through c),

the probg

or a hazardous event may be estimated if reliable and confident data are available (see ISO 12

bility of occurrence is determined. The probability of the occurrence ofi a-hazardous

Where the robot application risks comparison to those of similar maechinery is possible

See IS0 12100:2010, 5.2 for further guidance about the reliabilityof data.

the applied risk estimation method considers parameters for probability of occurt
ate and statistically reliable data are available for all.the parameters (system robustnes
'y and harm/damage likelihood), the probability of occurrence may be determined, acq
3.3 (Table C.4);

5.5.2.3.2)
to ISO 12
reliable.
NOTE
— Wher
accui]
histo
C.21
— Wher
accui]
(syst¢
be de
— Wher
parar
occul
C.2.1.3.5.
The occu
Table C.4
reliable d
should be

the applied risk estimation method considers parameters for probability of occurt
ate and statistically reliable data is not available or not known for one (1) of the p:
bm robustness, incident history and harir/damage likelihood), the probability of occurrer
termined according to C.2.1.3.5.3 (Table C.5);

heters (system robustness, incident history, and harm/damage likelihood), the proh
rence should be consideréed)as High (03).

3 Parameters for-the probability of occurrence

f'rence of a hazardous event influences the probability of occurrence of harm. The
should be usedWwhen estimating the occurrence of a hazardous event and there are con
hta for the.parameters. For the estimation of the probability of occurrence, Table C.4 and

situation
100:2010,
hccording

100:2010, 5.6.3, data of the similar machinery can be applied pfeyided data are conffident and

ence and
, incident
ording to

ence and
rameters
ce should

accurate and statistically reliable data is not available or not known for more than ¢ne of the

ability of

factors in
ident and
Table C.5

applied:
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Table C.4 — Examples for determining probability of occurrence parameters

Element of risk according to Parameter Consideration of confident and Range
1S0 12100:2010 reliable data g
System availability
System robust- > or = 95 % of the operation time Not prone to trouble
ness System availability

<95 % of the operation time Prone to trouble

Near 0 % No incident
Probability of Occurrence | yycident history <3 % of running systems Seldom any incidents
> or = 3 % of the running systems Several incidents
<3% Seldom
Halrirl?e{i(li]?)r::ge >3 % to 70 % Pessible
>or=70% Will Happen

C.2.1.3.5.4 Range determination for risk estimation methods

Where the risk estimation method does not consider one of the parameters™(system robustness (SR),
incident History (IH) and harm/damage likelihood (DL)) or where no accuraté.and statistically reljable data
are availgble for one or more of those, Table C.5 should be applied for theJimitation of the range for the
probability of occurrence.

Table C.5 — Limitation of the probability ef occurrence
for missing or unknown data for one (1) parameter

Limitation of probability of occurrence due to lack of confident and reliable data

SR IH DL Lowest allowed probability of occurrenge
1 1 1

01 =Low
0 1 1
1 0 1
1 1 0

02 = Medium

1 0 0
0 1 0
0 0 1

03 = High
0 0 0

KEY
SR Systen} robustness

[H Incident history

DL Harm/damage likelihood

0 = data unjavailable or parameter unknown

1 = data avhilable or parameter known

C.2.1.4 Possibility of avoidance (AP) or limiting of the harm

C.2.1.4.1 Ranges of the possibility of avoidance (AP) or limiting of the harm
For the possibility of avoidance, the following ranges should be applied;

— A1 AVOIDABLE
The conditions that allow the avoidance of harm are almost always present, e.g. as skilled workers, very
slow movements, infrequent intervention, low-complexity processes, and no sudden or unexpected
movements with high acceleration.
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— A2 REASONABLY AVOIDABLE

Some conditions that allow the avoidance of harm are present but not always, e.g. as skilled workers,
slow movements, infrequent intervention, low-complexity processes, and no sudden or unexpected

movements with high acceleration.

— A3 NOT AVOIDABLE
The avoidance is nearly impossible due to the lack of indication or awareness of the hazardous

situation,

e.g. fast hazardous events, insufficient surrounding space for evasion, high complexity processes, and/or

the effect of routine on hazard awareness.

C.2.1.4.2 Determination of range of avoidance or limiting of the harm

— Whe i i i i i i i i —the hazard
percegption (HP), and the possibility of avoidance (AP), the method according to C.2.1.4:3"(Table C.6)
should be used to determine the range for the possibility of avoidance or limiting of the-harm;

— Wher the applied risk estimation method does not consider operator skill / information (0S), the hazard
percdption (HP), or the possibility of avoidance (AP), the method according to C.2.1.4+4 (Table C}7) should
be usgd to determine the range for the possibility of avoidance or limiting of the harm;

C.2.1.4.3| Range determination for methods considering harm avoidanee parameters

The deterjmination of the possibility to avoid the harm should consider the foreseen physical ability of the

operator, fthe speed at which the hazard or the hazardous situation cafiappear, the surrounding sppce which

can imprgve (or hinder) the avoidance of the harm, and other cireum'stances which depend on tHe specific
robot appllication. For the estimation of the possibility of avoidance; Table C.6 should be applied:
Table C.6 — Examples for determining hiarm avoidance parameters
Elemenj of risk
according to Parameter Consideration of confident and reliable data Range
1SO 121p0:2010
Skilled persons who are informed about the risks associat- skilled
] ed with the task
Op(.erator Skl.ll Unskilled persons who are informed about the risks associ- .
and information . Ungskilled
(0S) ated with the task
No operator is required for the task(s).
. . Unmanned
Exposed persons are unskilled or uninformed.
Warnings and signs available and 5
. asy
hazards easy to perceive
Ha#Zapd percep- Warnings and signs NOT available BUT
. hazards are easy to recognize and perceive OR .
tion . : . Pgssible
Hp Warnings and signs available BUT
(HP) hazards are difficult to perceive
No warnings or signs available _AND hazards are difficult to Difficult
perceive
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Table C.6 (continued)

Element of risk
according to Parameter Consideration of confident and reliable data Range
1SO 12100:2010
Possibility to avoid by limiting:
. — Movement speed(s) < 15021 and/or
Harm avoidance S
or limiting of Possible
harmg — Acceleration < 150r2_2m (suddenness);
Clearance for endangered body parts according to
[SO 13854:2017 with a 1,5 multiplier
Possibility to avoid by limiting:
— Movement speed(s) < 2501 and/or
Possibility of mm s Alnjost Pos-
avoidance (AP) — Acceleration < 250—2 (suddenness); sible
S
Clearance for endangered body parts according to
[SO 13854:2017 with a 1,1 multiplier
Movement speed(s) = 250 28 o
S Imppossible

Acceleration > 250@ (suddenness)
S

NOTE
document

C2.1.44

some palElmeters are unknown

See 5.5.1 about safety functions (e.g. acceleration limiting) ‘that can be provided but that not detdiled in this

Range determination for methods not considering harm avoidance parameters orjwhere

Where th risk estimation method does not cornsider the operators skill and information (OS), the hazard
perceptioh (HP) or the possibility of avoidance (AP), Table C.7 should be applied for the limitation of fhe range.

Table C.7 — Limitation of the possibility of avoidance (AP)
or limiting the harm for unknown parameters

Limitation of probability of occurrence due to lack of confident and reliable data

ODperator skills Hazard percep- Possibility to
dnd information tion FHP) p avoid Avoidability
(0s) (AP)
1 1 1
A1 = Avoidable

1 0 1

1 1 0

1 0 0 A2 = Reasonably avoidable
0 1 1

0 0 1

0 1 0 A3 = Not avoidable
0 0 0

0 = data unavailable or parameter unknown

1 = data available or parameter known

© IS0 2025 - All rights reserved

118


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Annex D
(Informative)

Required safety function information

Safety function information shall be provided in accordance with 7.5.16. Table D.1 is an example format that
can be used to present the information for each safety function. More information may be provided.
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Annex E
(informative)

Example of determination of the PL_ or required SIL

E.1 General
Determin - the risk
estimatiop process using the parameters and thresholds described in Annex C, C.2. For the appli¢ation of the
risk estinjation parameters, different risk assessment processes use different terminology,-fable E.1 shows
a compari]son (not an equivalency) of the terminology used in different risk estimation methedologies.
Table E.1 — Comparison of parameters for risk elements
used in applicable standards and technical reports
Risk elgment ISO 13849-1:2023, | IEC 62061:2021 RIA TR R15.304:2016
according to Annex C Annex A Annex A risk estimatjon
IS0 1210P:2010
. Severity of the . . : . .
Severity of harm Severity of injury Severity Severity of injury
harfn $1,$2, 53, S4 S1,S2 Sel,Se2, Se3, Se4 S1,S2,S3

Exposure to the hazard
EO (Prevented)* |E1, E2
Exposure of Exposure to haz- Frequency and/or Frequency and dura- | x gp (Prevented) is when expo-
person(s) to the ard exposure to hazard tion sure is eliminated, of exposure
hazard E1,E2 F1,F2 Fr2, Fr3, Fr4, Fr5 is controlled by the §RP/CS as
the intended result §f a safety
function
Occurrence of Probability of Notapplicable Probability of hazard- Not applicahle
a hazardous occurrence If comparing, use high- ous event If comparing, use highest
event 01, 02,03 est (03 or Pr3) Pr1, Pr2, Pr3, Pr4, Pr5 (03 or Pr3]
PossibiIty to Eossibility Qf ( Possibility of_av_o?ding _ _
avoid ol limit avo_ldance orlimit~/| hazard or limiting Avoidance Avoidance of the hazard
the harm ing the harm harm Av1, Av3, AvS A1,A2,A3
Al, AZ)A3 P1, P2
There ar¢ many methods and tools available for risk estimation and for the determination of the PL_ or

required

E.2 Emeples

SIL. A few.eXamples are shown in this Annex.

E.2.1 Example 1 - based on ISO 12100:2010

PL,.is estimated from a results of risk estimation described in Annex C, C.2, as shown in Table E.2 below.
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Table E.2 — PL, assignment matrix

Severity Exposure

Occurrence

Avoidance

o
=

=)
w

E1

S1

Al

A2

A3

E2

Al

A2

A3

E1l

S2

E2

T T iy e |c o v v |
.

R

K

0

E1l

4

]
)

S

S3

E2

Ok

f="3 I T I T I Y = I = VI - I - I T - N D VI I -V IO I VI -

2
A

Sl a | a|ag

El

o
iz

<

n-Q‘I

n.n.n.n.n.n.@/mnc-c-mc-mmc-mmmmms

S4

E2

@

PL d and PL e: the archit%ctuy\e'/is according to 5.5.3

Qe | e e

?\
E.2.2 Ekample 2 - based on @)@ 2061

The required SIL is estimate @fn the results of risk estimation using parameters and thresholds fdescribed
in Annex [C, C.2, as shown j le E.3 and Table E.4 below.
Q%ble E.3 — Parameters used to determine required SIL
N
%‘equency and duration of Probability of occur Probability of avoiding
VN exposure (Fr) rence of hazardous or limiting harm (Av)
%& event (Pr)
Fr—t year 2 Ncgligilulc 5 s Li}\cl_y 5 s
2weeks<Fr=1year |3 Rarely 2 Possible 3
24 h < Fr = 2 weeks 4 Possible 3 Impossible 5
lh<Fr=24h 5 Likely 4
Fr=1h 5 Very high 5
The required SIL is calculated by Formula E.1:
Required SIL = (Fr+Pr+Av) (E.1)
EXAMPLE With a Se (Severity) of 3, Fr of 4, Pr of 3 and Av of 5, then the Required SIL would be:
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Required SIL = Fr + Pr+ Av=4 + 5+ 5 =12, which is SIL 2 according to E.4.

Table E.4 — Claim Limit (CL) to SIL assignment matrix

Severity Required SIL = (Fr+Pr+Av)
Consequences
Se 3~4 5~7 8~10 11~13 14~15
Reversible, first aid 1 SIL1
Reversible, medical attention 2 SIL1 SIL2
Permanent, losing fingers 3 SIL1 SIL2 SIL3
Death, losing an eye or arm 4 SIL2 SIL2 SIL2 SIL3 SIL3
E.2.3 Example 3 - based on RIA TR R15.306
When a safety function is used for risk reduction, RIA TR R15.306:2016 risk estimation methodoldgy can be
used to d¢termine the PL..
Table E.5 — PL, assignment matrix 2 for safety function$
Severity Exposure Avoidance PL,
Al a
E1 A2 a
A3 a
S1
Al a
E2 A2 b
A3 C
Al a
E1l A2 b
A3 C
S2
Al b
E2 A2 b
A3 c
Al C
E1l A2 c
A3 d
S3
Al d
E2 A2 d
A3 e
a  Applicptions thatwesult in the need for PLe are likely due to non-robotic hazards.
Architectufe is,according to 5.5.3.
The derivefl PE; is established by Annex C.2 estimation of Severity, Exposure and Avoidance. Results can be different|from those

. adfnac o0 ong
found in RIATRRI5366-2016:

When EO is applicable, the risk is either negligible or low, thereby resulting in PL b as the PL,.
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Annex F

(informative)

Comparison of stop functions

Table F.1 — Comparison of the stop functions

Protective Sto

(5.6.3)

: : Stopdueto
Risk reducgon safety-relaf* Normal
Emergency stop | i db .| measureby | ed control
Palfameter ggered by protec-| . ... ; sto
(5.6.2) tive device (detection lm;ltmg_safety system fail- (5 613})
unctions detec- 2.0.%
or absence) (5.8) ure.de
(AnnexCand | tfgp (5.5.4)
Annex 0)
To safely
react to
Limitingfunc- detected Stoopin
Pyrpose Emergency situation Safeguarding tionsitoreduce | safety-relat- I(D)Ifo &
pisks ed control
system fail-
ures
Safely limit the Bring
machine per- safely to a
formance C complete
ease .
thus generally : stop in-
. : machine ;
Cease machine func- reducing the : . |fluding all
. . Safelycontrol the . functions in ;
Effect tions in safe manner severity of machine
safeguarded hazard(s) . safe manner .
and remove energy the potential functions
. and remove
injury and/or ener and then
increasing the 8y cut off
probability of energy
avoidance supply
For protective
devices, location is
determined by the
Location] of initiation Operator has quick minimum distance Internal to con- Internalto || At each
formulae (ISO 13855) control sys- || control
means unobstructed access L trol system :
or the SSM minimum tem station
separation distance
(5.14.5.3) as applica-
ble
Manual, automatic or | Automatically Manual
Manual activation of | automatically initiat- initiated by hctivation
Initiation the emergency stop ed by safety-related | safety-related | Automatic |pfthe nor-
device I/0 or satety func- 1/0 or satety mal stop
tion(s) function device
0,1o0r2,
lor2 typ-
Stop category 0or1 or is;le yp
(IEC 60204-1:2016 . 0,1or2 . Oor1 Oor1
+AMD1:2021) See also IS0 13850:2015 Can Vgry_vylth
each limiting
safety function
SRP/CS functional 5.5 and Annex C 5.5 and Annex C 5.5 and Annex C 5.5.4,5.5and| S.5and
safety Annex C Annex C
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Table F.1 (continued)
Protective Stop (5.6.3)
: : Stop due to
Risk reduc::on safety-relat- —
Emergency sto ; measure by
Parameter gency stop Triggered by protec- limiting safety . contfr 0: stop
(5.6.2) tive device (detection | "¢ i system fail- (5.6.4)
unCtlonS detec_ Ao 2
or absence) (5.8) ure
(AnnexCand | tjon (5.5.4)
Annex 0)

Manual or Automatic Manual ac- | Not appli-

Reset Manually disengaged | Can vary with each safety function that tion cabrig

initiates a protective stop
Emsure o undetected
presence in the haz- | . | vary with | Separaté .
Separate manual actua-| ard zone, otherwise Not appli-
Rpstart . s : ; each safety | manualactu-
tion additional intentional f . . cable
: . unction ation
actions will be re-
quired
Variable; from on-going (e.g. internal
robot safety functions, safety functions
Use frequency Infrequent of components of the applicatio]}o Infrequent ||Frequent
infrequent
Prevenfjunexpected Yes Yes Yes Yes No
start-up
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Graphical symbols

Annex G
(informative)

Table G.1 provides guidance for graphical symbols. Additional text can be included.

Table G.1 — Graphical symbols

safety is involved.

Subclause Description Symbol Reference
F
Emergency stop
5.6.2 To ldentlfy an emer- IEC 60417-0017
Figure P.1 | gency stop control Emergency stop
device
[
I_
ISO 7000-0017
5.7.2.2 Automatic Automatic control
(closed loop)
[
r
5.7.2.3 Manual 1507000-0096
Manual control
L
r
Remote control ON ISO 7000-1108
Activate Remote control,
5.7.6.3 | To identify the'control switch on
for changingover to Remote control,
remote-control 3 activate
Rémote control OFF r
Deactivate :{SO 7000'110?
emote control,
5.7.6.2 (ljocal.control ON) switch off
To identify the control Remote control
for changing over to deactivate ’
local control L
Power ON =
To indicate connection
to the mains, at least ISO 7000-5007
5.15.5 for mains switches or “ON” (power)
their positions, and p
all those cases where 3

© IS0 2025 - All rights reserved

126



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table G.1 (continued)

Subclause

Description

Symbol

Reference

Power OFF

To indicate disconnec-
tion from the mains,
at least for mains
switches or their po-
sitions, and all those
cases where safety is
involved.

1SO 7000-5008
“OFF” (power)
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Annex H
(informative)

Means of verification and validation of the design and protective
measures

Clause 5 specifies requirements that are essential to the safety of operators associated with the use of
the robot applications and robot cells Table H.1 lists the specific performance requirements that shall be

verified o
or both of

Verificati
clause lis
methods
required.

" validated, or both, in accordance with Clause 6. Table H.1 lists methods for verificatiofs

each listed requirement from Clause 5.

verificati¢n.

bn and validation can be performed using one or more of the below methods in‘Table H.1
ed, there are possible methods (A through ]), as shown by the X in each row.:One or m
hre used per each requirement to achieve verification and validation. Multiple methodj
For a requirement, the acceptable method for validation may be different than the m

Table H.1 — Means of verification and validation of the
design and protective measures in Clause 5

Falidation

. For each
pre of the

could be
ethod for

Verification and/or validation methods
A visuaNnspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit djagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/] or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information for use
] review of robotic application process simulation mqddels, virtual
commissioning tools
AlB|[c|[p|E| F || u |[)] 3
5 Design and protectivemeasures
5.1 iGeneral
Robot applieations and robot cells are designed according to
51 SO 1210022010 for relevant but not significant hazards which X
lare not.dealt with by this document.
51 Robots applied in robot applications conforms with the re- X
— quitements of ISO 10218-1:2025.
5.2 Design
521 Design is based on the information for use provided with the X
E— robot, end-effector and the associated machinery and equipment.
The design conforms with the requirements described in 5.2.2
5.2.1 X
through 5.2.16.
Robot applications and robot cells are designed and con-
5.2.2.1 |structed so failures do not lead to a hazardous situation due X X X X X
to fatigue or wear.
5221 Des!gn and manufacturing take into account the lifecycle of X X X
the intended use.
The design and construction take into account the constraints
5.2.2.1 |towhichthe operatorissubjectasaresultofthe use of personal X X X X
protective equipment for the intended application.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mddels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
Selected materials are appropriate for the intended use (e.g. 61/ i
5.2.2.2 |[resistance to corrosion, abrasion, impacts, fatigue, deforma- X X X r\ K
tion, ageing). N
5.2.2.2 ||[Materials do not endanger persons’ safety or health. X X \@;J K
. _ .. . ¢ N
5222 Materlals are non-toxic in all reasonably foreseeable condi N x L
tions of use. C
[Materials are not prone to brittle fracture, excessive deforma-
5222 || rel : X D X X
tion, or emission of toxic or flammable fumes.
S
Materials retain their properties in the reasonably foreseeable \‘\\
5.2.2.2 |Jrange of climatic and workplace conditions, including temper- @' X X K
lature variations or sudden changes. )
Where fluids are used, the design and construction address 3{\?‘
5.2.2.2 . i A X X X K
risks due to filling, use, recovery, or draining. Q
The parts of the robotapplication are designed and Constrl;’i;@
5.2.2.3 |[to withstand the loads expected for the intended application X X X X
land the expected operating conditions. x
The parts of the robot application involved in lifting opera-
tions are designed and constructed to withstand-an overload
5.2.2.3 |lin static tests without permanent deforfnation or patent| X X X K X
defect, where strength calculations have a minimum static
test coefficient of 1,25. :
“‘
[The parts of the robot application ied inlifting operations
lare designed and constructed (to undergo, without failure,
5.2.2.3 ||dynamic tests using the maximum payload multiplied by the| X X X K X
[dynamic test coefficient, the dynamic test coefficient
is at least 1,1. P tb
5.2.2.3 |[Dynamic tests are Ea;pmed at maximum speeds. X
. N/
5223 If51mult_aneous ments can be pr_ogrammecl, the testsare X X X X
done usmgy@% t favourable conditions.
Where ¢ \&e ropes are used for lifting functions, the ropes
5.2.2.3 - - S . e X X X
land t'h& dings have a minimum working coefficient of 5.
W, %c\hains are used for lifting functions, they have a min-
5.2.2.3 |} . L X X K
i working coefficient of 4.
The parts of the robot application are designed and constructed
5.2.2.4 |suchthatanyexposed sharp edges and sharp cornersthatare| X X X X
unnecessary for the robot application are eliminated.
The parts of the robot application are designed and constructed
5.2.2.4 |suchthatanyhazardous projectionsthatare unnecessary for| X X X X
the robot application are eliminated.
The parts of the robot application are designed and constructed
such that any exposed sharp edges and sharp corners that
5.2.2.4 2 X X X X
are necessary for the robot application are reduced as far as
reasonably practicable.
Hazardous mechanisms that enable motion are installed or
5.2.2.4 mounted such that they are normally inaccessible. X X X X X
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
A B C D E F G H Il ]
[Exposure to hazards caused by components such as motor
52924 sha.fts, gears, drive belts, or llnkages. which are not protected X X X X 0 X
by integral covers are prevented either by fixed guards or
Imovable guards according to ISO 14120:2015.
The fixing systems of the fixed guards which are intended to
5.2.2.4 ||beremoved forroutine service actions remain attached tothe| X X X X X
robot, machine or equipment or remain attached to the guard.
[Movable guards are interlocked with the hazardous movements
5.2.2.4 |fin such a way that the hazardous machine functions cease X X X K X
before they can be reached.
Where arisk of rupture or disintegration remains despite the
5204 |[measures taken, the parts concerned are mounted, positioned K X
= land/or guarded in such a way that any fragments will be con-
tained, preventing hazardous situations.
The design ensures thaterrors when fitting or refitting certain
5.2.2.4 |jparts which could be a source of risk are prevented by-the X X K
design and construction of such parts.
[nformation for use includes information on parts-which are
5.2.2.4 - P K
not designed to prevent errors in fitting.
[nstructions and provisions for lifting or meying parts of the
5.2.3 application are provided when intended to be moved after| X X
initial installation.
5.2.3 The lifting provisions are capable ofhandling the anticipated load.| X K
Robot applications are designed and constructed in such a
5.2.4 ay thatrisks of inhalation, ingestion or contact of hazardous X K
materials and substancesis/prevented.
[Where the use of hazardous substances cannot be eliminated,
5.2.4 the robot applicationds designed such that those substances k
— can be contained,‘evacuated, precipitated by water spraying,
filtered or treated by another effective method.
[Where the-application does not allow the total enclosure of
5.2.4 the substances during normal operation, containment and/ X X
or €vacuation is designed to be effective.
[To prevent fipr\ing and f:\]]ing-nvpr‘ companents af robhot
applications are
—  Affixed to be stable (e.g. to other components, rails,
5.2.5 tracks, to the floor or parts of the building structure); X X
or
—  stable itself for installation, operation and use.
525 Where components are used that move on rails, they are X X X
— provided with means to prevent derailment when practicable.
If risk of derailment persists due to a failure of a rail or of a
5.2.5 running component, means are provided to prevent the com- X X X X X
ponents or workpiece from falling or overturning.
526 Designed such that the temperatures of accessible surfaces X X X X
E— are according to ISO 13732-1:2006 and 1SO 13732-3:2005.

© IS0 2025 - All rights reserved
130



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{l}klon mqdels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
2.6 [Where there is arisk of fire or overheating, the design principles X X Q(I/ i X .
e of ISO 19353:2019 are applied. LN
Special equipment and accessories to enable the robot appli- ()
5.2.7 cation to be adjusted, maintained and used safely is supplied % X K
or made available. \
Hazardous motion of the robot application is prevented by C
5.2.8 o . . . X X
position holding when drive power is lost. A
5.2.8 Position holding conforms with ISO 10218-1:2025, 5.1.8. X V X K
When provided as part of the robot, itis implemented according \~\ N
5.2.8 s . N K
to the robot’s information for use. "
528 Position holding means are designed and constructed to with- ®X
I stand an overload during static testing according to 5.2.2.3. N
Additional axes that lift or hold a suspended mass confor $
5.29 ; ; 101C ¢ &) X X K
with relevant requirements in this document. N
When additional axis motion affects the TCP spee '\?“e-
5.29 [duced-speed manual mode, the requirements of redu peed X X K
(5.5.6.1) apply to the additional axes. A
Safeguarding and/or safety functions are- emented to
5.29 protectoperators from the associated risks n coordinated X X X
laxes move at different speeds. \ ¢
529 Cannotactuate other axes when th@d‘ofan additional axis X X X X
— can operate at a speed greater tam‘ duced-speed.
Loss or change of electrical raulic, pneumatic or vacuum
5.2.10 . . . X X K
=== |lpower does not result in rdous situation.
Re-initiation of powe \;s/not lead to any hazardous move-
5.2.10 X X
=== |lments or a change safety-related parameters.
Unexpected s a{é'n'p is prevented in accordance with ISO
5.2.10 X X X X K
14118:2017,-
Robot applicdtion components are designed, constructed,
secur contained in accordance with 5.2.2 so that risks
5.2.11 . . - K
cau y breaking or loosening, or releasing stored energy
a@revented as far as practicable.
5.2.12.1 |Release of stored energy does not cause hazardous situation(s). X X X X
52121 A means is provided to prevent uncontrolled or hazardous X X X X
===== |release of stored energy.
If the hazardous energy is potential, there is a means to
5.2.12.1 |secure it in a position which can be either the energized or X X X
de-energized position.
Safe release or containment is provided in accordance with
52.12.1 1150 14118:2017. X X XX X
5.2.12.1 |Alabelis affixed to identify the stored energy hazard.
Where additional axes can sink, drop or drift, means are ap-
plied either to prevent axis motion or to ensure thatresulting
5.2.12.1 . c ) . L. X X
motions can be initiated and resultin a de-energized position
in a controlled way.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
[Hazardous energy isolating means are provided and have the 61/ i
5.2.12.2 |[capability of being locked or otherwise secured only in the| X X X r\ K
de-energized position. N
5.2.12.2 |[Eachisolation deviceis readily identifiable as whatitisolates.| X \O)\J
The span-of-control for each device is clearly marked near the (S
5.2.12.2 . . . X N
disconnecting device. C
5212.2 Electrical supply disconnecting devices conform with I[EC 60204- <> X
===== 111:2016+AMD1:2021, 5.3.1.
5212.2 Energy separation and dissipation requirements conform \‘\\\ X
I— ith ISO 14118:2017. 5\0'
5213 Electrical parts are designed and implemented in accordance ®X X 5(
= with the relevantrequirements of IEC 60204-1:2016+AMD1:2021. x‘
5213 Pneumatic parts are designed and implemented in accordanc€$ X X k
= with the relevant requirements of ISO 4414:2010. ‘\\
5213 Hydraulic parts are designed and implemented in acc@%‘ce X X i
— ith the relevant requirements of ISO 4413:2010.‘ \,
Electric, pneumatic, and hydraulic connector, @}Fselected
5.2.13 |Jto prevent erroneous connections when tlt}%uld leadtoa| X X X X X
hazardous situation. .
Where it is not practicable to selec nectors to prevent
5.2.13 [lerroneous connections, connector abelled to lessenthe| X K
likelihood of erroneous connec?i‘o n(s).
[When the capability to ente@?‘t{)ol centre point (TCP) set-
5214 tings is provided and faih% nter these settings can create X k
=== |la hazard, the TCP setting is entered in accordance with the
robot information f .
[When the payl \e{ting is provided and failure to enter
5215 these settings reate ahazard, the robotapplication does X K
= not operat Ithe payload setting is entered in accordance
ith the@ information for use.
52.16 |A C}ke?e}urity threat assessment is conducted. X K
[f Bersecurity threatassessmentidentifies a threat thatcan
5216 Lo L Cr].q'l{)’ Jb «:rm = ay idad X X X
=== |topreventunauthorized access to the control system(s), hard-
ware, software, configuration data and application program(s).
5.3 Robot cell integration
53.1 If associated machinery and equipm_ent have relevant type-C X X X X X
— standards, these standards are applied.
Safety-related control interfaces between the robot applica-
5.3.1 tion(s), robot cell(s), other machines, and if applicable, an IMS X X X X
conforms with 5.5 and Annex C.
Safeguarding protects operators against access to hazards
5.3.1 from other machines, within each hazard zone, and at the| X X X X X X
interfaces to adjacent hazard zones.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
Span-of-control is set according to the requirements of the 61/ i
task(s) to be performed or the characteristics of the system r\
5.3.2 . C o . X X X K
when multiple robot applications, multiple robot cells or other
machinery require separate span-of-control. C ()
Actuation of an emergency stop function stops ¢ \J
N
— all hazardous motion of the robot, end-effector,
workpiece; <>Q
5.3.3 —  other hazardous movements and hazardous functions: X Q X X i X
NN
— intherobotapplication or robot cell; and $\0~
— attheinterface(s) between robots, end-effectors, N
robot applications and robot cells. \
N
The span-of-control is in accordance with ISO 13850:201 N
5.3.3 4.1.2 and is perspicuous or clearly marked near each e K
gency stop device.
Emergency stop functions for the robot and its d’}ffector
5.3.3 E X X X K
have the same span-of-control.
N
All emergency stop devices for the same ha@one have the
5.3.3 X X X
lsame span-of-control. L
Robot applications with more tha § mode that are not
5.34 operated manually remain in a sa ate, independent of the X X X
operational mode selected and o ot create a hazard.
Determining what is rem ntrol, local control, and sin-
5.3.5 ole- pomt—of—control 15 ing to 5.7.6.2, 5.7.6.3 and 5.7.5 X X X X K
respectively.
[When local contro. lected, other machines and their control
5.3.5 . . i X
[system are notif f this condition.
5.3.5 Local cont@‘l\'x;ot overridden by remote controls. X
The loca®\t,rol isto belocated adjacent to and have a direct
5.3.5 . X
Vle‘%) robot cell.
E gency and protective stop functions remain operational
535 1 At 1l oxnd oo et BtE l RNy dan X A'4 X
with 5.6.1.
Where workpieces are automatically fed, the hazards caused
5.3.6 by breakage is prevented or the risks are minimized by design X X X
and integration.
5.4 Layout
Operator can safely perform all intended and reasonably
54.1 X X X
foreseeable tasks.
541 Protective measures are applied according to Clauses 4 and 5 X X X X
— when additional hazards are introduced.
Design and construction are such that risks due to access of
54.1 controls and equipment during automatic operation have been X X X X
assessed and reduced.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
[The layout and anticipated tasks are reviewed to eliminate Q(I/ i
5.4.1 trapping and crushing possibilities within the robot applica- X r\ X X K X
tion’s restricted space. N
. \UJ
[The layout allows tasks to be performed outside the safe-
541 ouarded space. X \% X § X
Safe and adequate access to task locations within the safe- C
5.4.1 . - X X X K
guarded space is provided. A
Access paths and means do not expose operators to hazards, N/
54.1 . . o . . X X K
— including slipping, tripping, and falling hazards. .
5.4.1 IAccess design considers cable channels, stumble areas. 5\0' X X X
Access design considers frequency of the required access for @
54.1 . . N X X K
manual loading/unloading.
54.1 IAccess design considers physical characteristics of the loa%$x X X K
5.4.1 IAccess design considers abidance and observation zonesA\b X X K
5.4.1 Access design considers service positions. \O X X X K
5.4.1 IAccess design considers easily accessible maintepa‘&‘k*ocations. X X K
IComponents which have to be changed freq W;ﬂre capable
54.1 X - X X X K X
of being removed and replaced easily and safely.
Permanent means of access are pr d, considering the
54.1 : . X X K
task's frequency and ergonomic a .
541 Platforms, walkways, stairs, steﬁg)l‘d'ers and fixed ladders are X X .
— in accordance with the 1SO @},2«2:2016 series.
5.4.1 Workstations are desigl\@‘cgording to ISO 14738:2002. X K
5.4.1 Access openings arg»d‘q@;led according to1SO 15534-2:2000. X K
54.1 Openings dimen for the purpose of providing whole body X X 5(
I access confgr\ h ISO 15534-1:2000.
Limits co ‘}dz;ed include use, operator tasks, space, time,
5.4.2 . X X
end-ef&~ r and workpiece.
D VSonsiderations include:
L the need for manual inh:r‘mnh'nnfc)-
— allowing tasks requiring manual intervention to be
performed outside the safeguarded space;
5.4.3 — ergonomics and human interface with equipment; X X X X X
— requirements for and location of emergency stop
devices and possible spans-of-control
— requirements for and location of additional enabling
devices.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E F G H I J
Design considerations include the:
—  intended use of all components;
—  specifications of
—  robot cell safety functions;
5.4.3 X X X X K X
—  end-effector safety functions;
—  robot mass, payload, velocity, shape, dimensions;
— mass, shape, dimensions of the end-effector and
workpiece(s).
544 Iq collaboratlve_ ap_pllcatlons, design considers the spatial (three X X X X i X
— [dimensional) limits of the safeguarded spaces.
544 [n collaborative applications, design considers access and X X X X 5( X
—_— clearance, and contacts.
54.4 In collabora}tlve appllcgtlons,_demgn considers.ergonomics X X X X . X
=== |land human interface with equipment.
544 ln_ collgbt_)ratlve applications, design consider's transitions X X X X . X
— (time limits).
Robot application is designed and_censtructed such that it
5.4.5 prevents an operator from beingitrapped within the robot X X X X
lapplication or robot cell.
Safeguarded space is designed, constructed, or fitted with a
5.4.5 means of preventing an.0p€rator from being trapped within X X X X
the safeguarded space.
[f design, construction and safeguarding is not practicable
to prevent being\trapped within the safeguarded space, the
following is provided:
—  ameans’to stop the robot application;
5.4.5 X X X X X
|— #%\a means to prevent the start of the robot application;
4+ Lal <
AHreatS-te-StHTRTe-retpatd
— ameans torelease a trapped operator.
When means to stop and means to prevent the start/restart
5.4.5 are provided, these means are readily accessible and located X X
away from hazardous zone(s).
54.6 The restricted space of the robotapplication has been established X X X
— by limiting motion of the robot, end-effector, and workpiece.
When the maximum space is required for the robotapplication,
5.4.6 ) . . R X X X
the maximum space is considered to be the restricted space.
Robotapplications are designed and integrated to reduce the
5.4.7.1 |potential exposure of personnel to hazards by implementing X X X
limiting devices.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
Limiting devices prevent motion beyond the limit by either 61/ i
mechanical limiting devices or software-based limiting r\
5.4.71 . - L P X X X X
lsafety functions that prevent reaching the limit or initiate a
protective stop. Vo ()
5472 Mechanical limiting devices, when used, conform with ISO 10218- X X ¢ \'J X L
= 1:2025,5.7.1 or 5.7.4. N
5472 Mecha_nlcal limiting devices have been correctly installed X X << X .
land adjusted. A
When the perimeter guard is designed to be the limiting de- \~\\(
5472 lvice, the results of the risk assessment and ISO 14120:2015 0} X X X .
= have been used to determine the requirements for the design, 5\
strength and deflection for that guard. N )
The perimeter guard is not used as alimiting device when robot \}
5.4.7.2 L . X X
lapplications can cause hazardous deformations of the guar(,i';.
[Non-mechanical limiting devices conforms with 5.4.7.3 31&
5.4.7.3 1SO 10218-1:2025, 5.7.1 and either 5.7.3 or 5.7.4. A X X
5.4.7.3 |[Functional safety performance conforms with&aﬂdm)ex C. X X
[f the robot has software-based limiting saf ‘Ngﬂ}nction(s),
5.4.7.3 |[the safety function(s) are configured for the{robot application X X X K
using the robot manufacturer’s instructions.
When non-mechanical limiting dev \are used, the robot
5.4.7.3 pplication restricted space is det ihed where the moving X X X X K
arts of the robot application stop
f the speed of the robot T limited by monitored-speed
5.4.7.3 afety function, the restri space is based on the maximum X X X K
peed of the robot ap@r‘ ion.
4
tNhen the limitin @ice functions by initiating a protective
5473 top when the li is reached or exceeded, the stopping dis- X X X k
= tance and ti used to determine the restricted space of
the robot @ ation.
5474 When ﬁ\ded, dynamic limiting conforms with 5.4.7.3 and X X K
= [SO 8-1:2025, 5.7.5 when provided with the robot.
5.5 55‘@y functions
Control systems are designed so reasonably foreseeable human
5.5.1 . . . . X X X X
error during operation does not lead to hazardous situations.
Robots are selected with suitable safety functions for the
5.5.1 . S X X X
requirements of the robot application.
5.5.1 The selected robots are in accordance with ISO 10218-1:2025, 5.3. X X X
5.5.1 Safety-related control systems conform with 5.5 and Annex C. X
551 Safety-related control system performance information, of all X X X X
— safety functions, is provided according to 7.5.16.
551 If safety functions are provided that are not described in this X X X X
= document, are described according to 7.5.16.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
A B C D E F ;\(b' H I ]
Safety-related control system performance is stated as either 61/ i
Performance Levels (PL) and categories according to ISO 13849- r}
5.5.2 1:2023 or Safety Integrity Levels (SIL) and hardware fault tol- X K
erance requirements (HFT), with a 20-year proof-test-interval, ()
laccording to [EC 62061:2021. \%
552 Requirementsin ISO 13849-1:2023 or IEC 62061:2021 are used 6\ ;( X i
— for the respective safety functions for which they are intended. (/
Required performance of each required safety function is <>\
either determined by the Minimum Functional Safety PL_ or | Q
553 required SIL listed in Annex C, Table C.1 OR the results of a N\ X X .
— comprehensive risk assessment where the risk estimation meets §\0~
the requirements of ISO 12100:2010 and either ISO 13849-
1:2023 or [IEC 62061:2021. OOK
Robot application has the required SRP/CS for each safety s\‘
5.5.3 function in accordance with the determined performance] X X X
requirements. \\
When using performance levels and PL d isrequired, @af;ty
5.5.3 function achieves PL d using either a Category 3 architecture X X K
or the PFH is less than 4,43 x 107/h. . (@,
553 When using SILs and SIL2 is required, either @?dware fault X X 5(
== tolerance (HFT) isatleast 1 or the PFH isless than 4,43 x 10-7/h.
Detected faults of the safety-related %‘ol systemresults in
sc4  |AD appropriate reaction, which ca de finishing the cycle X
I or initiating a stop category 0 ¢r 1"according to IEC 60204-
1:2016+AMD1:2021. 7\ -
st Safety function paramete@fﬁlgs are according to ISO 13849- 5(
a— 1:2023 or [EC 62061:%6/2\&
555 Changes to safety ﬁ/on parameters are secured and only X k
— changeable by a@o ized operator(s).
Safety fungti Y?)‘arameter security is separate from that
5.5.5 hich all ccess for programming non-safety functions| X K
land configuring parameters.
5.5.5 Agf\&(e‘i safety function(s) are always activated upon power-up. X X X
555 va function cpffingc generatean identifier (n:\ g checksum)
— so setting changes can be identified. A
This identifier for setting changes is capable of being output,
5.5.5 - X X
as a non-safety function.
Manual changes are not capable of being reconfigured during
5.5.5 automatic execution of the task program and require re-ini- X
tialization after manual changes.
st Software on-line tools that directly influence the safety-related X
== system, as defined in [EC 61508-4: 2010, 3.2.10, are not used.
555 Safet_y function parameters are vgrified and validated before X X X X X
— starting use of the robot application.
5o Information on the active settings and configuration of the X X X
— safety functions can be viewed and documented.

© IS0 2025 - All rights reserved
137



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
5561 [Maximum reduced-speed of accessible moving parts does not X Q‘l/ "
== lexceed 250 mm/s or the set maximum limitisless than 250 mm/s. LN
5.5.6.1 |[[Reduced-speed is used with manual mode. X X _ ) X
[f robot and additional axis are operating in a coordinated \
5.5.6.1 |jmanner, the speed of the TCP and any exposed part of the X 9 K
manipulator does not exceed 250 mm/s. C
5561 [f areduced-speed setting less than 250 mm/s is required for X X <> X
== the application, the reduced-speed parameter is configured. 0
[f a monitored-speed safety function is provided, the robot \‘\\ N
5.5.6.2 pplication is configured with the monitored-speed value that| X @' X X X
chieves theresultsrequired as determined by risk assessment. )
The control system has a start/restart interlock function to \g‘v
5.5.7.1 . X X
brevent the automatic start/restart. Q
5.5.7.1 IAutomatic restart conforms with ISO 13849-1:2023, 5.2.%@ X X
The start/restartinterlock safety function conforms wi h\é_s
5.5.7.1 land Annex C, Table C.1. , {6 X X
[Automatic start/restart is prevented after a.oﬁ;?ge in the
Imode of operation; \\
—  from automatic mode to manual mod.e;
— from reduced-speed mam@ ode to high-speed
manual mode;
5.5.7.1 C) X X X
— from high-speed @a] mode to reduced-speed
manual mode; an(\%
—  from modes @ed in 5.7.2 to other modes and vice
versa, wh%?ﬁ automatic start/restart can lead to a
hazard. o=
Automati %/restart is prevented:
— i nual mode, after a protective stop is initiated by
y enabled protective device;
5.5.71 X X X
£i s 3 £ £, <L £. e N
Ftter—aetator—ot—a—setestarate e tor—whes
that safeguard allows undetected presence in the
safeguarded space(s).
The reset safety function and the reset actuator location
572 | conform with ISO 13849-1:2023, 5.2.2.3. X X1 X X
The reset safety function is in accordance with 5.5 and
5.5.7.2 |AnnexC, Table C.1, with a minimum functional safety per- X X
formance of PL b.
Resettingis by a deliberate manual action on a specific control
5.5.7.2 S . . X X X
device in a control station according to 5.7.8.
5.5.7.2 |Unintended reset is prevented by either only accepting the
release of the actuator from its energized (on) position or X X X
another suitable method (e.g. two activation zones on a touch
sensitive screen).
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
Unintended reset is prevented by either only accepting the ¢ 1/ i
5.5.7.2 |[release of the actuator from its energized (on) position or X X h@
another suitable method. N
5.5.7.2 |[Where whole body access is possible, supplementary protective @\J
measures is provided in accordance with 5.8.10 to prevent X ¢ X X X
resetting the start/restart interlock. (\\
[When a monitored-standstill safety function is needed to pre- <<
5.5.8 vent unintended motion, the standstill position is monitored X <> X X
and maintained according to 5.5.3. Q
[Any unintended motion from a monitored standstill position S}
5.5.8 results in a stop category 0 or 1 in accordance with IEC 60204- sX\ X \
1:2016+AMD1:2021. @
AV
558 When a monitored-standstill safety function is needed to prevent > X X X
D unintended motion, a detected failure conforms with 5.5.4.’;$
When data communications are used in the implement%&“
5.59 of a safety function, the requirements of IEC 61508-2:2010, X X K
7.4.11 are applied.
When arobotapplication has an internal networl@tnetwork
5.59 is considered as a transmission category 1 nC}Qor according K
to Table 1.
[When a robot application has an external network, the net-
5.59 orkis considered as a transmissi egory 2 or transition X X K
category 3 network according tp<Table 1.
5510 Safety-related control sys@s\(ulfil the requirements of X X .
== [EC 61000-6-7:2014. ~\
5.6 |[Stopping N’
[Every robot applica @v Tllas aprotective stop function, a normal
5.6.1 . ; X X K
Istop and an 1r1 sndent emergency stop function.
The contro em is designed such that stop functions have
5.6.1 . X X K
I precede& er any other control functions.
(Wh \op function has been initiated, no other control
5.6.1 f %ﬁns can enable robotapplication functions until the stop X X K
c tion has been achieved.
Each control station capable of initiating robot motion or other
56.2.1 hazardous functions has a manually initiated emergency stop X X X X
= function conforming with IEC 60204-1:2016+AMD1:2021 and
1SO 13850:2015.
56.2.1 Selection of stop category 0 or 1 according to IEC 60204- X X X
— 1:2016+AMD1:2021 is determined from the risk assessment.
Robot applications have a single emergency stop function
5.6.2.1 |with a span-of-control for all parts of the robot application, X X X
including fixtures.
56.2.1 Emergency stops remain functional even if the control station X X X X X
is not powered.
56.2.1 '_l‘he capablhty to connect additional emergency stop devices X X X X
is provided.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
5.6.2.1 |[Emergency stop function conforms to 5.5 and Annex C. X X X ({1/ i K
Each control station, including pendants, capable of initiating N~
robot motion or other hazardous situations has a manually ()
initiated emergency stop function that complies with 5.6.2 @
5.6.2.2 |[takes precedence overall other robot control functions, stops X ¢ K
all hazards within a span-of-control, removes drive power from C\
the robot actuators and remains active until the emergency stop Q
device is disengaged in accordance with ISO 13850:2015, 4.1.4. N
Emergency stop function can only be reset by a deliberate | Q\/
5.6.2.2 manual action that does not cause a restart after resetting X \\\ X X
but only permits a restart to occur. N
56.23 Any safety functl(_)n input for emergency stop remains operative @X X K
hen the power is removed and recovered. \\Q
5 6.2.4 Emergency stop outputs, if provided, continue to function.s X X 5(
[when power is removed. wd
[When a safety function output for an emergency stopA F}o-
5.6.2.4 |[vided, the function remains operative when drive’pV er is X X X
removed and recovered.
~
Robot application has at least one protectq}}&gp function
5.6.3 with capability to be initiated by an internal.safety function X X X
or external protective devices. a e
563 Selection of a stop category 0, 1 or \rding to IEC 60204- X X X k
— 1:2016+AMD1:2021 is determi \bya risk assessment.
5.6.3 The protective stop functiop—sq%rms with 5.5. X K
563 [When provided, a monit \s{andstill uses a Category 2 stop X X k
=== |lccording to IEC 602 16+AMD1:2021.
~
A normal stop co @levice is fitted to the control stations(s)
5.6.4 to stop some or e functions of the robot application, ac- X X X X K
cording to %@a -of-control.
56.4 When a !e%i the normal stop function results in a category X X
I 0 or ca ry 1, according to IEC 60204-1:2016+AMD1:2021.
/I}ﬁl stop safety function is in accordance with 5.5 and
5.6.4 have a minimum functional safety performance of PL b
lAnneX C, Table C.2)
5.6.4 Emergency stop devices are not used as normal stop devices. X X X X
565 Stopping of ass_oaat_ed equipment does not result in a hazard X X X X X X
— or hazardous situation(s).
5.7 Control functions
571 Controls meettherequirements of IEC 60204-1:2016+AMD1:2021 X X X X X
— and are designed consistent with ISO 10218-1:2025.
Controls that initiate power or motion are designed and im-
571 plemented to 5.7.2 to 5.7.9. X X X X
5.7.2.2 |Therobotapplication and robot cell have an automatic mode. X X X
In automatic, the application executes the intended function(s)
5.7.2.2 . . X X X X
and associated safety functions are active.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
) K . ), "
572.2 Changlng from automatic mode to any other mode results in X X le .
|a protective stop. r\
572.2 Automath operation does notstart uptll aseparate confirmation X () 5(
from outside the safeguarded space is provided by the operator. .
5.7.2.3.1 [JA manual mode is provided. X Q\X X
57231 [When operated in manual mode, all other equipment not re- X Q = X K
=== |lquired for the taskis placed in, and maintained in, a safe state. <‘\
When operated in manual mode, if it is necessary for other J Q N
5.7.2.3.1 |machines, equipment or processes to operate, they operate X NN X K
under reduced risk conditions. 5\0'
When operated in manual mode, the robotapplication is under @
5.7.2.3.1 |Jlocal controlaccording to 5.7.6.2 with single-point-of-control \&‘ X X K
laccording to 5.7.5. Q
57231 When operated in manual mode, automatic operati(&@ X X .
=== ||prevented. .
[Movements in manual mode are only possible by\h% of a
5.7.2.3.1 |[control station according to 5.7.8 where that co | station X X K
is the single-point-of control per 5.7.5. ﬁ\§
A reduced-speed manual mode is provided fpl\pé' ging, teaching,
5.7.2.3.2 |programming, program verification and manual intervention X X K
tasks.
N
Where these tasks require co f the functions of the
5.7.2.3.2 |[robot application or robot applieation while a person(s) is in X X K
the safeguarded space, a t’eg@yéndant provides this control.
[Movements are only p ‘@ with reduced-speed (according
57232 to 5.5.6.1) during t ation of the enabling device on the X X L
======|lcontrol station t ables movements of the robot applica-
tion/ robot cell.
[
5.7.2.3.2 ||Aseparate @Qte manual actionisrequired to initiate motion. X X X
[faspe t@\t’han 250 mm/s is needed for the robot application,
5.7.2.3.2 ||the s configured to have the required reduced-speed X X X K
}%r the robot application.
II-'v. AAF"t‘h L&p:l: Licoa
and if the end-effector and/or other machinery/ equipment
57232 in the robot application need to be operated at a configurable X X X X
====== |reduced-speed setting, this safety function (and the required
speed value) is implemented for the end-effector and/or other
machinery/equipment as needed.
When provided, high-speed manual mode is a selection within
5.7.2.3.3 |manual mode which has a monitored-speed safety function X X X
according to 5.5.6.2.
When provided, high-speed manual mode is integrated such
5.7.2.3.3 |thatitcanonly be used for the purpose of program verification| X X X X
and not production.
57233 Ifhigh-speed manual mode is provided and enabled, the robot X X X
====== | conforms with the requirements of ISO 10218-1:2025, 5.2.7.2.3.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E F G H I J
la) High-speed manual mode for the application has a teach
pendant that
—  fulfils the requirements of ISO 10218-1:2025, 5.2.8.4
5.7.2.3.33) and if applicable also 5.2.8.5 for the robot; X X K
—  has an enabling device according to ISO 10218-1:2025,
5.5.4 for the robot.
) Ifhigh-speed manual mode is provided and enabled for use,
5.7.2.3.3a) the enabling device function according to 5.7.7, associated with X X .
======="/llthe teach pendant is integrated with the relevant equipment
and/or machines within the safeguarded space.
b) Hazards from other machines, equipment and processes
re at a safe state or operating under reduced conditions,
5.7.2.3.3 b) |le.g. reduced-speed, reduced torque, reduced force, limited X X K
ovement, by jogging which can be in conjunction with an
nabling device.
) Safeguarding is the same as when the applicatiénis in
5.7.2.3.30) utomatic mode such that access to hazards is prevented or X X k
=== lccess is detected, thereby resulting in a safe state and/or
rotective stop of all hazardous conditions,
) when perimeter safeguarding establishesthe safeguarded
5.7.2.3.3 d) pace, entering the safeguarded space'in high-speed manual X X L
===/ IImode causes a protective stop of.alNequipment that could
present a hazard.
5794 An appropriate operating mode isprovided if the application is X X L
== operated with guards displaced’or protective devices disabled.
This mode disables all other'control modes; permits operation
5794 only by sustained control action devices; permits operation X X X 5(
== only in reduced risk conditions; and prevents operation by
|applicati0n Sensors.
fa) through c) conditions cannot be fulfilled simultaneously,
5724 he contreloroperating mode selector automatically activates X X
= Iternative safeguarding in accordance with 5.8, which is
implemented to ensure safe intervention(s).
572.5 SeleCtion ofthe operating mode requires a deliberate manual
= action, e.g., use of a key switch, selection on a touch screen. ~ A A
5725 The active mode is clearly identifiable and unambiguously X
= indicated.
572.5 Unauthorized and/or inadvertent activation of mode is pre- X X
= vented by suitable means.
Ifthe activation ofamoderesultsinachange in the safeguarding
5.7.2.5 or active safety functions, then the activation, but not starting X X X X
operation, of the selected mode is considered a safety function.
If the activation of a mode results in a change in the safe-
5.7.2.5 |guarding or active safety functions, mode selection requires X X X
a deliberate action.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
[fthe activation of amode results in a change in the safeguarding 61/ i
5.7.2.5 |joractive safety functions, activating a different mode results X X r\ K
in a protective stop. A
572.5 [fthe activation of amode results in a change in the safeguarding X (O\J .
o or active safety functions, motion is initiated according to 5.5.7. \
[f the activation of a mode resultsinachange in the safeguard- C
5.7.2.5 |lingoractive safety functions, each mode has the required risk X Q X K
reduction measures active for that mode. A
[f the activation of a mode resultsinachange in the safeguard- \~\\(
5.7.2.5 |lingoractive safety functions, mode selection does notinitiate 5 X
robot motion or other hazards.
[f the activation of a mode results in a change in the safe- \Q;
5.7.2.5 |lguarding or active safety functions, only one operating mode b\ X X
is active at a time. ~$
- £>!
[f the activation of a mode resultsinachangeinthe safegx@&
5.7.2.5 |ling or active safety functions, activation of safety functions X X
Ishall result from the output of the logic for mode ac?@ion.
5725 When activation or selection of mode are safety.f ions, then X X
. the safety function(s) conform with ISO 13819—:\ 23,5.2.29.
573 Controls are implemented and/or located}"dfprevention of X X X 5(
— unexpected start-up and conform w't&}&@O’14118:2017.
Status of the controls are clearl zated (e.g. power on,
574 fault detected, automatic opera (@ ,suitable for the installed X X .
= location and conform with I 0204-1:2016+AMD1:2021 and
[EC 60073:2002. o
.
574 When provided, warni ~v'l[ces conform with 1SO 12100:2010, X X 5(
— IEC 60204-1:2016+ :2021 and IEC 60073:2002.
Single-point-of- \c{l is provided when the robot application
5.7.5 . X X X
or robot cel}]{ er local control.
5.7.5 Only on@de of control is accepted at one time. X X X
[fthe'o \means of control is by network or a connection to a
5.7.6.1 s . X K
computer, it is considered to be remote control.
lfnsi 1k p« id A’ir e e ikl
5.76.2 150 13849-1:2023, 5.2.2.5. R
576.2 When in local coqtrol, the control station is the single-point- X X X
of-control according to 5.7.5.
When manual intervention is required, local control is affect-
576.2 ed by a single teach pendant or similar control station to the X X X X
= requirements of ISO 10218-1:2025, 5.2.8.4 for the robot and
5.7.8 for the robot application.
576.2 Iflocal controlis provided by a teach pendant, the teach pendant X X X
= has direct control of the robot.
Iflocal controlis provided by a teach pendant, the teach pendant
576.2 is the local control, which has priority over all other sources X X X
= of control to the robot application and overrides these other
sources of control to the robot application.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E G H I ]
[f there is no teach pendant and local control is provided by a
control station located near the application, this local control
5.7.6.2 |jstation haslocal control priority over other sources of control X K
to the robot application and overrides these other sources of
control to the robot application.
5.7.6.2 ||[Local controls have an indication when remote control is active. X K
[Means of selecting and deselecting local control are near the
5.7.6.2 N . X X X K
robot application area being placed under local control.
[flocal control can be deselected from within the safeguarded
5.7.6.2 |[lspace, a separate confirmation from outside the safeguarded X X X K
Ispaceisrequired prior to any hazardous conditions being present.
[Means of deselectinglocal control from within the safeguarded
5.7.6.2 o (e X K
space does not initiate hazardous conditions.
576.3 [f remote access to the control system is provided, it shall X
= conform with ISO 13849-1:2023, 5.2.4.
[farobotapplication can be remotely controlled by anjopérator
who is physically away from the robot cell, activatioi of the
5.7.6.3 . . X X
remote control function requires a manual command from the
local control (5.7.6.2).
[f arobotapplication can be remotely controlled by an operator
who is physically away from the robot cell, any operation start
requires one of the following:
—  aseparate confirmation fiom the local control (5.7.6.2);
5.7.6.3 or X X
|—  aseparate confirmation from the remote control where
the remote contrelprovides means for an unobstructed
view to the efitire robot cell.
[f arobotapplieation can be remotely controlled by an operator
5.7.6.3 ho is physically away from the robot cell, the requirements X X
of 5.7.2.3 apply in manual mode.
[f arobefapplication can be remotely controlled by an operator
576.3 ho is,physically away from the robot cell, functions that can X X
= cause a hazard are only possible from the selected single-point-
of-control according to b.7.5.
Ifarobotapplication can be remotely controlled by an operator
576.3 who is physically away from the robot cell, remote control X X
= does not override the local control and does not cause any
local hazardous situation(s).
If arobotapplication can be remotely controlled by an opera-
tor who is physically away from the robot cell, any machines,
5.7.6.3 |equipment, processes and sub-assemblies that could create X X
a hazard and that are not needed for remote control are in
a safe state.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E F G H Il ]
[f a robot application can be remotely controlled by an oper-
lator who is physically away from the robot cell, safeguarding
operators while in remote control are in accordance with 5.8
such that the following are fulfilled:
576.3 ||~ accesstohazardsisprevented; and/or X X X
—  access is detected, thereby resulting in a safe state
and/or protective stop of all hazardous situations such
that the safe state and/or protective stop is achieved
before the hazard(s) is reached.
[farobotapplication can be remotely controlled by an operator
ho is physically away from the robot cell, remote change(s)
to safety-related parameters requires the following before
576.3 |[the change(s) take effect: X X X
[— a local action to confirm the acceptability of the
change(s); and verification that the change(s) did 1ot
create any hazardous situations.
Activation of a mode change by remote control requiresalocal
5.7.6.3 . . ’ X X X
deliberate manual confirmation.
Enabling devices on the teach pendantand additional enabling
5.7.7 devices conform with ISO 10218-1:2025, 5.5.3"and IEC 60204~ X X K
1:2016+AMD1:2021.
577 Enabling devices are provided for each operator within the X X X K
— safeguarded space.
All enabling devices associated with a robot application have
5.7.7 X X X
— the same span-of-control
Enabling devices are intérlocked to control all hazards within
5.7.7 the span-of-control.injareas of the cell where personnel are X X X X X K
lexposed to a hazapd{rom additional robot or other equipment.
Robot applieation motion and hazardous operations are only
5.7.7 llowed while the enabling device is continuously held in a X X K
Fentre-enabled position.
577 ntérlecked equipment requires a separate act to restart after X X %
— protective stop initiated by the enabling device.
The robot application has the means to control, program/
5781 teach, configure and troubleshoot from either the control X X X
= panel or teach pendant, or remote control capability and the
corresponding connectivity (cabled or wireless).
Each control station or teach pendant that has the capability
5781 of initiating motion or hazardous functions has an emergency X X X
= stop device in accordance with ISO 13850:2015, 4.3.5 for the
initiation of an emergency stop function in accordance with 5.6.2.
Pendant has an integrated 3P enabling device if entering the
5.7.8.1 |safeguarded space in manual mode would lead to a hazardous X X X
situation.
5781 Teach pendants and control panels are in accordance with the X X X
= requirements of the IEC 61310:2015 series.
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Table H.1 (continued)

Verification and/or validation methods

visual inspection
practical tests
measurement

observation during operation

mg 0w P

review of application specific schematics, circuit diagrams and
design material

Applicable design requirements and/or protective F review of safety-related application software and/ or software

Clause .
measures documentation

G review of task-based risk assessment

H review of layout drawings and documents
I review of specifications and information foruse

] review of robotic application process simulation mqddels, virtual
commissioning tools

A B C D E F G H I ]

A visual signal at the control station indicates the active status
5.7.8.1 |Jof a control station, e.g. an indicator light on a control panel| X X X K
or a warning at a teach pendant display.

[For robotapplications with remote control capability, control
5.7.8.1 Ftations (including teach pendants) indicate when remote| X X X K

ontrol is active.

ontrol stations, pendants, teach pendants, electrical cabinets
5.7.8.2 nd equipment are located for access by operators while the| X X X X X K
perators are safeguarded.

ontrol stations, pendants, teach pendants, electrical cabinets
5.7.8.2 nd equipment are located or positioned to allow an operator| X X X X X K
o have an unobstructed view of the application.

Eixed control stations and electrical cabinets are located out-
ide of the perimeter safeguard when a perimeter safeguard{\<X X X K
is provided.

Portable/movable control stations and pendants notinuse are
5.7.8.2 |llocated outside of the perimeter safeguard when a périmeter| X X X K
safeguard is provided.

Control stations, pendants, teach pendants, elestrical cabinets

nd equipment that have the capability ofimode selection,
5.7.8.2 ocal/ remote control selection, or use within the safeguarded | X X X K
pace(s) are placed near the access means for improved ease
f use by the operators.

t\!hen electrical equipment, containing elements that require
c

5.7.8.2 cess, are above the normal néach;a means for access is provided X X X X X X
(e.g. a work platform) according to the ISO 14122:2016 series.
[The results of a risk assessment are used to determine the

57802 |[means for providing dccess to the relevant devices between X X X X X k

la height of 400 mam-and 2 000 mm from the access level (see
also IEC 60204-1:2016+AMD1:2021).

Electric eficlosures are mounted so their doors can be fully
5.7.8.2 |lopened.and escape routes are always available by clearance| X X X K
or desigh of the doors.

Seléction and design of platforms, walkways, stairs, stepladders

5.7.8.2 Tid TIXed Tadders are I accordance witil the Televant parts X X
of ISO 14122:2016.
Pendants and teach pendants that can cause motion or hazardous

5.7.8.3 . . X X X X X
movements have an emergency stop in accordance with 5.6.2.
Pendants and teach pendants that can cause motion or hazardous

5.7.8.3 . L . X X X X X
movements have an enabling device in accordance with 5.7.7.
Pendants and teach pendants that can cause motion or hazard-

5.7.8.3 ous movements have a single-point-of-control, in accordance X X X X X
with 5.7.5, when in manual mode.

578.3 Cabled pendants have sufficient cable length to perform tasks X X X X X

in a safe manner.
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Table H.1 (continued)
Verification and/or validation methods
A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{l}klon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
A cabled pendant has a cable that is capable of withstanding Q(I/ i
5.7.8.3 [fthe anticipated environmental conditions of the location in X X r\ X K
which it is to be used. N
578.3 Cabled pendant has means for proper placement to minimize X %\J X X .
- the possibility of damage which could result in a hazard. \
Cabled pendant has means of cable stowage to reduce entan- C
5.7.8.3 - X X X X K
glement and tripping hazards. A
Cableless or detachable pendants and teach pendants conform N/
5.7.8.3 ) X X K
with 5.7.8.4. .
578.3 [Teach pendants conform with the requirementsin SO 10218- &\0' X X k
= 1:2025,5.7.2. )
Cableless teach pendant has unambiguous means thatidentify 32\\?"
5.7.8.4 L . X X X K
the robot application being operated.
Cableless teach pendant has connection means to ens
5.7.8.4 . . R ) . . X X X K
integrity of communication (e.g.login, encryption, flreixv .
Cableless teach pendant has unambiguous means tc?ﬁhdicate
5.7.8.4 . - . X X X X X
connection continuity (e.g. screen display). A
Cableless pendant is not simultaneously ¢ \c\tJed to more
5.7.8.4 A X X X K
than one robot or robot application. .
Loss of safety-related communicatit@ any active pendant
5.7.8.4 |lcauses protective stop and resto of communications X X X
does not allow arestart withoup separate deliberate action.
Unambi to disgonpect controllers from th
5784 nambiguous means to 1s@1ec controllers from the pen- X X X L
dant are provided. CA
When devices arelog ~t/, itis clearly recognizable that the
5.7.8.4 . X X X K
relevant safety fun<hy are not active anymore.
Appropriate s o%'e\(,)r design is provided to avoid confusion
5.7.8.4 . . . . X X X X K
between active d inactive emergency stop devices.
Each ro d if necessary, end-effectors and additional
5.79 ) . . X X
= axes) i cted before it can be activated.
5.79 E&}b%ot selected is in the same operating mode. X X X K
I‘A\ll llldibd\,iull Uf VVlldL A4 l‘l‘l ‘UC dLLinLCd ib l.)l UVidCL‘l dllUT dills
579 140150 10218-1. XX x| X
5.79 Only what is selected is activated. X X X
579 Robots_not selected do not move and do not present hazards, X X X X
— according to 5.2.8.
5.8 Safeguards and their use
Guards and protective devices are used to prevent access to
581 the: hazard(s), cause hazard(s_) to cease before access, prevent X X X X X X X
— unintended operation, contain ejected parts and tooling, and
limit other process hazards.
Protective devices which initiate a protective stop remain
5.8.1 . ) s X X X X X
active while an operator is in the safeguarded space.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mddels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
[f whole body access exists or if it is possible for parts of an Q(I/ i
operator to be undetected within a safeguarded space and '3&
5.8.1 X . - X X X X X X
—_ also hidden from view at the reset control, the requirements
of 5.5.7 and 5.8.10 are fulfilled. ()
Risks of whole body trapping or body parts being crushed ¢ \'J
581 between moving portions of the robot application with, for X C\ X X X X
— example, parts of buildings, structures, utilities, other machines, Q
land equipment, are reduced to acceptable levels. N
581 Safeguardingis provided when clearance is notin accordance | Q Y X X X X
— ith ISO 13854:2017. N\
NN
5.8.2 Safeguarded space is defined. S\ X X K
When provided, dynamic changing is part of the functional N
5.8.2 PR - . X X K
safety of the limiting device implementation.
5.8.2 The restricted space(s) is defined within the safeguarded spacés‘ X X X K
When required, perimeter safeguarding is implemented Crs\?g
5.8.3 guards in accordance with 5.8.5 and/or sensitive p tive X X X K
lequipment in accordance 5.8.5. N
N
[Minimum gaps to prevent crushing or trappir%hform with
583 k50 13854:2017. C) X XK
583 Unless allowed by 5.12.2, the height of éperimeter guard is X X
— at least 1 400 mm from adjacent wg_l\' surfaces.
Perimeter guards are not instaﬁMser to the hazard than
5.8.3 the restricted space, unless s are designed to be the X X X K
limiting device in accord:}r}@'l’th 5.4.7.
When provided, overri L@rotective device capability com-
5.8.4 . . X X
I plies with 5.7.2.4. A~
[When provided Mding means provides same level of risk
5.8.4 - - : X X
reduction as t otective device.
5.8.5 Guards \O\
5.8.51 ||Guardseanform with IS0 14120:2015. K
5851 N%’-}t:arlocked guards require tools to remove and cannot X
= be easily circumvented without a tool.
Fixing systems remain attached to the guards or machinery
5.8.5.1 X X
when guards are removed.
5.8.5.1 |Guardsarelocatedatasafetydistanceinaccordance with 5.8.5.2. X X X
5851 Guards do notallow an operator to reach over, under, around or X X X
= through (an opening or gap) the guard and access a hazard zone.
5.8.5.2 |Fixed and movable guards conform with ISO 14120:2015. X
Fixed and movable guards’ minimum distance from any haz-
5.8.5.2 |ard meets relevant requirements of ISO 13857:2019 and ISO X X X
13855:2010, except as permitted in 5.12.2.
5.8.5.2 Minimum distances associated with openings in guards meet X X X
T the relevant requirements of ISO 13857:2019.

© IS0 2025 - All rights reserved

148



https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mddels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
58.5.3 Interlocking devices associated with moveable guards meet X X 61/ i .
= requirements of ISO 14119:2024. LN
58.5.3 Mov_able guards open laterally or away from the hazard, and X () X 5(
not into the safeguarded space. \O)
5853 [Movable guards used to initiate starting on closure (control X &\\X L
= ouards) meet the requirements of ISO 14120:2015. C
5.8.5.3 |[Theinterlocking function meets atleast the requirements of 5.5. X N X K
5.8.5.3 ||Resetsare in accordance with 5.5.7.2. X | Q N X K
[When it is possible for the operator to open an interlocked 0\,\\
58.54 movable guard and reach the hazard zone before the hazard $X\ X X k
= is brought to a safe state, guard locking is provided in addition @
to the interlock function. N
Guard locking only permits actuation of hazardous machin $
5.8.5.4 - o¢ . ' é X X X X
function if the guard is closed and locked. N
Guard locking keeps the guard in the closed and locked i\tl)Ol’l
5.8.5.4 |Jifthe risk of harm due to hazardous functions ofthe’f@:hine X X X X K
exists and conform with ISO 14119:2024, 6.6. A
— 4 ;
Process parameters used as a condition for loeking.or unlocking
5.8.5.4 |meet the same functional performance requirements as the X X X X K
interlocking function. \
5.8.6 Sensitive protective equipment(‘\v )
N
[Electro-sensitive protective e@ment meets the relevant
5.8.6.1 - ] : X X K
requirements in the IEC 61?9’6‘ser1es.
[Pressure-sensitive pro \elequipment meets the relevant
5.8.6.1 requirements in 1ISO 6-1:2013, ISO 13856-2:2013 and X X X
[SO 13856-3:20130
5.8.6.1 ||Application oftléd’n‘tectlve devicesareaccordingto IEC 62046. X X K
Where an (@X’J)r or part of an operator can be in the safe-
58.6.1 ouarde and remain undetected by the SPE, additional X X X
— measu re provided according to 5.8.1 to prevent hazardous
Fit,- ions arising.
|D‘e@cting an operator inside a manual load/unload station o o o
5.8.6.1 - - * X *
complies with 5.12.2.
Where the sensitive protective equipmentis used to initiate a
protective stop, itis positioned ata distance from each hazard
5.8.6.2 |sufficientto ensure the hazard is removed or otherwise obtains X X X X
a safe condition before any part of an approaching operator
can reach the hazard.
Sensitive protective equipment is securely installed and
5.8.6.2 located such that an operator cannot circumvent (i.e. cannot X X X X X
= reach over, under, around or through) the detection zone and
reach a hazard.
586.2 Aprotective stop is initiated if the sensitive protective equip- X X X
= mentis actuated while the hazardous conditions are operating.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
A B C D E F G H I ]
[Following actuation, the hazardous conditions being safe-
5.8.6.2 suarded by the sensitive protective equipment prevents any X X X 0 X
= hazardous motion or situation until the sensitive protective
lequipment is reset.
The formulae in ISO 13855:2010 are used to determine the
5.8.6.2 |minimum distance from the hazard zone to the sensitive X X X
protective equipment for all directions of approach.
The detection zone of presence-sensing devices is positioned
5.8.6.3 and configured so thatan operator or part of an operator will X < X X X
— be detected throughout the detection zone and a protective
|stop maintained.
Where necessary, supplementary measures are provided to
2.8.6.3 ensure that the detection zone cannot be circumvented. X X X X K
Where the sensitive protective equipment is only used for.
a presence-sensing function, it is used in conjunction with
2.8.6.3 other protective devices to ensure the machine(s) is/are-dn‘a X X X X X B
non-hazardous state before hazards can be reached.
5.8.6.4 |[Use of blanking is according to IEC 62046:2018. X
587 When muting is applied, use of muting is aceording to [EC k
— 62046:2018.
588 When provided, overriding a protective device is according X X X
— to 5.7.2.4 and IEC 62046:2018.
588 When provided, overriding means,provide the same level of X X
— risk reduction as the SPE.
5.89.1 [The minimum distance forprotective devices providing a trip X X k
= function is in accordance'with ISO 13855:2010.
When protective devices solely provide a presence-sensing
5892 function to prevent-starting or restart, detection capability X X X k
= requirements stated in the related formula of ISO 13855:2010
are applied:
[When protective devices provide a trip function to provide
5803 protéction against lack of clearance, the separation distance X X X 5(
= iscalculated using ISO 13855:2010 with the robot application
Eppnd asthe :\pr\r‘n:r‘h cpppr] (i e Kistherobotsystem cpnprﬂ
When protective devices provide a presence-sensing function
5893 to prevent unexpected start due to alack of clearance, detection X X X X
= capability requirements stated in the related formula of ISO
13855:2010 are applied.
From each control station the visibility, to all the locations within
5.8.10 . X X X
the safeguarded space(s) where operators can be, is ensured.
5810 Where visibility is not practicable, presence sensing is pro- X X X X
=== |videdtodetectany person throughout the safeguarded space.
Where presence sensing is not practicable, sequenced time-lim-
5.8.10 |ited reset devices located inside the safeguarded space are| X X X
provided.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mddels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
[The final reset device islocated outside the safeguarded space ¢ 1/ i
5.8.10 End isnot within reach by any person within the safeguarded| X X h@ X
pace. r\
[Where presence sensing and sequenced time-limited reset %\J
devices are not practicable, arestartis prevented by one of the ¢ \
following: multiple means for the isolation and lockout of the C\
hazardous equipment located within the safeguarded space;
5.8.10 . - X X X
Imeasures to lock a guard in the open position; or measures )
to lock an obstruction with the detection zone of an AOPD Q<
used to detect entry into the hazard zone; or trapped key 4
interlock systems. . \\\\
[f a start/restart interlock in conjunction with presence
5.8.10 sensing is provided, the presence-sensing device meets the XQ@X X X
requirements of Type 2 from [EC 61496-1:2020. \\
5.8.10 ||Protection from unexpected start-up is according to 5.5.7. 0‘ X X X X X
Safety-related manual control devicesare located ata suffi'sﬂ}t
5.8.10 ||distance to prevent actuation from inside the safg@rded X X X X K X
space according to ISO 13857:2019. NE
59 [End-effectors ‘\C)\
5.9.1 End-effectors are designed, selected an&iﬁt\egrated to fulfil the following:
59.1a) |f) conformwith5.1and5.2 as appli‘c\&{e.’ X
5.9.1b) b) have a means for manual mo@k‘nt or release, for use X X X X k
=== |without power, to free entrapped fingers or other body parts.
c) have safety functions t@t’erlock or monitor functions
5.9.10) lsuch as gripper closing Gi?)pening with information on the X X k
— positioning of the end, or to preventinadvertentrelease
of the load in a haz position.
d) 1) when ope \g can be within proximity of the end-ef-
5.9.1d) 1) fethr QUrln gripping of workple?es, gripping for.ces are| ¢ X X X L
E— minimize hieve adequate grasping of an object instead
ofmaXL orce available.
d) w\(e?l operators can be within proximity of the end-effector
5.9.1d) 2) ||ddringthe gripping of workpieces, contact between gripper/| X X X X X X
g z | i ; 1 5146
d) 3) when operators can be within proximity of the end-ef-
5.9.1d) 3) |fector during the gripping of workpieces, application design| X X X X X X
measures are provided by which crush hazards are eliminated.
e) when operators are exposed to risks of an end-effector or
29.1e) a tool attached to an end-effector, risks are reduced. X X X X X X X X X
5.9.1) f) safety functions used to control risks conform with 5.5 X X X X
= and Annex C.
g) the static and dynamic forces created by the load and the
59.1g) |end-effectorstogetherare withintheload capacityand dynamic| X X X X X
(motion control system) response of the robot.
5.9.1h) |h) align with the mechanical interface. X X X X
59.1i) |i) detachable tools are securely attached while in use. X X X
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
j) the release of detachable tools only occurs in designated 61/ i
5.9.1j) |llocationsorunder specific, controlled conditions, if the release| X X X r\ K
could result in a hazardous situation. N
5.9.1K) k) the end-effector withstands the anticipated forces for its X %\J .
I expected life, in accordance with 5.2.2. \
End-effectors are selected or designed such thatloss orresto- C
59.1 ration of energy supply does not cause a hazardous situation,| X X QX K
or other safety measures are provided. A
5.9.2 Additional risk reduction measures include, as applicable, 5.9.2 (a) h{?)(lgh (i):
59.2a) |f) containthe hazards. X @' X X K
5.9.2b) ||b) locate hazards so notaccessible by the operator. %@X X X K X
c) use a disable function that depends on the orientation of =
5.9.2¢) X X X K
the end-effector. Al
5.9.2d) ||d) reduce collaborative task zones when hazards existQ\‘o X X X X X X X K X
5.9.2¢) le) identify hazard zones where unexpected hazard@ pro-| ¢ X X X X X X . X
====) |[cesses can occur. Al
f) use of warnings before and during the ha ﬁeﬁs process,
5.9.21) hich includes residual time after the procég as ended. X X X X <
59.2g) |lg) use of sequencing based on concliti“; instead of times. X K
5.9.2h) ||h) useofinspectiontoolsto reduce(r'ﬂ’e\\\‘/entions by operators.| X X X X K
5.9.21) |f) warnings of hot surfaces. C)v X X X X K
End-effector and fixture @ésigned with reduced sharp
59.3 X X X
ledges to reduce humag\ ct forces or pressures.
Motion is prevente Lf}f)erators safeguarded where edges
59.3 . X X X X K
can result in unaegey ble contact force(s) or pressure(s).
When operato exposed to risks of an end-effector ora tool
attached t d-effector, risks are reduced by one or more
59.4 of the follewing: force sensing according to 5.14.6, end-effector X X X
orie jeh, grip force, speed monitoring, presence sensing,
cc}q&a tlink, or safety functions.
Me the maximum grip force of the end-effector exceeds the
594 acceptable limits, the grip force applied by the end-effector X X
I is reduced and monitored not to exceed acceptable levels in
accordance with 5.14.6.
The robot speed for which the gripper is intended to be used
59.4 is considered in the design of the end-effector so that the X X
end-effector and any workpiece(s) are retained.
If the end-effector movement is controlled separately from
5.9.4 the robot, the stop monitoring is considered in addition to the X X X X
robot application stopping.
To reduce risks to operators during a collaborative applica-
59.4 tion, end-effector actuation is prevented when the operatoris| X X X X
contacted or within a detection zone around the end-effector.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E F G H I J
594 Presence sensing devices conform with the relevant parts of .
I [EC 61496:2020.
For power and force limiting (PFL) applications, the effec-
59.4 tive force for initiating a protective stop is in accordance X K
with 5.14.6.
5.9.5 To reduce risks due to end-effectors and workpieces, 5.9.5 (a) through 5.9.5 (c)‘are provided:
) There are clearances between end-effector/ fixture/
orkpiece and any obstructions in accordance with
S0 13857:2019 and ISO 13854:2017 or protection from haz-
59.5a) rdous situations due to a lack of clearance with between X X X X X
lend-effector/ fixture/ workpiece and any obstructions
(e.g. support posts, building columns) in accordance with
[EC 62046:2018 and ISO 13855:2010..
b) Protection is provided from hazardous situations due to
5.9.5b) |[stationary obstacles and moving objects in accordance with X X X X X X
SO 13857:2019 and ISO 13854:2017 .
c) There is space to access are entry/exit locations and
paths provided to perform expected tasks in accord-
5950 lance with ISO 14122:2016 series, ISO 15534-1:2000 and X X X X X X
SO 15534-2:2000.
End-effector exchange systems have been selected or
5.9.6 designed such that loss or restoration.of'energy supply does X X X K
not lead to a hazard.
[f designing end-effector exchahge systems such that loss or
59.6 restoration of energy supply dpes not lead to a hazard is not X X X .
— practicable, other safetymeasures are provided to mitigate
against any hazards.
59.6 End-effe_ctor c?xchange system design does not lead to a haz- X X X .
— lardous situation,
Release or dis€onnection of the end-effector(s), using the
5.9.6 lend-effector.exchange function, is prevented at positions X X X K
where release would lead to a hazard.
End-effectors exchange system withstands the expected static
5.9.6 . ) X X X K
Iand dynamic requirements.
596 The integrator ensures that the tool setting, including TCP X X
— value, for each individual end-effector has been entered.
The integrator designs the system to that it selects the proper
596 TCP for the end-effectors that are being changed. X X X X X X
596 If motion can beinitiated w1tho_ut the end-effector atta_ched, then X X X X X X X X
— protective measures are applied to reduce the associated risk.
Where several robots use the same type of end-effector ex-
59.6 change system, only intentional combinations of robots and X X X X
end-effectors are permitted.
The possibility of incorrect end-effector selection is considered
and, where practicable, the robot application detects such a
5.9.6 . . . . X X X
scenario and prevents continued operation until the correct
selection occurs.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
Blc| o |[e| Fr (O] u || ]
59.6 [Unintended release of the end-effector is prevented. X X X ({1/ i K
O
Release of the end-effector is only in a specific and safe con- N
59.6 ) . X X X K
— figuration. _ )
5.10 Vertical transfer components . \‘O
5101 The movement of the carrier of vertical transfer components X C\ X i
=== |kerving fixed landingsis rigidly guided to and at the landings.
[Where operators have access to the carrier, the vertical transfer Q N
5.10.1 |fis designed and constructed in such a way as to ensure that X | Q X X X K
the carrier remains stationary during access. \\
The vertical transfer is designed and constructed in such a way \
5.10.1 |fas to ensure that the difference in level between the carrier @X X K
and the landing being served does not create arisk of tripping. \g‘
The vertical transfer is designed and constructed to preve $
5101 . : . % X K
the risk of load falling off the carrier. N
- - )
51041 Rope carriers, tractors or tractor carriers are held by counter- X 5(
— eights or fitted with a device for permanent control‘ sion.
Where there are lifting (vertical transfer) cos \?ents and
5.10.2 |[there is a risk due to persons falling when arrier is not| X X X X
present at the landings, guards are fitted to'prevent this risk.
5.10.2 ||Guards do not open in the direction @e hazard zone. X X X
Guards are fitted with an interloc 'r@e\vice with guard locking
510.2 that prevents movements of the carrier until the guards are X k
=== ||closed and locked and openi aguard until the carrier has
stopped at the corresponﬁnding.
Risk of crushing bet fe moving parts and the landings
5.10.3 . X - X X
is prevented by saf{@\’ ding according to 5.8.
N4
Sufficient free SQL'E is provided either by means of physical
refuges or ans of mechanical devices blocking the
movemen e carrier under all the following conditions:
5.10.3 L . X X X X
=== |fitis nec y to access the movement zone; and there is a
risk]{?’persons situated under or above the carrier can be
cr(u-ls\h between the carrier and any fixed parts.
’T‘ij relalk L Fﬂ-a-t-l "_7 i P rth iatand Al—’ il v\' 0
5.10.4 |where thisis not practicable, movementis only possible with| X X
the actuation of a hold-to-run control device.
5.11 Lasers and laser equipment
Where used, laser equipment is designed and integrated to
5.11 . X X X X X
prevent any hazardous exposure to laser radiation.
511 Where laser equipmentis used, the requirements of [IEC 60825- X X X X X
= 1:2014 are applied.
Optical equipment used for observation or adjustment of
5.11 laser equipment are such that no hazardous situations arise X X X
from their use.
5.12 Material handling, manual load / unload stations, material flow, and adjacent cells
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
. . ( -
5121 Opera_tors are_safeguarded from hazards associated with X X le X X
=== |lmaterial handling. LN
51221 Measures are prov1_ded to prevent operator exposure to hazards X X () X X
22222 lhf the manual stations. O)
AN
51221 When a perimeter safeguarding is established, allowable gaps X Q\\ X X
=== |land openings are in accordance with 5.8.5.2. C
[Manual stations are designed to prevent access to hazards
51221 [pan ; . X D X
within the perimeter safeguarding.
When used to reduce risk by preventing operator and robot from \‘\\ N
loccupying the hazard zone at the same time, monitored-standstill 5\0'
5.12.2.1 [jccordingto 5.5.8 detects entry of the operator into the hazard @X X X X
zone which is occupied by any part of the robotapplication and \Q;
brings the hazards to a safe state before they can be accessed. b\
[When used to reduce risk by preventing operator and rqb@s‘
from occupying the hazard zone at the same time, ng\hl
512.2.1 tored-stan_dst!ll according tg 5.5.8 prevents any part-of the X X X X
===== |Irobot application from entering a hazard zone occu y an
operator or brings the hazard to a safe state befoﬁii.t reaches
the operator. N
=N
5.12.2.2 |[Safeguarding is provided in accordance wiw. X X X
512.2.2 Gaps between amoving stationand a ed element complies X
== ith ISO 13854:2017, Table 1, to p crushing.
When presence sensing is used@e/tect the operator in the
5.12.2.3 |lsafeguarded space, the deteetion zone of presence-sensing| X X X X X X
devices includes the enti?e rd zone.
.\
When presence sensir%ﬁ({t practicable and an operator can
5.12.2.3 |Jpassthrough the d(@ ion field of the SPE and access a hazard X X X
zone, the SPE in& a protective stop according to 5.8.5.2.
When prese @sing isnot practicable and an operator can
5.12.2.3 |[passthro detection field of the SPE and access a hazard X X X
zone, a st estartinterlockis provided according to 5.5.7.1.
Othﬁ}é;sures are provided to preventinadvertentresetting
512.2.3 o% tart/restart interlock, thereby preventing the robot X X X
e lapy cation from mnving into the hazard zone while the op-
erator remains in the hazard zone.
When manual reset is provided, the whole of the safeguarded
5.12.2.3 |spaceisvisible fromtheresetdevice unless further measures| X X X X X X
in accordance with 5.8.7 are applied.
Where materials enter or exit the safeguarded space, safe-
guarding prevents operator from coming into contact with
5.12.3 hazards or brings hazards to a safe state before they can be X X X X X X
accessed, without creating additional hazards.
5.12.3 |Access to a hazard is prevented or the access detected. X X X X X
5.12.3 |Hazardsare broughtto asafe state before they canbe accessed.| X X X X X X
The dimensions of openings in guards to allow material entry
5.12.3 . L ) . X X X X X
and exitare the minimum dimensions necessary for passage.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process sim;{llklon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
Possible crushing/shearing hazards between the material 61/ i
5.12.3 |jand the sides of the opening are eliminated by design and/or X X X X r\ X
additional safeguarding. N
[Where openings for material entry and exit are safeguarded @\J
5.12.3 |jusing ESPE, access to the safeguarded space is prevented by the X X ¢ X
material itself, or by other meansaccordingto IEC 62046:2018. (\\
[Where openings for material entry and exit are safeguarded <<
5.12.3 |jusing ESPE, the ESPE allows passage of materials by either: X <> X X X
a muting function; or a change in protection (e.g. blanking). Q
[Where openings for material entry and exit are safeguarded S}
using ESPE, and the ESPE allows passage of materials by change 5\
5.12.3 [jin protection area (e.g. blanking), the minimum distance @X X X X
indicated by the ESPE manufacturer is applied according to s&‘
[EC 62046:2018. W\
The performance levels of muting and blanking safety functi
5.12.3 ||do not adversely affect the performance level of the s X X X
function of the ESPE. XO
513 Safeguarding is provided to prevent exposure to hkka.rds from X X X X X
= ladjacent robot cells. N
Safeguardingis provided to reduce risk due t&mbterlal transfer
5.13 A L . X X X X X
into and out of adjoining robot cells. N
Safeguarding is provided either to Bt operator access to
5.13 adjacentrobot cells from within cell, or to bring hazards X X X X X
ithin adjacent robot cells toa state.
5.14 ICollaborative applicati@}&)
Operator(s) perform@"clollaborative task within a safe-
5.14.1 |fguarded space aregb ted from injury due to contact from X X X X
moving parts of& ot application.
Protective es are provided for the safety of operator(s)
5.14.1 in the eve act or stop the robotapplication motion and X X X X
other ha before contact occurs.
d(g'Y\med in the application risk assessment, protective
5.14.1 n‘@ﬂ? es address quasi-static and transient contact hazards X X X X X
Q0 2y npprnfnr
Contact exposure to sensitive body regions is avoided according
5.14.1 |to5.14.6.3,orifthisisnotpracticable, guards and/or protective| X X X X X X
devices are applied.
If one or more operator(s) are within the safeguarded space
5.14.1 |during robot application motion in automatic operation, all X X X X
required safeguards are active.
5141 Robots used for integration into a collaborative application con- X X X X X
— form with the relevant requirements in ISO 10218-1:2025, 5.10.
5141 Sharp edges are rounded and softened as far as practicable to X X X X
=== |reduce human contact forces or pressures.
Motion is prevented, or operators safeguarded where edges
5.14.1 . X X X X X
can result in unacceptable contact force(s) or pressure(s).
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
As determined by the application risk assessment, application ¢ 1/ i
5.14.1 |lof protective measures addresses the expected exposure of| X X X h@ X
the operator. N
: . : - \J
[The collaborative application shall be provided with a means
2141 for extrication from trapping situations. X \% X X X
514.2 Safeguarded space is designed so that the operator can perform X X C X K X
=== |jall intended tasks and be protected from hazards. ,_&
Additional hazards are notintroduced due to layout and location N/
5.14.2 ) ) X X K
=== |lof equipment and machinery. N
Robot application is controlled to prevent hazardous contact 5&0'
5.14.2 X X X X X
land clearance risks. )
514.2 Safeguarded space where operator(s) can interact directly 32\\?" X X K
— ith the robot application is clearly defined. Q
514.3 Operators are protected from hazardous situations dul’u@ X X X X 5(
=== |transitions.
[f the transition is from collaborative to non- collabor:ff&etask,
5.14.3 |jstartofnon-collaborative taskis prevented until perator X X X X K X
is outside the safeguarded space. f\§
5.14.4 |[Hand-guided control (HGC) . ()
For HGC use, the robot application is igned to allow direct
51441 control of the robot application mwﬁft by the operator. X X X X X B
HGC robot application has the@\o(/ving: monitored-speed
514.4.1 Isafety function according to %._; stop category 2 (IEC 60204- X X X L
=== [[1:2016+AMD1:2021) pro e stop according to 5.6.3; and
monitored- standstlll;a'f{%‘unction according to 5.5.8.
514.4.1 Therlsk assessmen@ﬂ{sed to determine the monitored-speed X X X 5(
limit value.
[f operator \s dependent on limiting the range of robot
5.14.4.1 |jmotion, th ot has software-based limiting safety functions X X X X X K
in accor e with IS0 10218-1:2025, 5.7.4.
514.4.1 rc&éned controls (HGC) conform with ISO 10218- X X X 5(
=== 1[12025,5.14.3.
When the operator actuates the HGC hold-to-run control, the
5.14.4.1 |monitored-standstill is released, and the operator performs X X X
the hand-guided collaborative task.
While using HGC, operator has clear visibility of the hazard
5.14.4.1 |zone while hand-guidingthe robotapplication to the intended X X X
position(s).
When operator releases the HGC hold-to-run control, a mon-
itored-standstill safety function in accordance with 5.5.8
514.4.1 is triggered unless one or both of the following provides X X X
I acceptable risk reduction: power and force limiting (PFL)
according to 5.14.6; and/or speed and separation monitoring
(SSM) according to 5.14.5.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mqdels, virtual
commissioning tools ¢
aAlBlc|p|e] F (O] v || ]
[HGC collaborative applications are designed, positioned, and 61/ i
integrated considering the user operation of controlling the r\
5.14.4.1 |frobot such that pinching, crushing sharp edges and other X X X
‘caught-in” or “compressed by objects” injury risks are reduced ()
or eliminated through design. \%
The location, layoutand control of motion through the hand-guid- 6\ )
5.14.4.2 |led device shall be considered for a hand-guided type of col- X Q X
laborative application. N
. . . . . N
The mapping of actuation direction of the HGC to the motion Q
5.14.4.2 . X A X X X X
of axes, robot and end-effectors is clearly shown. b\\
The direction of motion of the robot and end-effector is easily I
5.144.2 controlled by the HGC. N @ X X X X
[The HGC is located so that the operator has an unobstructed >
view of entire hand-guided task zone, including workpiece.s(
5.14.4.2 . - . . s X X
=== |lmotion, any hazards that mightarise from motion and VISIbl’]@
of operators entering the task zone. A
5.14.4.2 |[The HGC minimizes operator exposure to moving woﬁ@eces. X X
[The HGCislocated such that operator positionm@sﬁ posture
5.14.4.2 " X X
[does not cause additional hazards. r\\
The HGC provides an ergonomically faveu>56le posture for
5.14.4.2 . X X X
=== |lthe operator.
“‘
[End-effector safety functions are l@ed to preventinadvert-
5.14.4.2 |lentrelease of a workpiece whic@use a hazardous situation X X X X
according to 5.9. lal
514.4.2 Loss or change of power Km\o/tlead toloss ofload, unexpected X X
=== |lmotion or other haza@ in accordance with 5.2.10.
5.14.5 |[Speed and separa @ il’nonitoring (SSM)
Speed and sep ion monitoring (SSM) applies to all people
51451 within the@ uarded space. X X X X X §
[f the pe Vance of the protective device is limited by the
5.14.5.1 nurgiee people in the safeguarded space and the number X X X
h%sb n exceeded, a protective stop occurs.
.
i atadin dan im‘,l(‘n1')0t’ﬂ:’)ﬂ1ﬂ
51451 114 IEC 62046:2018. X R
Collaborative applications using SSM use an SPE that detects
5.14.5.1 |entryintothesafeguarded spaceand/or monitors the presence X X X
of any person.
When a presence-sensing device (PSD) is used to define de-
tection zones, the size and location of the detection zones are
51451 set so that the separation distance is maintained including X X X X X
consideration of deceleration time.
The time from activation of a stop command and for the robot
5.14.5.1 |application to decelerate to stop (v, in Annex L) is included in X X X
the separation distance.
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Table H.1 (continued)
Verification and/or validation methods
A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E G H Il ]
[f stopping performance is not monitored by a safety function,
then stopping performance is checked and the SSM application
5.14.5.1 X Lo . X X
=== |lor safety function parameters modified when the stopping
performance degrades.
[f the distance between the operator(s) and moving parts of the
5.14.5.1 |japplication decreasestoavalue below the separation distance, X X X X X
la stop of the robot application occurs, in accordance with 5.6.3.
514.51 When used Yvith PFL, the.transitiorll time for PFLto become active X % X X L
=== |lisincluded in determining the minimum separation distance.
Robots used for SSM with dynamic speed implementation
conform with the requirements of ISO 10218-1:2025, 5.10.3,
5.14.5.1 which also requires inclusion of the time for the robot appli- X X X X <
cation to decelerate and reliably stop.
5.14.5.2 |[The SSM collaborative application has a monitored-speed safety:
function(s) and a mean for adjusting the parameters of ‘thée X X X X
robot monitor-speed safety function(s) according to 5.5:642.
5.14.5.2 |[The SSM collaborative application has a speed and separation
monitoring (SSM) safety function to continuously monitor rela- X X X X
tive distances and speeds of person(s) and the rebotapplication.
[f operator safety is dependent on limiting the'range of robot
5.14.5.2 |japplication motion, the robot has software-based limiting X X X X X
safety function(s) in accordance withdS0+10218-1:2025, 5.7.4.
Delays in communication to realize.SSM are included in the
5.14.5.2 . < o - X X X
=== |lseparation distance monitoring\safety function.
[When SSM robot applicatiernmay resume operation automat-
ically following a protective stop and monitored-standstill
5:.14.5.2 according to 5.5.8, theélseparation distance is maintained, and X X X X X
no people are within the SSM safeguarded space.
514.53 MoniForing sepdration distances are provided by safety X X
=== |[function(s),
5.14.6 |[Power andforce limiting (PFL)
514.6.1 PFLapplication uses robot that complies with the requirements 5(
=== |ofIS0 10218-1:2025, 5.10.4.
PFLapplicationis designed to adequately reduce risks of injury
5.14.6.1 by not exceeding applicable threshold limits for contact events. X X X X X X
Pressure and force contact parameters are verified of the
5.14.6.1 |. o X X
identified contact event(s).
514.6.1 Safety functions are used and configured for the robotapplication X
= such that the risk of injury is lessened to an acceptable level.
Contact from moving parts of the robot application to body
5.14.6.2 |regions are categorized as either quasi-static contact or X X X
transient contact.
The severity and probability of occurrence of contact events
5.14.6.3 |from the moving parts of the robot application to an opera- X X X X X X
tor(s) are reduced.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
A B C D E G H Il ]
514.6.3 Hazards _assoc1a_ted w1th contactto the face, skull and forehead X X X X X . X
T |pre considered in the risk assessment.
everity and probability of occurrence of contact events are reduced, by fulfilling asmecessary for risk reductjon 5.14.6.3
5.14.6.3
) through 5.14.6.3 h):
Ia) Severity and probability of occurrence of contact events
5.14.6.3 a) |lre reduced, by layout design (5.4), robot application design X X X X X X
(5.4.3), use of safety functions according to 5.5 and Annex C.
b) Severity and probability of occurrence of contact events are
5.14.6.3 b) |[reduced, by end-effector design, selection and implementation X X X X X X
in accordance with 5.9.
c) Severity and probability of occurrence of contact events
5.14.6.3 c) |jare reduced, by end-effector exchange systems, if provided, X X X X X X
design, selection and implementation in accordance with 5.9.6.
d) Severity and probability of occurrence of contact events
are reduced, by one of more of the following:
—  reducing speed by: speed limiting safety fungtion,
according to 5.5.6;
—  trigger a lower speed value for the-speed limiting
5.14.6.3d) safety function when approaching a petential clamping X X X X X X
contact event;
— using a protective device(that either triggers the
speed reduction when an{ operator is detected, or the
protective devices triggersd protective stop to prevent
contact from occurring,.
le) Severity and probabilityof occurrence of contact events are
reduced, by implementing the PFL collaborative application to
5.14.6.3 €) |javoid potential centact(s) by keeping the tool direction away X X X X X X
rom operator(s)iwhich can be implemented with a safety
unction forpose limiting or orientation limiting.
) Severityndnd probability of occurrence of contact events
re redueed, by reducing the effective mass of moving parts
5.14.63) ftheéwobotapplication by selection of robot, end-effector and X X X X X X
ther payload influences.
g) Severity and probability of occurrence of contact events
5.14.6.3 g) | are reduced, by keeping movements away from the operator X X X X X X
by implementation of limiting devices according to 5.4.7.
h) Severity and probability of occurrence of contact events
arereduced, by the use of guards and/or protective devices to
5.14.6.3h) protect sensitive body regions, including the skull, forehead, X X X X X X
larynx, eyes, ears, or face.
Risks due to contact with the face, skull and forehead (Annex M
5.14.6.3 |Table M.3, Body Regions 1, 2 and 3) in a PFL application are X X X X X
reduced.
PFL applications avoid foreseeable contacts with sensitive
5.14.6.3 |parts of the body including the skull, forehead, larynx, eyes, X X X X X
ears, or face.
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information fo,
] review of robotic application process simﬁl&}lon mddels, virtual
commissioning tools ¢
Blc|[p|[e] Fr (O I ]
Preventive measures reduce risk of contact with sensitive body ¢ 1/ i
5.14.6.3 N : X | X X Q
parts due to unintentional or reasonably foreseeable misuse. LN
5.15 Assembly, installation and commissioning _
Commissioning plan includes information for protective \‘0
5.15.1.1 . L d X
Imeasures for operators during commissioning. N
Interim safeguards protect against hazards identified in risk ™
5.15.1.2 X X
lassessment. <‘\
~
Appropriate safeguarding means are in place prior to initiating Q
5.15.1.2 . pe X X
===== |lpower-on start-up testing and verification. \\\
[Awareness means are installed to indicate the boundary of
5.15.1.2 L tricted @
erestricted space. A
[nitial start-up procedure plan is established and includes
5.15.1.3 |} ; . i K
items listed in 5.15.1.3 as a minimum. Al
Before applying power, the following have been install g‘s"
intended: mechanical mounting and stability; electrical con-
5.15.1.3 [pections; utility connections; communications con ions; X X X X
peripheral equipment and systems; limiting deviees for re-
ducing the range of motion to a subset ofthef aximhum space.
515.1.3 [nstructions are providedthatalloperators’eM ‘e safeguarded k
=== |Ispace prior to applying drive power. \ ¢
5.15.1.3 [|After powerisapplied, the items list(d&.‘ls.lj c)are verified. X X X X X
[Environmental conditions like @\oﬁnding temperature, hu-
5.15.2 midity, electro-magnetic di bances, surrounding lighting, X
etc., are considered in th@@n and protective measures.
. -~ .
Components can wit d the expected use and environ-
5.15.2 L X X K
Imental COIldlthl’)SO
All sources of (ﬁé‘kgpplication and other equipment power
5.15.3 |jmeet the requi ents specified by the machine and compo- X K
hent mam@.\rers.
Electr@nstallations meet the requirements of [IEC 60204-
2153 17016 fAMD1:2021. X B
o~
5153 Hg@aulic power installations meet the requirements of -
=== |1S0 4413:2010. i N
5153 Pneumatic power installations meet the requirements of X X
====|ISO 4414:2010.
5.15.4 |Indoor lighting meets the requirements of ISO 8995-1:2002. X X
5.15.4 Outdoor lighting meets the requirements of ISO/CIE 8995-3:2018. X X
5154 Ad_equate lighting_is provided in areas of frequent inspection, X X X X
==== | adjustment or maintenance.
5.15.4 | Additional lighting results in an illumination intensity of 500 Ix. X
Controls are labelled to clearly indicate their function, accord-
5.15.5 |ingto IEC 60204-1:2016+AMD1:2021, IEC 61310-1:2007 and X
IEC 61310-2:2007.
5.16 Maintenance
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Table H.1 (continued)

Verification and/or validation methods

A visual inspection
B practical tests
C measurement
D observation during operation
E review of application specific schematics, circuit diagrams and
design material
Clause Applicable design requirements and/or protective F review of safety-related application software and/ or software
measures documentation
G review of task-based risk assessment
H review of layout drawings and documents
I review of specifications and information foruse
] review of robotic application process simulation mqddels, virtual
commissioning tools
B C D E F G H I J
As far as practicable, adjustment, maintenance, repair, cleaning
5.16.1 |jand servicing task are possible while the robot application is X X X X
at a safe state.
5161 [Robot cell is designed and constructed to allow safe access to X
— here intervention is necessary during maintenance.
When it is necessary to perform maintenance within the
5.16.1 safeguarded space, the system has local means of controlling X X
Iand isolating hazardous energy.
henitis necessary to perform maintenance within the safe-
uarded space and these tasks are anticipated and integral
5.16.1 o production and the tasks need to be performed without X X X
nergy isolation, effective alternative protective measures
re provided.
When effective alternative protective measures are provided;
the protective measures for the control of hazardous energy
5.16.1 L R
or for position monitoring includes one or more of 5.16~¢) 1
through 4.
[f the application requires movement without drive power
5.16.2 O . . - ) . X X X K
capability, the integration fulfils this requirethent.
When movement without drive power is used,/the implemen-
5.16.2 . ) R . . X K
=== |[tation complies with the instructions for use.
When movement without drive powerJis used, warnings and
5.16.2 . . X
information are updated.
[Means to actuate the end-effector in a hazardous situation
5.16.2 . X X K
have been integrated.
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Annex I
(informative)

End-effectors

I.1 Gripper end-effectors

.11 G

End-effec

gripping
clamping]
and the nj

When selg
canbeaq

a) many
NOTE
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c) minigy
force
d) appli

whilg
locati

End-effec
are redud
emission

1.1.2 G

Workpiec
closure g
latter cas

grasping
NOTE

Some grij

pneral

tors often include gripping mechanisms designed to hold workpieces. In general,ther
principles with advantages and disadvantages, namely mechanical actuation)(e/g. gr
and non-mechanical actuation (e.g. vacuum cups and magnetic grippers). The’choice of
echanical design can be selected to be suitable for the specific application.

bcting or designing a gripper for a specific application, the features and functions of the en
art of the risk-reduction measure(s). These gripper features and functions include the fo

Power includes, but is not limited to, electrical, pneumaticghydraulic, kinetic, or stored ener
btent gripping function under loss of power, to preventaheavy workpiece from falling oy

hization of gripping forces needed to achieve adequate grasping of an object instead of
available;

fation design measures in which crush hazatds are eliminated (e.g. force limiting safety f
on, sufficient clearance for an operator's fingers not to be crushed when the gripper clos

ed, particularly at the source -of"emission. If noise emission is relevant, then reproduc
data can be provided with the'end-effector.

rasp-type grippers

es can be secured.in grasp-type grippers, typically either by a form closure grasp ol

e holds the workpiece through friction generated by the grasping force between the work
surfaces.

See 1§0:14539:2000, 3.2.1.2 and 3.2.1.3 for definitions of “form closure grasp” and “force closurg

pebs can have a physical capability of actuating with forces that are significantly highe

e are two
asping or
principle

1-effector
lowing:

al move or release function for use without power, to free entrapped fingers or other bodly parts;

gies.
t;

maximum

inction(s)

the robot is positioning the gripper, inhibiting gripper closure if the gripper is not i the grip

bS).

tors can be designed, constructed and selected such that risks associated with airbgrne noise

ible noise

" by force

Fasp. In the former case, the grasping surfaces geometrically trap the workpiece in place. The

piece and

grasp”.
" than the

forces they are normally configured to provide. Systems that control gripping forces can have either a fixed
or adjustable force setting. If a fault in the gripper control system can result in an unacceptable risk in the
robot application, then a safety-related function prevents forces from exceeding the limit value threshold.

If forces are adjustable, the interface is designed such that setting and adjusting can be performed to
consistent values. Verification of settings (e.g. by use of a checksum indication) and protection against
unauthorized changes (e.g. by use of password) can be necessary, according to 5.5.

With the use of pin grippers for grasping of workpiece by penetrating the surface with pins, needles and
hooks, the sharpness of the penetrators is a consideration.
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I.1.3 Vacuum grippers

Loss of th

If the loss

e workpiece is a concern with vacuum grippers.

of vacuum can result in a hazard, the following can be considered to reduce risks:

a) redundant or diverse vacuum systems (each branch capable of holding the workpiece in place);

b) safety-related control and generation of vacuum with an appropriate performance level;

c¢) warning signals (audio/visual) when power is lost and vacuum holding of a workpiece is only maintained
for a limited time.

1.1.4

Loss or rglease of the workpiece(s) due to a loss of power or a change of the magnetic field ean be
with magjnet grippers. The influences of the magnetic fields are considerations in the selection 3

magnet g
Ifthe loss

a) diver

b) safety-related control and generation of magnetic field with an appropriate performance level

c¢) warn

limitg¢d time.

The activjation/deactivation of the magnet gripper can be safely monitored in accordance wit

Annex C.

1.2 Ap

121 G

There are
its enviro|
the end-e
reduced t

.22 A
Applicatig

a) joinir

riveting);

b) fastel

agnet grippers

[ippers.
bf or release of the workpiece(s) can resultin a hazard, the following can be considered to rec

ce or redundant magnetic systems (each branch capable of holding theyworkpiece in plac

ing signals (audio/visual) when power is lost and holding.a workpiece is only mainta

plication specific end-effectors

pneral

application specific end-effecters*where the end-effector performs a work on a workp
nment and does not manipulate by grasping. When an operator is exposed to hazards d
[fector’s applications, the endseffector is designed so the hazardous attributes of its oper
b an adequate level.

pplication examples
n examples include:

g/assemply/adhesive/inspection (e.g. welding, laser, sensing, measuring, pressure, gluin

1ing\(e.g. torque gun);

A concern
nd use of

luce risks:

);

ned for a

=]
Ul
Ul
o8]
=
Q.

iece or to
reated by
htions are

b, sealing,

€) material removal/cutting/trimming/grinding/polishing/deburring/sanding (e.g. [aser, blade, water-jet,
drilling);

d) dispensing/spraying/coating (e.g. hot glue, paint, mould injection, foundry);

e) use of technologies with emissions (e.g. laser, water cutting, radiation, ultrasonic).

1.2.3 Weld applications

End-effectors for any welding applications are designed such that the welding wire feeders do not
unintentionally forward the welding wire with the risk of hitting the eyes of an operator. Examples of ways
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to achieve such a design include using a disable function that depends on the orientation of the end-effector
or using orientation safety functions of the robot.

NOTE

Welding applications typically strongly encourage either personal protective equipment (PPE) and/ or
weld curtains to protect the operator against welding light and splatters as a complementary means of protection for
residual risks.

1.3 Examples for collaborative applications

I.3.1 HGC integrated into the end-effector

HGC is intended to provide direct operator input to effect robot motion in accordance with 5.14.4. If the

hand-guic
close the

Figure 1.1

collabora
a person.
which usq

Key

bripper.

A manipulator

B force
C  hand{
1.3.2 P

torque sensor

gsuiding wheel, with-hold-to-run controls

led application involves moving loads in a gripper, the HGC could provide the means¢o

shows an application example of hand-guided control integrated into an(end-effe
ive application. The gripper grasps the workpiece in an area where the gripper is separ
The operator uses the HGC to guide the gripper while pressing hold-to-run“controls on
s a hand-guided wheel, for the collaborative task.

D  end-effector
gripper “fingers”
F  workpiece

Figure I.1 — HGC integrated into the end-effector example

pwér‘and force limited (PFL) end-effector

open and

tor for a
hted from
the HGC,

Figure [.2Shows an application where the WOTKpiece ol end-effector can contact a person. This example is
solely about PFL of the end-effector. The example does not show or reflect risk reduction that can be required
of the robot. Figure 1.2 is not to scale.

If the forces and pressures could be higher than acceptable limits, the end-effector gripping force is limited
by a safety function. For guidance, see Annex M.

The performance level required (PL,) of any end-effector safety functions are in accordance with 5.5.
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1.4 Gripper designs and their safety performance

Electric grippers can have an internal or an external controller and motor control. In both cades, forces
and presgures higher than Annex M, can be safely limited for a power and force limiting collaborative
applicatidns.

Grippers that are capable of forces and pressures higher than acceptableimits, could require the use of
a safety flunction to reduce risks, though other protective measures, could achieve the same leyel of risk
reduction|. For guidance, see Annex M.

A monitofed-standstill is required in accordance with 5.5.8.
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Annex ]
(informative)

Safeguarding manual load and unload stations

J.1 Risk assessment

The haza
bring the

The risk 3
a) possi

b) possi
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db dbbULidLCd WiLh llldlludl ludd/lulllUdd deLiUllb dl'c liau:d AllllC)& A. Iv’idlludi iuml/'uuh)d
operator close to the hazards associated with the load/ unload stations.

ssessment for manual load/unload stations addresses the following:
bility of unintentional access to the safeguarded space inside the robot cell;

bility of intentional access to the safeguarded space inside the robot cell (e)g. maintenand
al intervention);

hood of restart of the robot application occurring while an operator is within the saf
(e.g. if another person outside the robot cell restarts the robob cell without being awa
tor is inside);

hatic operation with an operator at a task zone near the manual load/unload station.

Sign
pneral

ad/unload stations require operator interaction with the robot application in the task
taneously for most applications. For;PFL collaborative applications, the interaction can|
e according to 5.14.6.

two main concerns:
parding the operator from hazards introduced by the robot application;
nting access to hazaxd zones beyond the manual load/unload station.

nsioning of safeguards and protective structures against access to hazard zones is de
:2015, IS0 13857:2019 and 5.8.

To mini

ize ergonemic risks, manual load/unload stations can be lower than 1 400 mm. ISO 13

l stations

e or other

eguarded
e that an

zone, but
be at the

bcribed in

857:2019

states thdt protective structures lower than 1 400 mm should be used with additional protective easures.

— unexpected start-up (5.7.3);

— contact between the operator and robot application.

NOTE

Figure].1

pllowing:

An example of ergonomic risk is handling heavy or large workpieces during manual load/unload
operations. Inadequate design of the task, machine or robot cell could lead to increased ergonomic risk factors to
the operator. Further information regarding ergonomic risk factors is given in ISO 6385:2016, ISO 14738:2002 and
Table A.1 ergonomic hazards.

is arisk reduction flowchart for this Annex.
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Manual
load/unload station less
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Apply J.2.5

Manual
ocad/unload station

Is entry
restricted or

"less than
1 000 mm?2

Yes
A 4

Apply ].2.6
]

ﬁcted?

Entry

restricted using
mechanical means?
].2.6(1),].2.7,
J.2.10

NO

multiple zone
sequencing be applied?

J:2.8 (b), (c)

YES

v

Apply multiple zone sequencing

Y

Apply internal
intrusion and/or
presence detection

].2.8 (a),].2.9
|

Redesign the
manual load/
unload station an|
restart at the
beginning

Information for use:

Y

Warnings, Training, Procedures

END

Figure J.1 — Manual load/unload station risk reduction flowchart

An example layout of a manual load/unload station is illustrated in Figure J.2.
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guard
reset
perim
prote
maint
manu

hazar

— Q. mm g 0O w o>

area g

NOTE

D
I N .

) >

eter guard

'tive device (sensitive protective'€quipment) or interlocked guard
enance access (shown as interlocked guard)

hl load /unload station

 zone within the safegtarded space

utside the safegtiarded space (non-hazard zones)

Surroundingsafeguarding is not shown in the Figure for simplicity of the illustration.

Figure ]J.2 — Example layout of a manual load/unload station with a reset interlock

J.2.2 Example safeguarding of a manual load/unload station with an adjacent
interlocked guard

Subclauses 5.12, 5.13 and 5.16 specify requirements for means for the safe access of the operator to the

robot app

Figure].3

NOTE 1
provides g

lication or robot cell for material handling, manual loading/unloading, material flow, other manual
stations and maintenance. The means of access is shown near the manual load/unload stations in Figure J.3.
shows general principles without details. For simplicity of viewing, surrounding safeguarding and
the openings (C) under the workpiece (A) are shown without the guarding that is required to prevent access.

See 5.12.2 for the requirements of manual load/unload stations and other manual stations. ISO 13857:2019
uidance on preventing access through an opening in any fixture or part of a manual load/unload station.

© IS0 2025 - All rights reserved
169


https://standardsiso.com/api/?name=eeb1cfd6ba463f3a39f2ad7077f0d853

ISO 10218-2:2025(en)

Key

A workpiece

B interl

C openi

NOTE

in the Figure to simplify the example. See Figure ].9. SPE could be used instead of.obstructions for “C”".

Safeguarg
by means

bcked guard
hgs that require obstruction to prevent access

Surrounding perimeter safeguarding and guards to prevent access below-the workpiece (A) are
Figure J.3 — Interlocked guard allowing access

ling against operators reaching from the manual load/inload station into hazard zones i
of guards according to ISO 14120:2015, with distances according to ISO 13857:2019, T3

functionglle safety according to 5.5. The robot application-is prevented from reaching any opers

limiting
The integ

which car

NOTE 2
distance ig
could be li

].2.3 Ej

Safeguar
station ifg
installed

NOTE
the requir

Stepping

vices according to 5.4.7.

Fation needs to account for the stoppingangle/ distance when establishing the restricteq
change dynamically according to 5:4.7.4.

The robot application stopping distajice can initially be determined by simulation, but the actu
later verified and validated for the application according to Clause 6 and Annex H. The stoppin
mited by a safety function.

xample safeguarding separation distances of manual load/unload station

ling against hazards’that the operator could reach while standing near the manual log
fulfilled by semsitive protective equipment (SPE), guards and interlocked guards, ¥
hccording tod80°14119:2024, 1SO 14120:2015, I1SO 13857:2019, ISO 13855:2010 and 5.12.

See Figure].4, Figure ].5 which show a manual load/unload station using dynamic limiting, how
bd safeguarding is shown.

behind and remaining undetected by the protective device at the entry of the manual log

not shown

S ensured
ble 2 and
tor using

| space(s),

| stopping
g distance

d/unload
vhich are

bver not all

d/unload

station is prevented by design measures (i.e. distance between the entry protective device and perimeter
safeguarding) or by additional safeguards (e.g. by using a horizontal AOPD as shown in Figure ].4). The
system restarts according to 5.5.7. Figure ].4 and Figure ].5 illustrate the use of dynamic limiting which
dynamically changes the restricted space.
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|
|
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|
|
|
|
l
|
|
|
I
I
I

distance according to ISO 13857:2019 when manual load/unload station is an inipeding device

restri
restri

separj

rted space (including workpiece) when either of the AOPDs (d) are obstructed
rted space (including workpiece) when either AOPD (d) is unobstructed

«_n

htion distance “g” from the edge of the impeding device to h,is determined by the:

—e

surro
not s}

Robot
End-¢
Manu
Light
Work

Dynammic limiting (5.4.7.4).5afety-related input to the SRP/CS to dynamically change the restricted space

trusion is not detected (].2.8) by “f”, which is the safety-related input to the SRP/CS for dynamic lifniting
— operator detected in the manual load/ unload area by hetizZontal “d”

namically changed restricted space, at either "h;"ef "h," and
anual load/ unload station is the impeding device/(].2.7)

inding perimeter safeguarding and prevention or detection of access at the manual load/unload
own in the figures to simplify the example

with end-effector.

ffector.

al load/ unload station.

curtain (AOPD) shown (other-SPE can be used) - 1 vertical (].2.8) and 1 horizontal (].2.9).
biece.

Figure].4 — Example of an operator at a manual load/unload station

Station are
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Key

> 50%

— njo intrusion and no presence are detected by either AOPD (d)

+  surropnding perimeter safeguarding and prevention or detection ofdecess at the manual load/unload
not shown in the figures to simplify the example

a Robot with end-effector.

b End-dffector.

¢ Manupl load/ unload station.

d  Lightfurtain (AOPD) shown (other SPE can be used)<@vertical (J.2.8) and 1 horizontal (].2.9).

€ Workpiece.

f Dynamic limiting (5.4.7.4) safety-related input.to the SRP/CS to dynamically change the restricted space

J.2.4 Impeding devices of height greater than or equal to 1 400 mm

See 5.12.7 for the requirements where the height of the impeding device is greater than or equal to !

].2.5 Imphpeding deviees of height from 1 000 mm to 1 400 mm

If the impeding dévice height of 1 400 mm cannot be achieved due to robot cell design, the imped

height co
and ther
areas wh

separption distance according to ISO 13855:2010
restrifted space of robot application (including workpiece)
separption distance "g" from the vertical AOPD (d) to the restricted space h, is determined by the:

—

tg make h, active as the restricted space

ISO 10218-2:2025(en)

a — f
4 = Y ' &

| a

—h | s

1 P

| 5

hTA o

| %

| P

¥

| L

b b

| P

e | ¢

:

)

c s

X XXX XX

bbot system (a) intrusion is detected by "f", which is the safety-related inputto the SRP/CS for dynan

Figure J.5 — Example ofa robot application at a manual load/ unload area

sults of the risk assessment. The deviation from the height of 1 400 mm is as small as pos

hic limiting

Station are

400 mm.

ng device
ng device
sible. The

{ld bereduced to 1 000 mm depending on the protection given by the shape of the imped

rée.the height of 1 400 mm is not achieved are kept to a minimum.

When the height of the manual load/unload station is between 1 400 mm and 1 000 mm, the fixture or
manual load/unload station can become the impeding device to restrict entry into the robot cell (see
[SO 13857:2019). While the fixture or manual load/unload station could be an adequate impeding device, the
risk assessment addresses hazards presented by both the robot application and any additional safeguarding
needed. For example, forklift pockets can create natural steps for climbing.

If impeding devices are below 1 400 mm in height, they should be provided with additional protective
measures according to ISO 13857:2019. These can be a combination of the following:

a) keep
b) keep

ing guards and impeding devices at manual load/unload stations as high as practicable;

ing openings and slots as small as practicable;
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¢) additional protective devices, e.g. interlocked guards (see ISO 14119:2024) and SPE (see ISO 13855:2010)
to safely control hazards within the robot cell.

NOTE

See 5.8.5.2 and 5.8.9 for minimum distance requirements.

The following complementary measures can be used to supplement, but not be used instead of safeguarding:

— measures to further reduce the residual risk of circumvention of the impeding device by providing a
nearby safe means of entry with the related training to operators;

— warn

— writt

ing signs;

en instructions at the manual load/unload stations.

].2.6 Ihpeding devices of height less than 1 000 mm

ISO 1385
restrict e

In such ¢
task zone
zone(s) w
reduced.

manual g

htry; it needs an additional protective device.

(s) (e.g. manual load/unload station) provides effective measures to prévent entry into t

[0 achieve this, the design strategy to prevent, impede or detect.entry into the robot c

applying the following protective measures, in the following order:

1) mechhnical fixture and the manual load/unload station ake designed to be impeding d
described in [.2.7;

2) detedtion of intrusion in hazard zones by multiple zonesequencing to determine if someone

throu

3) interi
load

unload station, as described in ].2.9 and“shown in Figures ].7 and ].8.

Supplemental measures to prevent the (reasonably foreseeable circumvention of the safegua

include, fi
robot cell

]27 M

J.2.7.1

The desig
by crawli
design ap
and limitz

br example, adding angled components to prevent walking that bypasses the ESPE to
See ].2.7.2 and Figure J.6.

echanical deterrent in fixture and manual load/unload station design

Whole body access deterrence

n is such that the operator cannot gain or is deterred from whole body access into the
hg /squeézing through an opening within the fixture or over the manual load/unload st

itiohs‘outlined below.

[:2019 specifies that a manual load/unload station that is lower than 1 000 mpmy i8’insufficient to

ises, entry is detected using one or more protective devices. The design dand constructiion of the

he hazard

ithin the robot cell, or, if intrusion occurs, that the risks associated with such entry are agdequately

bl via the

ad/unload station ensures that the risks associated with suchientry are adequately r¢duced by

bvices, as

is moving

gh the detection zones and entering the robot cell, as described in ].2.8 and shown in Higures ].7
and [J8;

hal intrusion detection is used to deteetya person trying to enter beyond the fixture ¢gr manual

rds could
enter the

robot cell
htion. The

plies principles specified in ISO 13857:2019 and ISO 14120:2015, specifically the chargcteristics

ISO 1385

772019 addresses reaching through guard openings. As specified 1 the note to 1SO

857:2019,

Table 7, slot openings greater than 180 mm and square/round openings greater than 240 mm allow
access for the whole body. Openings designed within these limitations prevent access by crawling. A risk
assessment can determine if a larger opening is effective in preventing access by crawling, by an analysis of
the following:

— existing anthropometric data;

NOTE

See the ISO 7250 series for statistical summaries of body measurements from national populations.

— the dimensions needed to provide entry by crawling;

— other physical aspects of the opening that might be an impedance to entry.
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EXAMPLE If the passage through the fixture or manual load/unload station involves a 90° turn by the individual,
entry by crawling is highly unlikely.

It is insufficient to post warning labels prohibiting entry by crawling/squeezing through or over openings.

J.2.7.2  Step elimination

According to ISO 14120:2015, the design of guarding and supporting structures shall not include features
that could assist in climbing over or circumventing the guard. The vertical surfaces of the frame are designed
to eliminate the possibility of climbing over the fixture or manual load/unload station, as follows:

a) there is no step and no portion where the person can cllmb by gripping something; it is not possible to
climb . .

b) surrqundings to openings in guards or supporting structures do not provide:

— a|climbing surface;

|
o

surface to grasp to climb;

—t

he ability to wedge a foot for a footstep or pathway.

If a) and H) are not fulfilled, then intrusion by a person needs to be detected by either:

— dlectro-sensitive protective equipment according to the IEC 61496 series, or

— aninterlocked guard according to ISO 14120:2015 and [S©/14119:2024.

@
4

Key
H 1 000mm minimumrheight

NOTE Surrounding structures and safeguarding are not shown in Figure ].6 to aid in the understanding|the sloped
surface in fhe figurer See Annex K Figures K.1, K.2, K.3 and K.4.

Figure ].6 — Example of step elimination by use of sloped surfaces

].2.8 Detection of intrusion in hazard zones

As stated in IEC 61496-1:2020, IEC 62046:2018, ISO 13855:2010 and the ISO 13856:2013 series, SPEs can be
used to detect the intrusion of an operator into the hazard zone. The SPE or a combination of SPEs can be
used, taking into consideration the following:

a) the SPE is installed to detect the entry of the operator(s) into the safeguarded space;

b) the SPEisinstalled to determine the operator’s movement (inwards or backwards to the hazard zone) by
evaluation of the operator’s position at different times or by sensing the operator’s movement direction;
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¢) the evaluation method of the operator’s movement and position provides a reliable estimation if an
operator has entered the hazard zone and, in such a case, the protective device initiates a protective stop.

Where there is a risk of more than one operator entering the loading station and one operator remains at the
loading station while one or more operators access the hazard zone, the system detects this situation and
initiates a protective stop.

The minimum distance requirements are described in 5.8.5.2 for guards and interlocked guards and 5.8.9

for SPE.

J.2.9 Presence sensing

Intrusion

detection is used to detect an operator trying to enter bevond the fixture or manual loa

/ unload

station. PJ
risk asses

The folloy
— deted
NOTE

— scani
persd

NOTE
— sensi

Figure ].7

esence sensing is the detection of an operator inside the hazard zone. Depending on the res
sment, continuous presence sensing of the operator inside the safeguarded space could be

ving are means by which to accomplish intrusion detection:
tion zone inside the safeguarded space using SPE;
1 See Figure ].7, item 7, and Figure ].8, item X while not being detected by Z.

ers (AOPDDR) under positioners, frames, fixtures and manual«load/ unload stations
ns crossing from the load/unload side to the inside of the safeguarded space;

2 See Figure |.7, item 7.

[ive protective equipment (SPE) installed according to:5.8.6.

zone seqy
zone sequ
load stati

encing to detect that the operator has left the detection zones. Figure |.7 shows the use g
encing with three detection zones of a laser séanner (AOPDDR) to detect intrusion, press
b, intrusion into the robot cell and the operator leaving the detection zones.

ults of the
needed.

to detect

and Figure ].8 illustrate examples of intrusion détection and presence detection withh multiple

f multiple
nce at the
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9 9 9 QQ
)
%

inner [detection ?@ (also under the manual load/unload station)
&tion zone

loadirnjg area

a) Operator loading workpiece b) Rob@pplication is processing the workpiece
Key g
N .

industrial robot application transferring to conveyor $ industrial robot application processing at fixfure or
1 . : . . X manual load/ unload station while no operatpr is

whilejan operator is loading a workpiece 4\

o present

o  operafor loading the workpiece into the S operator performing other tasks and no longgr is

fixturg or manual load/unload station .\(\}‘ within detection zones X, Y or Z
3  workpiece loading C) workpiece processing
4 worinece transferring to the conveg\‘ . workpiece conveying
5 robotfwith end-effector O
6  manupl load station, fixture CBS;altion where loading and unloading occurs
7 laser $canner (AOPDDR) %
8 conve %\

fyor

9 perimleter guard ( of the guard is shown)
X
Y
Z

entry exi&i tection zone

Figure J.7 — Laser scanner (AOPDDR) with three detection zones

Figure ].8 shows the use of multiple zone sequencing with three light curtains (AOPD). A vertical light curtain
detects intrusion (Z) to the manual load station (6) area. A horizontal light curtain detects presence in the
fixture or manual load station area (Y). The vertical light curtain (X) has two purposes: detect intrusion by
the robot application and detect intrusion by operator into the robot cell. Sequencing is used to determine if
the operator leaves the fixture or manual load station area.
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%erd is shown)

perimleter guard (not all t
ifvdetection zone

inner pertical light cur,
loadir]g area horiz ight curtain detection zone
entry{exit verti@?ﬁht curtain detection zone

9 T Z ------------ 7 9
a) Operator loading workpiece

Key &Q\

1 industrial rol_)ot application Fransfe_rring to ind 1 rpbot application procgssing at manual load/
convepor while an operator is loading a workpiece unload station while no operator is present

o  Operafor loading the workp_iece into the fixture . @ﬁrat_or performing other tasks and not detected within
or mapual load/unload station ~\"detection zones X, Y or Z

3  workpiece loading \O workpiece processing

4  workpiece transferring to the conveyor ~\\0 workpiece conveying

5 robotwith end-effector . C)

6  manu§l load station, fixture or locati here loading and unloading occurs

7 light qurtain (AOPD), 3 total wit rtical and 1 horizontal installations

8 convejor

9

X

Y

Z

Figure %&Y Multiple light curtains (AOPD) including one (1) AOPD (“X”) inside a manual load/
unload station

].2.10 Example of dimensions of openings for whole body and toehold or footstep access

Figure ].9 shows two illustrations of a manual load/ unload station. The top illustration is before applying
guard(s) to prevent access. Both illustrations show a manual load/ unload station that is at an ergonomic
height and with an opening width sufficient for operators to have space for their hands to manipulate and
position the workpiece.

The bottom illustration shows one example of guarding (D) to prevent whole body access through openings
in a structure or manual load/ unload station or fixture. This space is reduced by the guard “E” to minimize
the likelihood of that area being used for access. The A and B opening sizes are described in ISO 13857:2019,
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