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Foreword

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

fenance are
bded for the
ce with the

editgrial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Atteption is drawn to the possibility that some of the elements of this document‘may be the subject of
patept rights. ISO shall not be held responsible for identifying any or all suchipatent rights. Details of any
patent rights identified during the development of the document will berin the Introductioph and/or on
the ISO list of patent declarations received. www.iso.org/patents

Any|trade name used in this document is information given for thé_convenience of users ajnd does not
congtitute an endorsement.

The [committee responsible for this document is ISO/TC\184, Automation systems and |integration,
Subdommittee SC 2, Robots and robotic devices.
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Introduction

This International Standard has been developed in recognition of the particular hazards presented by
newly emerging robots and robotic devices for new applications in non-industrial environments for
providing services rather than manufacturing applications in industrial applications. This International
Standard focuses on the safety requirements for personal care robots in non-medical applications.

This International Standard complements ISO 10218-1, which covers the safety requirements for robots
in industrial environments only. This International Standard includes additional information in line
with ISO 12100 and adopts the approach proposed in ISO 13849 and IEC 62061 to formulate a safety
standard forrobutsamd Toboticdevices i persomnal tare to specify the comditions for physicattroman-

robot contaft.
This International Standard is a type-C standard, as stated in ISO 12100.

When a type-C standard deviates from one or more technical provisions dealt with\by type-A ar by
type-B standards, the type-C standard takes precedence.

Itis recognized that robots and robotic devices in personal care applications require close human-rjobot
interaction pnd collaborations, as well as physical human-robot contact.

The robots|or robotic devices concerned, and the extent to which hazards, hazardous situations or
hazardous ¢vents are covered, are indicated in the scope of this Interfiational Standard.

Hazards ar¢ well recognized, and the sources of the hazards arge frequently unique to particular rjobot
systems. The number and types of hazards are directly related to'the nature of the robot applicatior}, the
complexity pf the installation, and the level of human-robotifiteraction incorporated.

The risks agsociated with these hazards vary with the type of robot used and its purpose, and the|way
in which it is installed, programmed, operated, and maintained.

Not all of the hazards identified by this International Standard apply to every personal care r¢bot,
nor will the level of risk associated with a givewhazardous situation be the same from robot to r¢bot.
Consequently, the safety requirements, and/or protective measures can vary from what is spedjfied
in this International Standard. A risk assessment is conducted to determine the protective meagures
needed when they do not meet safety- requirements and/or protective measures specified in|this
Internationpl Standard, and for the(particular application being considered.

In this Intennational Standardthe following verbal forms are used:
“shall” Indicates a reqdirement;
— “should’ indicates ‘@ recommendation;

— “may” ipdicates a permission;

— “can” indicates a possibility or a capability.

In recognition of the variable nature of hazards with personal care robot applications, this International
Standard provides guidance for the assurance of safety in the design and construction of the non-medical
personal care robot, as well as the integration, installation, and use of the robots during their full life
cycle. Since safety in the use of personal care robots is influenced by the design of the particular robot
system, a supplementary, though equally important, purpose is to provide guidelines for the information
for use of personal care robots and robotic devices.

The safety requirements of this International Standard have to be met by the manufacturer and the
supplier of the personal care robot.

Future editions of this International Standard might include more specific requirements on particular
types of personal care robots, as well as more complete numeric data for different categories of people
(e.g. children, elderly persons, pregnant women).
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Robots and robotic devices — Safety requirements for
personal care robots

1 Scope

This International Standard specifies requirements and guidelines for the inherently safe design,

prot
type

Thes
or cg
prov
level

This
pers

This
as p{

This
This

NOT

ECtive measures, and mformation for use ol personal care robots, In particular the 1oll
s of personal care robots:

mobile servant robot;
physical assistant robot;
berson carrier robot.

e robots typically perform tasks to improve the quality of life of.ihtended users, irresp¢
pability. This International Standard describes hazards associated with the use of these

wing three

ctive of age
robots, and

ides requirements to eliminate, or reduce, the risks associated with these hazards to af acceptable

. This International Standard covers human-robot physicakecontact applications.

International Standard presents significant hazards and describes how to deal with them for each

pnal care robot type.

International Standard covers robotic devices.used in personal care applications, which
ersonal care robots.

International Standard is limited to earthbound robots.
International standard does not apply to:

Fobots travelling faster than 20 km/h;

Fobot toys;

ivater-borne robots dnd flying robots;

ndustrial robot$;which are covered in ISO 10218;
Fobots as medical devices;

military or public force application robots.

J The safety principles established in this International Standard can be useful for these

abovg.

are treated

robots listed

The scope of this International Standard is limited primarily to human care related hazards but, where
appropriate, it includes domestic animals or property (defined as safety-related objects), when the
personal care robot is properly installed and maintained and used for its intended purpose or under
conditions which can reasonably be foreseen.

This International Standard is not applicable to robots manufactured prior to its publication date.

This International Standard deals with all significant hazards, hazardous situations or hazardous events
as described in Annex A. Attention is drawn to the fact that for hazards related to impact (e.g. due to a
collision) no exhaustive and internationally recognized data (e.g. pain or injury limits) exist at the time
of publication of this International Standard.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 2631 (all parts), Mechanical vibration and shock — Evaluation of human exposure to whole-body

vibration

ISO 3746, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Survey method using an enveloping measurement surface over a reflecting plane

IS0 3864-1,|Graphical symbols — Safety colours and safety signs — Part 1: Design principles for safety.
and safety markings
1SO 4413, Hydraulic fluid power — General rules and safety requirements for systems and their compor

[SO 4414, PH
[SO 4871, A
ISO 7000, G
ISO 7010, G
ISO 8373:2(

ISO 11202,
pressure ley
corrections

[SO 12100:7

ISO 13849-
for design

ISO 13850,
[SO 13854,

1SO 138551
of the huma

ISO 13856 (|

ISO 13857,
lower limbs

[SO 14118, §

eumatic fluid power — General rules and safety requirements for systems and.their compof
Coustics — Declaration and verification of noise emission values of madhinery and equipmd
raphical symbols for use on equipment — Registered symbols

raphical symbols — Safety colours and safety signs — Registeréd safety signs

12, Robots and robotic devices — Vocabulary

Ucoustics — Noise emitted by machinery and equipment — Determination of emission s
els at a work station and at other specified positions applying approximate environm

010, Safety of machinery — General principles for design — Risk assessment and risk redu

|, Safety of machinery — Safety-related parts of control systems — Part 1: General prind

bafety of machinery — Emergency stop — Principles for design

bafety of machinery — Minimum gaps to avoid crushing of parts of the human body

h body
nll parts), Safety’ of machinery — Pressure-sensitive protective devices

Safety of\machinery — Safety distances to prevent hazard zones being reached by upper

bigns

ents
ents

bnt

bund
bntal

Ction

iples

Safety of machinery'<! Positioning of safeguards with respect to the approach speeds of parts

and

dfety of machinery — Prevention of unexpected start-up

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

selection

ISO 14120, Safety of machinery — Guards — General requirements for the design and construction of fixed
and movable guards

SO 15534 (all parts), Ergonomic design for the safety of machinery?

[IEC 60204-1:2009, Safety of machinery — Electrical equipment of machines — Part 1: General requirements

[EC 60335-1, Household and similar electrical appliances — Safety — Part 1: General requirements

1)

users of the robot, especially for elderly people and children.

2

© ISO 2014 - All rights res
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[EC 60335-2-29, Household and similar electrical appliances — Safety — Part 2-29: Particular requirements
for battery chargers

IEC 60417-1, Graphical symbols for use on equipment — Part 1: Overview and application

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requirements

IEC 61140, Protection against electric shock — Common aspects for installation and equipment

IEC 61496 (all parts), Safety of machinery — Electro-sensitive protective equipment

IEC 62061:2012, Safety of machinery — Functional safety of safety-related electricaly éle
progirammable electronic control systems

[EC

3 [Ferms and definitions

For
follo|

3.1
autg
abili

[sou
3.2

robot

actu
itse

[sou
3.3

robotic device

actu
lack

[sou

3.4
sery
robo

appl

2471, Photobiological safety of lamps and lamp systems

the purposes of this document, the terms and definitions given it ISO 12100, ISO 83
wing apply.

nomy
Ly to perform intended tasks based on current statend sensing, without human intery

RCE: ISO 8373:2012, 2.2]

hted mechanism programmable in two«oPmore axes with a degree of autonomy (3.1) md
hvironment, to perform intended tasks

RCE: ISO 8373:2012, 2.6, modified]

hted mechanism fulfilling the characteristics of an industrial robot or a service rob
ng either the numbBer of programmable axes or the degree of autonomy (3.1)

RCE: ISO 8373:2012, 2.8, modified]

ice robot
t (3.2)~that performs useful tasks for humans or equipment excluding industrial
cations

ctronic and

73 and the

rention

ving within

pt (3.4), but

automation

[SOURCE: ISO 8373:2012, 2.10, modified]

3.5

mobile robot
robot (3.2) able to travel under its own control

[SOURCE: IS0 8373:2012, 2.13, modified]

3.6

hazard

pote

ntial source of harm

[SOURCE: ISO 12100:2010, 3.6, modified]
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3.7
risk

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

[SOURCE: ISO 12100:2010, 3.12]

3.8
risk assess

ment

overall process comprising a risk analysis and a risk estimation

[SOURCE: ISO 12100:2010, 3.17, modified]

3.9
safe state
condition o

[SOURCE: I§

3.10
safety-rel

a personal care robot (3.13) where it does not present an impending hazard (3.6)

0 10218-2:2011, 3.11, modified]

ed part of a control system

a
part of a ctntrol system that responds to safety-related input signals and.geénerates safety-rel

output sign
[SOURCE: I§

3.11

verificatiol
confirmatio
care robot (

[SOURCE: I

3.12

validation
confirmatia
use or appli

[SOURCE: I
3.13

hls

0 13489-1:2006, 3.1.1, modified]

N
n through the provision of objective evidence thatthe specified requirements of the per:
B.13) have been fulfilled

09000:2005, 3.8.4, modified]

n through the provision of objective evidence that the requirements for specific inte
cation of the personal care robot (3.13) have been fulfilled

09000:2005, 3.8.5 modified]

personal ¢

re robot

service robot (3.4) that performs actions contributing directly towards improvement in the quality d
of humans, pxcluding médical applications

Note 1 to enffry: Thisanight include physical contact (3.19.1) with the human to perform the task.

Note 2 to enffry:Aypical types of personal care robots include: mobile servant robot (3.14), physical assistant
(3.15) and pdrsen carrier robot (3.16).

ated

onal

nded

flife

robot

3.14

mobile servant robot
personal care robot (3.13) that is capable of travelling to perform serving tasks in interaction with
humans, such as handling objects or exchanging information

3.15

physical assistant robot
personal care robot (3.13) that physically assists a user (3.26) to perform required tasks by providing
supplementation or augmentation of personal capabilities

© ISO 2014 - All rights reserved
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3.15.1
restraint type physical assistant robot
physical assistant robot (3.15) that is fastened to a human during use

EXAMPLE This includes wearable suits or non-medical physical assistance exoskeletons.

3.15.2
restraint-free type physical assistant robot
physical assistant robot (3.15) that is not fastened to a human during use

Note 1 to entry: This allows free holding/releasing of the robot by the human in order to control or stop the
physical assistance. Examples include power assisted devices and/or powered walking aids

3.16
pergon carrier robot
perspnal care robot (3.13) with the purpose of transporting humans to an intended destinatiion

Note|1 to entry: It might possess a cabin and might be equipped with a seat and/or standing support (or similar).

Note|2 to entry: In addition to humans, transportation might include other objects, e.g. pets and property.

intefruption of operation that allows an orderly cessation of motion for safeguarding purpdses

volume which can be swept by the moving parts of the@obot (3.2) as defined by the manufdcturer, plus

Note|1 to entry: For mobile platforms, this volume ca®' be defined by the physical boundaries through which the

restricted space
portjon of the maximum space(3.18.1) confined by limiting devices that establish boundaries which will
not he exceeded by the robot (8.2)

Note|1 to entry: For mohilerobots (3.5), this volume can be limited by special markers on floors and walls, or by
software limits (3.27) defined in the internal map of the robot or facility (maximum space).

Note|2 to entry: Sée'Figure 1.
[SOURCE: 1S©'8373:2012, 4.8.2, modified]

3.18.3
monitored space
space observed by sensors available to the personal care robot (3.13) in which a safety-related object
(3.21.1) is detected

Note 1 to entry: Monitored space can reach beyond the maximum space (3.18.1) and can be defined by a collection
of mobile sensors on the robot and stationary sensors in and outside the maximum space.

Note 2 to entry: This space can be static or dynamic depending on the personal care robot and its application.

Note 3 to entry: See Figure 1.

© IS0 2014 - All rights reserved 5
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3.18.4

safeguarded space

space in which the personal care robot (3.13) initiates a safety-related function if a safety-related object
(3.21.1) is detected within it

Note 1 to entry: Examples of safety-related functions include trajectory changes, speed reduction, protective stop
(3.17), force limiting.

Note 2 to entry: Annex C provides more details on possible implementations of algorithms for the speed reduction.

Note 3 to entry: Space can be static or dynamic, depending on the personal care robot, its application and its
(dynamic) shape

Note 4 to entjry: See Figure 1.

3.18.5
protective [stop space
space in whjch the personal care robot (3.13) will perform a protective stop (3.17) if a sqfety-related opject
(3.21.1) entprs it

EXAMPLE Examples of operational spaces for some different personal care robots-are presented in Anrlex

Note 1 to enfry: Space can be static or dynamic, depending on the personal carerobot, its application and its
(dynamic) sHape.

Note 2 to enflry: See Figure 1.

3.19.1
contact
zero distange between robot (3.2) and an object in its extetnal environment

3.19.2
non-contagt sensing
detection of measurement capability that doesnet require touching objects (including humans) i the
environmeript

3.19.3
contact sensing
detection qr measurement capahility that requires touching objects (including humans) in| the
environmeript

3.194
unintended contact
unplanned fouching between personal care robot (3.13) and object while performing the intended fask

3.19.5
allowed coptact
any touchinIg With the personal care robot (3.13) that is permitted by the manufacturer

3.20

relative speed

magnitude of the difference between the velocity vectors of the robot (3.2) and an object (including a
human) about to be touched

Note 1 to entry: The robot velocity is the vector sum of velocities of the robot body and its moving parts.

3.211
safety-related object
human, domestic animal, or property to be protected from harm

Note 1 to entry: The kinds of domestic animals (especially pets) and property to be protected depends on the
intended use of the personal care robot.

6 © ISO 2014 - All rights reserved
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3.21.2

safety-related obstacle

object, obstacle, or ground condition which can cause harm if it comes into contact or collision with the
robot (3.2)

3.21.3

safety-related speed limit

upper boundary of speed that a certain point (body location) of a personal care robot (3.13) may reach
without creating an unacceptable risk (3.7)

Note 1 to entry: In the definition, speed can be absolute or relative to the point of interest.

3.21{4

safety-related force limit
uppér boundary of force that a certain point of a personal care robot (3.13) can exert againstja human, or
othefr surrounding objects without creating an unacceptable risk (3.7)

3.21{5

safety-related surface condition
surface condition

advdrse conditions of travel surface for a mobile personal care roboty3:13), for which hazands (3.6) can
be identified in the risk assessment (3.8)

EXAMPLE Surface conditions by which a person carrier robot f3:16) might roll over or slip cauding injury or
damjge.

3.22
manual control device
humian operated device connected into the control\circuit used for controlling the persondl care robot
(3.13)

[SOURCE: IEC 60204-1:2009, 3.9, modified]
Note|1 to entry: One or more manual controldevices attached to a panel or housing form a command flevice (3.23).

3.23
command device
devife that enables the operator'(3.25) or a user (3.26) to control the robot (3.2)

3.241

manual mode
operfational mode inywhich the robot (3.2) is operated by direct human intervention via, for example,
pushbuttons or_a&joystick

Note|1 to entiy:/This mode is usually used for teaching, tele-operation, fault-finding, repair, cleaning, etc.

[SOYRCE: 1S0O 8373:2012, 5.3.10.2, modified]

3.24.2

autonomous mode

operational mode in which the robot (3.2) function accomplishes its assigned mission without direct
human intervention

EXAMPLE Mobile servant robot (3.14) waiting for an interaction (a command).

3.24.3

semi-autonomous mode

operational mode in which the robot (3.2) function accomplishes its mission with partial human
intervention

EXAMPLE Physical assistant robot (3.15) that tries to correct the human-chosen path to avoid collisions.

© ISO 2014 - All rights reserved 7
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3.25

operator

person designated to make parameter and program changes, and to start, monitor, and stop the intended
operation of the personal care robot (3.13)

[SOURCE: ISO 8373, 2.17, modified]

3.26

user

either the operator (3.25) of the personal care robot (3.13) or the beneficiary of the service provided by
the personal care robot

Note 1 to entlry: In some applications, a user could be both the operator and the beneficiary.

3.27
software limits
restrictiong to one or more operational parameters of the robot (3.2) defined in the control system

Note 1 to enflry: Software limit can restrict operating spaces, speed, force, etc.

3.28
singularity
occurrence[whenever the rank of the Jacobian matrix becomes less than{full rank

Note 1 to entfry: Mathematically, in a singular configuration the joint velocity in joint space might become infinite
to maintain (artesian velocity. In actual operation, motions defined in Cartesian space that pass near singulafities
can produce fhigh axis speeds which can lead to hazardous situations.

Note 2 to enfry: The Jacobian matrix is typically defined as a matrix of the first order partial derivatives gf the
robot’s degrges of freedom.

[SOURCE: 130 10218-1:2011, 3.22, modified]

3.29
electro-sernsitive protective equipment
ESPE
assembly of devices and/or components\working together for protective tripping or presence-ser}sing
purposes, apd comprising as a minimum

— asensing device;
— controlling/monitoring{devices;
— output pignal switching devices and/or a safety-related data interface

Note 1 to enfry: The safety-related control system associated with the ESPE, or the ESPE itself, might fufther
include a secpndaryrswitching device, muting functions, stopping performance monitor, etc.

Note 2 to entry:A safety-related communication interface can be integrated in the same enclosure as the EJPE.

[SOURCE: IEC 61496-1:2004, 3.5, modified]

3.30

pressure-sensitive protective equipment

PSPE

assembly of devices and components triggered using the “mechanical activated trip” method to provide
protection under hazardous situations

Note 1 to entry: Examples of PSPE are pressure sensitive mats and floors, bumpers, pressure sensitive edges and
bars.

Note 2 to entry: PSPE generate a stopping signal by the use of different techniques, e.g. mechanical contacts, fibre-
optic sensors, pneumatic sensors.

8 © ISO 2014 - All rights reserved
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4 Risk assessment

4.1 General

For risk assessment all requirements of ISO 12100 shall apply. This provides requirements and guidance
in performing risk assessment, including risk analysis based on hazard identification. In performing the
risk assessment, the decision of whether a risk is acceptable or not depends on the application and the
intended use of the personal care robot.

ISO 12100 includes general lists of hazards for machinery, from which the list of hazards for personal
care robots presented in Annex A is derived

4.2 | Hazard identification

The hazard identification shall be carried out to identify any hazards that might be presentinja particular
perspnal care robot. Annex A contains a list of typical hazards that can be priesent with the personal
care[robots described in this International Standard. This list should notrbe’considered all-inclusive
and ppecific personal care robot systems might also present other hazardsas a result of their particular
design, intended use or reasonably foreseeable misuse. An applicatiomyhazard identification process
shall] be performed for each design, and shall give particular considekation to:

a) pncertainty of autonomous decisions made by the robot andpossible hazards from wrorlg decisions;

b) different levels of knowledge, experience and physical*conditions of users and otHer exposed
persons;

c) hormal but unexpected movement of the personal care robot;

d) pnexpected movement (e.g. jumping in frent of the personal care robot from the side or from a
higher level) of humans, domestic animals-and other safety-related objects;

e) pnintended movement of the personal-care robot;
f) pnexpected travel surfaces and environmental conditions in the case of mobile robots;
g) pncertainty of safety-related-objects to be handled in the case of mobile servant robots

h) ronformity to the human/anatomy and its variability in the case of physical assistanf robots and
person carrier robots.

Where appropriatesthe risk assessment shall consider in particular, manipulators and end{effectors of
the personal care’robot, and they shall be given the same requirements as for the robots.

4.3 | Risk-estimation

A ridkeestimation shall be carried out on those hazards identified under 4.2, with careful atfention paid

to various-situations wharatho narcanal carn oot ooy contact cafntyy vwalatrnd alhinctc
A euSs-SHHa e R s wWhRere e persohar care Feop oty contactSarety-rerate ao08jeess:

After all inherently safe design and protective measures have been adopted, the residual risk of the
personal care robot shall be evaluated and proven that it is reduced to an acceptable level.

Appropriate risk estimation methods shall be designed, on a case-by-case basis. The results of the
estimation shall be drawn upon to show that the event (e.g. allowed contact between a robot and safety-
related obstacles, or other safety-related objects), does not cause any unacceptable risk. If numeric values
for risk assessment are used for specific applications, an appropriate validation of the test/measurement
methodology shall be provided. If numeric values from other sources are used for risk estimation, it
shall be validated that referring to them is appropriate.

NOTE1 Human-robot interaction and impacts research studies have been carried out on pain tolerance limits

of adults and robot-human collisions on various parts of the human body to study significant injury mechanisms
(see Bibliography).
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NOTE 2  More complete numeric data for different categories of people (e.g. children, elderly persons, pregnant
women) and personal care robot application (e.g. mobile servant, physical assistant, person carrier) are being
determined and will be included in a future edition of this International Standard. Some work in this direction has
commenced for industrial robots, which will be published as ISO/TS 150662) to assist in the design of workplaces

with collaborative robots.

5 Safety requirements and protective measures

5.1 Gene

ral

Personal ca
with a pers
the robot s
addition, th
not signific

When risks
Standard, o
achieve atlq

Measures s
other safety

safety for c¢ntinuous use of the robot as much as reasonably practicable.

Personal ca
e.g. motor vj

A personal ¢
for its appli

a)
b) protect
c)

NOTE |
are familiar

inherer

inform

g

J

The use of
process beg
whereas ex
and inform:

Inherently §

ETODOTS STatt Conform to the Safety TEqUITEIMEtS Of IS Clause. OTCE e Tazards assoc
bnal care robotic application have been identified using the methods described in €lati
hall be designed to ensure that the risk from those hazards is below a toleraplejleve
e machine shall be designed according to the principles of ISO 12100:2010 for relevan
int hazards which are not dealt with by this document.

can be eliminated or reduced by measures that are not described in this Internat
ther requirements shall be applied as determined by risk assessment-These measures
astthe same level of risk reduction as the measures described in thisinternational Stang

hall be taken to protect any exposed person and, where relevant, any domestic anim
-related objects near the personal care robot from any hazards, and to ensure the u

re robots might need to adhere to additional standafds'and regulations, where appropj
chicle regulations when person carrier robots are @perating on public roads.

are robotshall be designed according to the principles of ISO 12100 for all hazards ident
Cation, comprising the following:

tly safe design;
ive measures;

htion for use.

vith ISO 12100 before they-apply or use this International Standard.

nherently safe desigh measures is the first and most important step in the risk redu
ause such inherent characteristics of the personal care robot are likely to remain effeq
perience hasishown that even well-designed safeguarding measures can fail or be viol
ition for use'may not be followed.

ated
se 4,
], In
L but

onal
hall
lard.

hl or
ser’s

iate,

ified

0 12100 is indispensable for-the application of this International Standard. It is advisable that fisers

tion
tive,
hted,

afe design measures avoid hazards by reducing or eliminating risks through a suitable ¢

of design fe
the robot.

of each subclause 5.x or 5.x.x respectively.

Adding safeguards, and/or protective measures is the second step of the risk reduction method. As a
large number of risks arise due to the possible dynamic interactions between safety-related obstacles
and the personal care robot, a protective control function of the robot might significantly reduce a
particular type of risk. Requirements for protective measures are provided in subclauses 5.x.3 or 5.x.x.3
of each subclause 5.x or 5.x.x respectively.

When risk reduction is achieved by the use of safety-related control functions, the requirements of
Clause 6 apply.

2) Under preparation.
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Information about the residual risks, after inherently safe design and protective measures have
been incorporated, shall be provided in the instruction handbook. Specific requirements regarding
information for use for each hazard are provided at subclause 5.x.4 or 5.x.x.4 of each subclause 5.x or 5.x.x
(respectively) whereas general requirements regarding information for use are provided in Clause 8.

The satisfaction of the safety requirements of this clause can be verified by one or more methods, such
as:

— A:inspection;

— B: practical tests;

— [: measurement;

— P: observation during operation;

— E: examination of circuit diagrams;

— F: examination of software;

— [G: review of task-based risk assessment;

— H: examination of layout drawings and relevant documents.

Recqmmended methods of verification and validation of yarjous requirements for the| significant
hazgqrds are shown in subclause 5.x.5 or 5.x.x.5 of each subglause 5.x or 5.x.x (respectively) at the end of
eachf clause, in the form of which of the methods (A, B, etcgare applicable, corresponding to the methods
listed above. A description of the verification and validation methods is given in Clause 7.

5.2 | Hazards related to charging battery

5.2.1 General

Ifapersonal care robothas an integratediand built-in battery charging system, persons shall e protected
agaipst hazards due to accidental contact with the charging connections on the robot and |ts charging
systems, which shall be in compliance with IEC 60204-1 or IEC 60335-2-29 as appropriate} and should
be i) compliance with IEC 60529and EN 50272.

Also|the charging system¢shall prevent any hazards arising because of overloading or charging of deeply
discharged batteries.

5.2.2 Inherently safe design

Chayging coiitacts and plugs shall be designed in a way that accidently touching live parts is prevented
(e.g.caps for plugs and outlets).

Voltage between charging contacts shall conform to appropriate standard according to thelapplication
and/or environment of the charging systems, such as IEC 60204-1, TEC 61140, [EC 60335-2-29 and
IEC 61851.

Battery charging currents shall be chosen to be as low as reasonably practicable.

5.2.3 Safeguarding and complementary protective measures
The following measures shall be applied where appropriate:

a) charging systems shall be designed in such a way that the charging connections are only activated
when the personal care robot is connected to them;

b) charging systems shall display the charging status or give a signal when the battery is fully charged;

© ISO 2014 - All rights reserved 11


https://standardsiso.com/api/?name=c2acbba1e852871f04ce083412b3a7c8

ISO 13482:2014(E)

c) charging systems shall be designed in such a way that the correct charging of the battery is
automatically supervised, and thus hazards caused by overloading or charging of deeply discharged
batteries are prevented.

5.2.4 Information for use

Information for use shall contain instructions for battery charging, in particular:

the env

the procedure for charging the personal care robot;

ironmental conditions (e.g. outdoor or indoor charging);

require
approp
5.2.5 Ver

Appropriatg

iment to switch the personal care robot off, or into a certain operational mode;

Fiate warnings.

fication and validation

e method(s) shall be chosen from the following: B, C, D, E.

5.3 Hazards due to energy storage and supply

5.3.1 Contact with hazardous energy parts

5.3.1.1 G¢

A personal
prevented.

The person
the relevant
and of ISO 4

Any expose

A means of]
chemical an
the isolator

5.3.1.2
The followi

a) use of 3
AC and

bneral

care robot shall be designed and constructed so‘that all hazards related with its energ}

hl care robot’s electrical equipment shall be designed and constructed in compliance

413 for hydraulic equipment.
d person shall be protected from direct or indirect contact with live parts on the robot

isolating any hazardous energy sources (e.g. electrical, mechanical, hydraulic, pneun
d thermal) shall be provided. Such hazardous energy sources shall be clearly identified
5 shall be capable of being locked if reconnection leads to a hazard.

Inherently safedesign

hg measures shall be applied where appropriate:

afe extra-low voltage sources for electrical equipment according to IEC 61140 (below
60'V.DC);

y are

with

requirements of IEC 60204-1 for electrical equipment, of ISO 4414 for pneumatic equipment

atic,
and

25V

b) use of low pressures for pneumatic/hydraulic equipment.

Other types of stored energy shall be kept to a level as low as reasonably practicable, to minimize the

hazard.

5.3.1.3 Safeguarding and complementary protective measures

Where guards or enclosures are used to protect from hazardous energy parts, their design shall conform
to appropriate IP class as defined in IEC 60529 for electrical hazards and safety distances of ISO 13857
for other hazards as determined by risk assessment.

Where excessive heat is present, heat dissipation measures shall be applied (e.g. heat sinks, air flow). If
fans are used, fan control devices are recommended.
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5.3.1.4 Information for use

2:2014(E)

Warning markings shall be put on the personal care robot complying with ISO 7010, and their meaning
shall be explained in the information for use.

5.3.1.5 Verification and validation

Appropriate method(s) shall be chosen from the following: A, B, C, E, H.

5.3.2 Uncontrolled release of stored energy

5.3.4

Uncq
asw

A m
cont|

NOT
spriy

5.3.4

Stor

5.3.1
The
a)
b)

5.3.1
Labs

shal
stor

5.3.

App1

.1 General

ntrolled release of stored energy shall not lead to hazard. This applies while the tobot
ell as when the robot is switched off.

eans shall be provided for the controlled release or removal of storédyhazardous
rolled release or removal of stored energy shall not lead to any additienal hazard.

L,

i Stored energy can occur in pneumatic and hydraulic pressure ‘aceumulators, capacito
gs, counter balances, flywheels, etc.

.2 Inherently safe design

bd energy shall be kept to a level as low as reasonablypracticable.

1.3 Safeguarding and complementary protective measures
following measures shall be applied where\appropriate:
buards/covers shall be applied to minimize the risk during any release of energy;

the robot shall be provided with the means to regulate its energy supply so as to pi
heating or over-currents caused by overloads, short circuits, clothes which encomp3
source of the robot, or deviee\malfunction.

.4 Information foruse

Is shall be affixed'to“identify all the stored energy hazards and their locations. Inform4
contain the description of the means, and the procedures for the removal or controlle
ed energy.

.5 Verification and validation

S operating

energy. The

I's, batteries,

event over-
ss the heat

tion for use
d release of

ropriate method(s) shall be chosen from the following: B, D, E, H.

5.3.3 Power failure or shutdown

5.3.3.1 General

Power failure or unintended shutdown of a personal care robot and subsequent re-application of power
shall not lead to unacceptable risk. Special consideration shall be taken to ensure the following.

a) Personal care robots equipped with manipulators shall be designed to ensure that the risks due
to manipulator movement or dropped loads in the event of failure or shutdown of power to the
manipulator are acceptable. This shall be achieved regardless of the type(s) of power supply (e.g.
electrical, hydraulic, pneumatic, vacuum).

© IS0 2014 - All rights reserved
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b) Personal care robots equipped with mobile platforms shall be designed to ensure that the risks due
to robot travel following failure or shutdown of power (e.g. runaway) are acceptable. This shall be
achieved regardless of the robot locomotion mechanisms (e.g. wheels, tracks, legs).

c) Apersonal carerobotthatis capable of cutting its actuation power off temporarily shall be designed
to ensure that the risks due to robot parts or components being dropped are acceptable in case of
power loss or change.

d) Where practicable, if a part of a personal care robot presents a trapping hazard, means shall be
provided to move this part without drive power by a single person. This shall take into account the
full range of potential users to allow their escape or rescue, as determined by risk assessment. If this
is not ppssibie, a complenentary safe guarding measure stiait be appiied:

NOTE IEC 60204-1 gives requirements for electrical power supply.

5.3.3.2 Inherently safe design

The following measures shall be applied where appropriate:

a) use of the “de-energize to apply” principle in the design of braking mechamisnis of all moving pprts;

b) internal storage of sufficient energy to allow recovery to a, safe state following power
failurefshutdown.

To avoid an|unexpected start-up, the requirements of ISO 14118 shall\be met.

5.3.3.3 Sdfeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a) means fo provide an uninterruptable power source shall be made;

b) personal care robots able to trap humans in-isolated locations shall be provided with a means of
summopning assistance powered independently;

c) in case|the available internal energy or stored power (e.g. battery power) falls below a ceftain
threshaqld, the robot shall notify its status to the user and/or operator by means such as apdio,
light, vibration indications, and shall come into a safe state automatically in case the battery ppwer
reacheq a hazardous level.

5.3.3.4 Infformation for-use

The informjation for_{ise shall describe the residual risks relevant to power failure or shutdpwn.

Maintenande procedures can be required following such power failures or shutdowns, if dedmed

necessary by risk-assessment (see 8.4).

5.3.3.5 Vi

Appropriate method(s) shall be chosen from the following: B, D, E, H.

5.4 Robot start-up and restart of regular operation

5.4.1 General

Personal care robots shall not perform any hazardous action immediately upon start up.

14
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5.4.2 Inherently safe design
The following measures shall be applied where appropriate.

a) Duringstart-up the personal care robot shall perform internal control tests to ensure that all safety-
related functions are available. Failure to do so shall avoid any hazardous operation.

b) If the personal care robot’s safety-related functions cannot be performed correctly after start up,
then it shall immediately perform a protective stop.

c) The personal care robot shall start up in a state of restricted speed, force, etc. (see 6.4 and 6.7) and

d) [The personal care robot shall always start up in manual mode, and shall only continue ])peration in

hutonomous mode by means of a mode change as specified in 6.11.1.

If tefting of some safety-related components requires robot motion, the minjmurm motioh necessary
to eqtablish the absence of faulty safety-related components is allowed. Theisks associat¢d with this
motion shall be kept as low as reasonably practicable.

5.4.3 Safeguarding and complementary protective measures
The following measures shall be applied where appropriate.

a) Manipulators, mobile platforms and other moving parts shall be de-activated by saffety-related
Functions at start-up (to prevent any unintended actions):’Application functions shall only be enabled
fit can be positively established, via sensors, that ne hazardous situation exists. This mpasure shall
be applied if the robot is intended to enter autonomous mode immediately after start-up.

b) [[he personal care robot shall always start@p in a monitored standstill and shall on]y return to
hormal operation by means of a user action.

5.4.4 Information for use

Necgssary start-up and restarting: instructions shall be provided in the robot’s information for use
accofding to the measures which have been applied.

5.4.% Verification and validation

Appropriate method(s)shall be chosen from the following: B, D, F.
5.5 | Electrostatic potential

5.5.1 General

The personal care robot shall be designed to avoid all harm to humans and domestic animals caused by
electrostatic potential and discharge.

Electrostatic discharge (ESD) protection shall be sufficient that no personal protective equipment is
required by users.

Any build-up of harmful electrostatic potential shall be discharged.

The personal care robot shall be designed to avoid harmful malfunction due to electrostatic potential
discharge.

NOTE IEC 61000-4-2 gives additional guidance (see also 5.6).
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5.5.2

Inherently safe design

The following measures shall be applied where appropriate:

a) useofc

b) dischar
c)

onductive materials;

ging of outer surfaces by earthing;

5.5.3 Safeguarding and complementary protective measures

other techniques to prevent build-up of electrostatic charge on surfaces or parts that can be touched.

Use of covel
live parts.

5.5.4 Infc

Necessary 1
for use.

5.5.5 Ver
Appropriatg

NOTE IH

5.6 Hazards due to robot shape

5.6.1 Gen

Intended us
the design ¢
that could ¢

Risk assess

EXAMPLE

5.6.2 Inh

Sharp edge;

s of the electrical equipment shall be in compliance with IEC 60204-1 to avoid contatt:

rmation for use

elevant warning signs for ESD from ISO 7010 shall be provided together with the informj

fication and validation
e method(s) shall be chosen from the following: B, C, E.

C 61000-4-2 and ISO 7176-21 contain applicable test methdds.

eral

e case scenarios to perform intended tasks by the personal care robot shall be consider
f the overall shape of the robot, andcof'its external parts, to avoid the potential for accid
ause, for example, crushing, cutting, or severing injuries.

ment shall also consider the.shape of load being carried by the personal care robot.

Exoskeleton straps shall be designed not to cause injuries, e.g. cutting or abrasion.

brently safe design

and points shall be avoided in the design of the personal care robot, according to ISO 12

with

ition

bd in
ents

100.

Holes or gaps in the accessible part of the robot shall be designed so that the insertion of any part df the

human bod

The robot’s

 is prévented, in compliance with ISO 13854 and ISO 15534.

body canno

choosing the robot geometry as well as by restricting the joint limits inherently.

Limiting the load being carried to objects which are not sharp or pointed.

5.6.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a)

hazards and reduce impact hazards (see 4.3, Note 2);

b) use of fixed or movable guards to cover hazardous moving parts;

16
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c) adjustment of the robot speed and behaviour, if hazardous loads (e.g. sharp or pointed objects) are
being carried.

5.6.4 Information for use
Warnings and instructions mitigating shape-related risks shall conform to ISO 12100 and ISO 7010.

The information for use shall contain instructions for protective equipment (e.g. gloves) needed for
handling, using, or operating, etc., the personal care robot.

Where the shape of load being carried can lead to additional hazards, appropriate instructions to deal
withthese Tisksshatl be given.

5.6.% Verification and validation

Appropriate method(s) shall be chosen from the following: A, C, G, H.
5.7 | Hazards due to emissions
5.7.1 Hazardous noise

5.7.1.1 General

Any human near the personal care robot shall be protectedfrom noise (including ultrasoni¢ noise) that
coull directly cause discomfort, stress, hearing loss, loss of balance or consciousness of fthe user, or
similar disorders arising from the robot’s operation,

The [level of acoustic noise emitted by the personal care robot shall be sufficiently low that no special
protgctive equipment needs to be worn.

The personal care robot shall conform to.noise emission standards appropriate to its intended purpose
(e.g.|see ISO 1996, ISO 3740, ISO 11200,:1SO/ TS 15666, ISO 15667).

NOTE Acoustic environmental noise assessment can be found in ISO 1996-1 and ISO 1996-2.

5.7.1.2 Inherently safe désign

ISO/[TR 11688-1 gives general technical information and guidance for the design of low-noige machines.
Spedial care shall be taken in the acoustical design of the robot. The following measures shall be applied
whete appropriate:

a) |ow-noise~component: the personal care robot shall be constructed with componenty which are
nherently’silent in their operation;

b) hpproepriate operational behaviour: robot actions and/or motions shall be designed to bg as quiet as

hracticahle given thoe reauired tasks afthe norcaonal care rohaot:
—aHenttielreguHeataSKSo0+ epe SacaZ

uuuuuuuuu 5 T I pPeroYttartoat T

c) sound-damping materials: the personal care robot shall be constructed with materials that limit
acoustic noise and reduce its emission to the outside environment.

NOTE ISO/TR 11688-2 gives useful information on noise generation mechanisms in machinery.

5.7.1.3 Safeguarding and complementary protective measures
At least one of the following measures shall be applied:
a) additional sound absorbing materials, e.g. foam, baffles, curtains, coatings;

b) use of active noise cancellation (anti-noise) mechanisms.
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5.7.1.4 Information for use

Information for use shall list safeguards and protective measures used for noise reduction, and shall
give appropriate instructions for maintenance. Where necessary, instructions for regular checks of the
emitted noise shall be provided.

5.7.1.5 Verification and validation

Appropriate method(s) shall be chosen from the following: C, D.

The dual-number declaration according to ISO 4871 shall be applied, and the measurement, declaration

and verificaffton of noise emission values shall be made accoralng toISO37460r SO I1202Z,as appropi

5.7.2 Hazardous vibrations

5.7.2.1 G¢
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in use, so th
a) A persd
related

disordd

b) A persd

cause problems for health, comfort, and perception, and vibration between 0,1 Hz to 0,5 Hz w

can cay
ISO 264

The level off
equipment

5.7.2.2 Inherently safe design

This may inl

a) minimi
robot, g

b) selectid
are exp|

5.7.2.3 S3

At least one

pneral

re robot users shall be protected from harmful indirect or direct vibrations from the 1
at their physical conditions are safeguarded during its operation.

nal care robot user shall be protected from harmful vibrations'that could cause vibra
injuries, e.g. tendon inflammation, backache, discomfortneurosis, arthritis, or siy
rs of any kind due to continuous use of the robot.

nal care robot user shall be protected from vibration between 0,5 Hz and 80 Hz which

se motion sickness. Personal care robot desigiis shall conform to all applicable par
1.

vibration from the personal care robot shall be sufficiently low so that no special prote
heeds to be worn.

clude, but not be limited tosthe following measures:

yation of vibration produced by mechanical components in the design of the personal
.g. by reducing eccerntri¢ mass distribution or limiting speed of moving parts;

n and use vibratien'damping materials within the design to limit the extent to which hur
osed to the vibration sources within the personal care robot;

feguarding and complementary protective measures

of the following measures shall be applied:

iate.

obot

fion-
hilar

can
hich
ks of

Ctive

care

nans

a) applica

damping;

tion of active vibration control, e.g. by semi-active damping mechanisms or control-based

b) restriction of the movement of the personal care robot to appropriate velocities which cause no, or
minimal, vibration.

5.7.2.4 Information for use

Information for use shall contain specification of the vibrating components.

5.7.2.5 Verification and validation

Appropriate method(s) shall be chosen from the following: C, D.

18
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5.7.3 Hazardous substances and fluids

5.7.3.1 General

2:2014(E)

A personal care robot user shall be protected from emissions of any poisonous or noxious materials, or
from solvents from the robot body surface or from even within its body if the solvent is highly volatile,
which might cause burns or any kind of irritation (e.g. see ISO 14123-1);

The personal care robot shall be designed so that no hazardous substances and fluids are emitted. The
robot shall be designed such that during normal operation no protective equipment needs to be worn
by the user.

No nIlaterial that might cause allergies should be used at a surface which comes into contact

skin|during normal use of the personal care robot.
NOTE Nickel, chromium and some types of rubber might cause allergic reactions.
5.7.3.2 Inherently safe design

The

5.7.
The

5.7.3

Info
If ne
the 1

3.3 Safeguarding and complementary protective measures

following measures shall be applied as appropriate:

blimination or avoidance of potentially hazardous substances and fluids, e.g. oil, cooliy
Hust arising from brake abrasion within the personal careqobot;

substitution of potentially hazardous substances and. fluids, e.g. oil, cooling fluid,
materials by those which are less harmful or non-hazardous;

Hesign of the personal care robot to contain substances internally rather than releasin
Lhe external environment.

following measures shall be applied-where appropriate:

[luids are needed for operation;
chut-off valves or fuses to’seal leaking fluid pipes;

measures to preventhumans from touching in case of leakage (e.g. covers).

0.4 Information for use

'mation-fer use shall be provided about any hazardous substances inside the personal
cessaryinstructions for taking precautions during use, handling, maintenance, and dis|
obot.shall be given.

lvith human

g fluid, and

and brake

g them into

measures to detect loss of hazardous substances and fluids (e.g. oil) if hazardous supstances or

care robot.
assembly of

If all

ergenic materials are used, the information about the materials shall be provided.

5.7.3.5 Verification and validation

Appropriate method(s) shall be chosen from the following: E, G, H.

5.7.4 Extreme temperatures

5.7.4.1 General

A personal care robot user shall be protected from extreme temperatures (either high or low
temperatures) of the robot or its components that might cause burns, chilblains, stress, discomfort,
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or similar disorders of any kind. To achieve this requirement, the personal care robot shall conform to

ISO 13732.

NOTE

5.7.4.2

Surface temperatures between 10 °C and 43 °C are normally not considered to be extreme.

Inherently safe design

The following measures shall be applied where appropriate:

a)

b) choosin

elimination or avoidance of extreme heat sources within the personal care robot;

gxaatariale cnd bt racti e it S i o

5.7.4.3 S3
The followi
a)
b)

reducin

isolatio|

5.7.4.4

Informatior
temperatur
use, handlixy

5.7.4.5 Vg

Appropriate

S o cCTTarS a it oIrCTr CCATOT C o~V Iorr appTropTt

feguarding and complementary protective measures
hg measures shall be applied where appropriate:
g (or increasing) the surface temperature with an appropriate cooling (ot’heating) sys

n or the application of guards (see ISO 13732).

Infformation for use

for use shall contain warnings and markings on th@ hot/cold parts having exti
es in compliance with ISO 3864-1. If necessary, instructions for taking precautions dy
g, maintenance and disassembly of the personal carerobot shall be given.

rification and validation

e method(s) shall be chosen from the following: C, D.

5.7.5 Hazardous non-ionising radiation

5.7.5.1 G¢

Emissions |

bneral

y hazardous laser light and other electromagnetic wave sources shall be prevented. |

sources other than lasers shall be designed to not exceed the exposure limit for users, in accord

with [EC 62

The use of
application

5.7.5.2

The laser ed

A71.

lasers shall conform to IEC 60825-1, and the lowest possible laser class required by
shall be used;

Inherently safe design

Juipment used shall not exceed class 1 according to IEC 60825-1.

em;

eme
ring

Light
ance

r the

5.7.5.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a)
b)

c)

protect

ive shutters;

interlocking movable guards;

requirements in 6.1;

d)
e)

20

controlling laser-power (e.g. pulse duration, intensity) in compliance with 6.1;

for lasers of class 2 and higher, the protective measures of IEC 60825-1 shall be met.

direction control of laser beams, e.g. avoiding directions where eyes are likely to be according to the
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5.7.5.4 Information for use

Information for use shall provide details of potentially hazardous emissions likely to be encountered
by persons and, where appropriate, domestic animals or property in the operational environments of
the personal care robot. The information for use shall advise not to look directly into light, shall give
information for personal protective devices and other special behaviour. Also markings on the robot

shall be attached, and their meaning shall be described in the information for use.

5.7.5.5 Verification and validation

Appropriate method(s) shall be chosen from the following: C, D, G.

5.7.¢ Hazardous ionising radiation

Pers|
robg
injui

Mec
such
achi

safe
ISO

5.8

5.8.]

For
syst

The
6-2,

NOTE

func
phen

5.8.2

The

immunity requitements of IEC 62061:2012, 6.4.3.

Othd

pnal care robot users and third parties shall be protected from ionising radiation em

ies or disorders.

nanisms producing ionising radiation should not normally be used\in any personal c3
a mechanism is essential for the robot’s application (i.e. where there is no alternativ
bving the application objectives) then special protection requirements shall be develo
y protection measures shall be developed in accordance witlrappropriate standards (e
8925 and ISO 14152).

Hazards due to electromagnetic interference

| General

pll reasonably foreseeable electromagnetic disturbances, hazardous robot motion
bm states shall be prevented.

personal care robot shall conform:to-all relevant standards for EMC (e.g. I[EC 61000-6-1
[EC 61000-6-3, IEC 61000-6-4 and’IEC 60204-1).

In addition, IEC/TS 61000-1-2 might be useful for providing a methodology for the ac
ional safety of electrical-and electronic systems, including equipment, with regard to ele
omena.

»

. Inherently safe design

functions of\the control system described in 6.1 shall be designed to meet the elect

r function(s) of the personal care robot should meet IEC 61000-6-1 or IEC 61000-6-2, ¢

the irltended operating environment.

jtted by the

t or its components. Exposure to such radiation shall be minimized to aveidiany harmfful physical

ire robot. If
b method of
bed. Special
g.1S0 2919,

and unsafe

IEC 61000-

hievement of
tromagnetic

romagnetic

ccording to

5.8.3 Safeguarding and complementary protective measures

The risk shall be reduced to an acceptable level by electromagnetic shielding against incoming radiation.

5.8.4

Information for use

Information for use shall provide necessary information of the property of the radiating electromagnetic
waves as well as the property of the electromagnetic waves which can potentially cause interference.

5.8.5 Verification and validation

Appropriate method(s) shall be chosen from the following: B, C, D.
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5.9 Hazards due to stress, posture and usage

5.9.1 General

Hazards can arise from both physical and mental aspects of using the personal care robot. In addition
to reducing the individual effects as described in 5.7.2 and 5.7.3, the combined effects shall also be
considered in the risk assessment.

5.9.2 Physical stress and posture hazards

5.9.2.1 Gé¢neral

Risk assessment shall identify hazards due to physical stress and posture, and the personal eare ropot’s
design shall ensure that any such risk is minimized. This may be achieved by, but may not be'limitdd to,

the followirng requirements:

a)

b)

5.9.2.2 Inherently safe design

This may iniclude, but not be limited to, the following measures:

a)

b)

<)

5.9.2.3 Sdfeguarding and complementary protective measures

This may iniclude, butnot be limited to, the following measures:

a)
b)

Apersonal care robot shall be designed to minimize or reduce physical stress oristrain to its user due
to cont]nuous use, including but not limited to uncomfortable posture, operational environments
that wquld directly cause physical discomfort, e.g. fatigue and tendon inflammation.

The design of the personal care robot shall take into account typical body sizes of the intepded
user population in order to avoid physically demanding body postutes or to ensure easy operation.
ISO 14738 describes how principles of ergonomic factors, by<construction of workstations| and
machingery, should be applied. This should be considered when:building a personal care robot, where
somebqdy sits on or stands in front of the robot.

the desjgn and location of manual control devices, which should ensure that they can be opeifated
withouf physical stress or discomfort;

the proper ergonomic design and location of the seat, which should ensure that good posture cgn be
maintajned during operation of thépéersonal care robot;

commajnd devices that are detaehable or hand-held instead of being permanently attached t¢ the
persondl care robot in an inappropriate position.

use of shockabsorbing (suspension) mechanisms;

use of gosture supports.

5.9.2.4 Information for use

The information for use shall contain instructions about the correct way to operate the manual control
devices and how to use the personal care robot. The information for use shall include the need for proper
training to avoid operator travel time being longer than recommended.

5.9.2.5 Verification and validation

Appropriate method(s) shall be chosen from the following: A, C, D, H.
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5.9.3 Mental stress and usage hazards

5.9.3.1 General

Risk assessment shall identify hazards due to mental stress and usage, and the personal care robot’s
design shall ensure that any such risk is minimized. This may be achieved by, but may not be limited to,
the following requirements:

a) a personal care robot shall be designed to minimize or reduce mental stress to its user due to
continuous use;

b) [Ser nteriaces such as controls, signalling or data display elements, shall be designed|to be easily
inderstood so that clear and unambiguous interaction between the human and the pgrsonal care
Fobot is possible;

c) the personal care robot shall conform to ergonomics standards appropriate to its intended purpose
[see [SO/TR 9241-100, ISO 9241-210, ISO 9241-400, ISO 9241-920 and 1SO-11228).

5.9.3.2 Inherently safe design
This|may include, but not be limited to, the following measures:
a) provision of adequate lighting;

b) Hesigning the personal care robot to avoid the need forsustained attention in order to dgtect critical
signals as far as reasonably practicable or over long periods of time;

c) pdequate display design;

d) feduction of signal uncertainty and improvement of detectability.

5.9.3.3 Safeguarding and complementary protective measures

Theie are no recommended measurés for safeguarding with respect to this hazard.

5.9.3.4 Information for use

The [nformation for use shall'contain instructions about the correct way to operate the mapual control
devifes and how to use thepersonal care robot. The information for use shall include the neefd for proper
trainjing where necessary.

5.9.3.5 Verifieation and validation

Appropriate-method(s) shall be chosen from the following: A, C, D, H.

5.10 Hazards due to robot motion

5.10.1 General

The risk of hazards due to any motion (intended or unintended) of the personal care robot shall be
reduced to an acceptable level. Robot components shall be designed, constructed, secured, or contained
so that the risks of hazards caused by breaking or loosening are reduced to acceptable levels.

Exposed persons shall be protected from hazardous movement of the personal care robot, e.g. rollovers
and runaways, under normal usage and operation of the robot, curves, inclines, and similar operational
conditions in its working environment.
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5.10.2 Mechanical instability

5.10.2.1 General

Personal care robots shall be designed to have sufficient stability to allow them to be used in their
specified conditions of use. Specific stability requirements for particular robot types in particular
situations are specified in 5.10.6 and 5.10.7.

The personal care robot shall be designed to minimize mechanical instability (e.g. overturning, falling

or excessive leaning when in motion) due to failure or reasonable foreseeable misuse.

The person
by the user

Mechanical

transportatlion, installation, use, de-commissioning, and dismantling).

The person
purpose (e.

Al care robot shall be designed so that No extraordinary actions or procedures are requ
in order to maintain its mechanical stability.

stability shall not be affected in any phase of the robot’s life cycle (including/hand

h] care robot shall conform to mechanical stability standards appropriate to its inte
b. for mobile personal care robots, see ISO 7176-1 and ISO 7176-2 for static and dyn

ired

ling,

nded

hmic

stabilities of wheelchairs).

Stability sh
personal ca

i1l be maintained against static and dynamic forces from any mioving parts and loads of the
e robots (e.g. extendible manipulators).

5.10.2.2 Inherently safe design

The following measures shall be applied where appropriate:

a) designipg the ground support area to be as large as réasonably practicable;

b) designing the centre of gravity of the personal care robot to be as low as reasonably practicable;

c) designing the personal care robot to ensure that mechanical resonance effects cannot ledd to
instability;

d) designipg the masses of moving parts, especially the manipulator, to be as low as reasorfably
practicable,

5.10.2.3 S3feguarding and complementary protective measures

The following measures shallbe applied where appropriate:

a) use of stability contrel;

b) means fo detect'the onset of instability and act (or not) to reduce harm;

c) means faodimit the velocity or range of the manipulator;

d) means to prevent overload.

EXAMPLE
point.

Tilt sensors, harnesses, roll-bars, feedback control, monitoring and controlling the zero moment

Any control systems performing the above functions shall comply with 6.1, in accordance with the
robot’s risk assessment.

5.10.2.4 Information for use

The information for use shall contain limits of use for the personal care robot concerning slope of travel
surface, speed, payload, etc.
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.2.5 Verification and validation

Appropriate method(s) shall be chosen from the following: B, D, H.

NOTE

capabilities.

5.10

5.10

.3 Instability during travel

.3.1 General

2:2014(E)

For lift chairs, ISO 7176 is applicable, but testing of personal care robots could also include user lift

A pefsonal care robot capable of travel shall be designed to ensure that it does not cause anj
rollgvers, runaways, or drops of its body parts or loads being carried during travel. This.shall
l intended travel patterns (e.g. forward/backward travels, rotations, turns/U-turns, ad

for
and
sped

For
spes

For personal care robots that travel autonomously, the control systemshall be designed to el

as reg
Any

RiskK
pers

5.10
The

b)

5.10

decelerations) in its specified operating environments, which is determined-depen
ific application type and design.

personal care robots whose stabilities vary depending on configurations and loads
ds and accelerations shall be determined for each intended situation.,

asonably practicable, travel stability under foreseeable conditions.
human near the personal care robot shall be protected ffeni the robot falling or rolling

assessment shall consider potential hazards due télincorrect positioning of passeng
pn carrier robots.

.3.2 Inherently safe design
following measures shall be applied whéne appropriate:

Hesign of the mass distribution within the personal care robot to ensure that the r
Fall, rollover or overturn, even When travelling at maximum acceleration/deceleratior

bnvironment specified forthe robot;

Hesign of the travel actuators (e.g. wheels, legs/feet) shall ensure that sufficient ad
the terrain is maintained over all terrain types, even on slippery surfaces, etc., as de
specification of intended environmental conditions for the personal care robot;

Hesign of the stability of the personal care robot to ensure that it does not fall, rollover

bnvironmental conditions specified for the robot.

.3.3 Safeguarding and complementary protective measures

 hazardous
be achieved
celerations,
ding on its

, maximum

isure, as far

over.

Prs in or on

bot cannot
or turning

ht maximum speed on theworst case travel surface gradient identified within tlhe intended

hesion with
fined in the

or overturn

when travelling over uneven terrain, up to the worst case limits defined within the intended

The following measures shall be applied where appropriate:

a)

travel surface sensing as described in 6.5.3;

b) the personal care robot shall be able to plan a travel path to perform its intended task based on
environmental sensing technology;

c) means to protect the personal care robot from falling due to different elevations (e.g. stairways,
holes), or from rolling over, shall be provided for the intended operational environments (see
6.5.2.2);

d)

restriction of the dynamics (e.g. speed, acceleration and centre of mass) of the personal care robot

within limits that ensure the robot will not overturn, even when attempting to turn on a worst-case
travel surface gradient identified within the intended environment specified for the robot;
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availab

e)
f)

ility of seat belts in person carrier robots;

appropriate reaction (e.g. a protective stop) if incorrect position is detected;

g)

use of warning signals, e.g. audio, visual, vibrations, or any combination of signals.

continuous sensing of passenger positioning for safe transport in person carrier robots and

Any control systems performing the above functions shall conform to 6.1, in accordance with the

personal ca

re robot’s risk assessment.

5.10.3.4 Information for use

Informatior
operate. Fot
in situation

For person ¢
instruction

helmet, etc.).

Proper tra
acceleration

5.10.3.5 Vgrification and validation

Travel stab
according t
and turfs).

Appropriate
5.10.4 Inst

5.10.4.1 G¢

Changes in
shall not ca

Any human
robot perfo
and movabl

Risk assess
personal ca

For emerge

E loads (e.g. fhuids sloshing in storage containers).

for use shall specify conditions of the environment under which the personal care rohe

5 where the robot performs its tasks, the information for use shall contain warnings.

arrier robots, information for use shall be provided to the user (passenger)with approp
and warnings to encourage the user to wear the protective means provided (i.e. seaf

s/decelerations.

ility performance shall be evaluated under various safety-related surface condil
the results of risk assessment (surface conditions,‘€.g. carpets, metal tiles, plastic lamir

e method(s) shall be chosen from the following: B, D, F.
ability while carrying loads

bneral

the kinematic properties(ofthe personal care robot due to the load (including passen
1se any hazard.

near the personal €are robot shall be protected from falling safety-related objects whel
'ms tasks, as wélbas while carrying up to maximum loads. This shall include uneven |

ment shall,'consider the consequences of dropped loads and any actions required by
re robetin the aftermath of any such event.

ey Operation, the maximum deceleration rate shall be commensurate with emergency

[ can

environmental conditions that might lead to hazardous situations but are likely to'be fopund

Fiate
belt,

ning shall be provided to avoid abnormal and abrupt operations, e.g. sudden tyirns,

ions
ates

rers)

) the
pads

r the

stop

dynamic cr

oo 3 Lo d: tha o % o £l d crolailae A ot 43
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5.10.4.2 Inherently safe design

The following measures shall be applied where appropriate:

a)

grippers or robotic hands), shall be designed to avoid the potential for accidents by lost loads;

b)

‘)
d)

26

use of form fitting designs;
use of passive means of securing loads (e.g. screws, elastic ties, spring-loaded clamp);

limiting devices to avoid handling of loads exceeding the maximum rated payload.

the holders, placement areas, racks, etc., on the personal care robot, but especially end effectors (e.g.
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5.10.4.3 Safeguarding and complementary protective measures

The
a)

following measures shall be applied where appropriate:

loads shall be tied or locked down by bolting or latching devices, or held by a gripping device;

b) the maximum speed and acceleration shall be commensurate with requirements for load stability

during normal operation;

c) for normal operation, including a protective stop or an emergency stop, the deceleration rate shall

be commensurate with requirements for load stability.

Any [control systems performing the above functions shall conform to 6.1, in accordanfe with the

perspnal care robot’s risk assessment.

5.10.4.4 Information for use

Information for use shall contain information about maximum size and/or weight and typé¢ of loads (if

appijopriate), and their limits that may be carried. Where loads require fastening, instructipns shall be

proyided.

5.10.4.5 Verification and validation

The performance of hands, grippers, and fittings shall be detefmined by a series of extreme movements,

e.g. gcceleration, stops, and U-turns of the mobile personal €are robot and fast manipulator movements.

All tgsts shall be carried out with maximum load and withthe maximum speed.

Appropriate method(s) shall be chosen from the following: B, D, F.

5.10.5 Instability in case of collision

5.10.5.1 General

Safety-related objects shall be protected from hazardous movements after or during afcollision. A

collipion between a personal care tobot and any other safety-related obstacle should not causg instability

of thle robot.

a) Riskassessment shalldetermine the allowable maximum values of the appropriate pargmeters (e.g.
rontact force) that have an influence on the risk caused by contact over the entire operatjional range.

b) A personal care robot shall be designed to ensure that it does not cause any hazardoys rollovers,
Funaways, or{detachment of robot body parts, even when it receives any collision forc}!s or safety-
related @bstacle detection signals during its motion, up to the limits specified for its intended
pperation.

5.10.52 Inherently safe design

The following measures shall be applied where appropriate:

a) design of the mass distribution and shape of the personal care robot so that unintended collisions
within the maximum expected limits do not result in overturning;

b) use of soft materials to absorb forces which lead to hazardous instability:.

5.10.5.3 Safeguarding and complementary protective measures

The

following measures shall be applied where appropriate:

a) use of airbags or seat belts to prevent harm, in case the personal care robot overturns;
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b) design of braking performance of the mobile platform of the personal care robot to prevent runaway

under a collision of the maximum expected force (see 6.2.3);

c) design of the motion behaviour of the personal care robot to minimize impact forces (see 6.6);

d) use of safety-related speed control (see 6.4) to minimize instability and high impact forces during

collisions.

5.10.5.4 Information for use

The information for use shall contain details of all parameters that evaluate the extent of potentially

hazardous

5.10.5.5 Vgrification and validation

Appropriat¢ method(s) shall be chosen from the following: B, D, F, G.
5.10.6 Instability while attaching or removing a restraint type physical assistant robot

5.10.6.1 Geé¢neral

Restraint-type personal care robots (e.g. exoskeletons) shall be desighed in a way that stabili
ensured while the robot is attached/removed to/from the user.

Robots thatjremain switched off during attaching/removing shallbe designed in a way that they ca
moved without effort in the required position and that unexpeeted start-up is prevented.

Robots thafl are moved with drive power during attaching/removing shall be designed in such a
that no hazardous movements can occur and forces on;parts of the human body cannot cause any h

5.10.6.2 Inherently safe design
The following measures shall be applied where appropriate:

a) means fo attach/remove the robot£o.the human shall be designed in a way that the human can
in a staple position (e.g. sitting, lying) during the attaching/removing procedure;

b) use of pctuators of sufficiently low power that the user cannot be harmed while attachin
removipg the robot.

5.10.6.3 Sdfeguarding@nd complementary protective measures
The following measuxes shall be applied where appropriate.

a) The rohotshall be designed to detect that the robot is not properly attached to the user. If it i

Ly is

n be

way
arm.

stay

g or

5 not

attacheld properly, the robot shall provide a warning and come to a safe state.

b) During the attaching procedure, the force and velocity of the robot joints shall be restricted to

safety-related speed control (see 6.4) and safety-related force control (see 6.7).

c) The robot shall be designed in a way that intended removal or unintended separation of the r
during normal operation leads to a safe state.

5.10.6.4 Information for use

obot

Information for use shall contain instructions about attaching/removal of the robot to the user, including

necessary configuration of the robot and appropriate environmental and terrain conditions.
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5.10.6.5 Verification and validation

Appropriate method(s) shall be chosen from the following: B, C, D, E, F, G.
5.10.7 Instability during embarkation/disembarkation of a person carrier robot

5.10.7.1 General

Person carrier robots shall be designed to ensure that they do notroll over or run away while a passenger
is getting on or getting off the robot under intended use situations.

5.10.7.2 Inherently safe design
The following measures shall be applied where appropriate:

a) fesign of the mass distribution and shape of the robot so that embarkatien/disembarkation does
hot result in overturning;

b) Hesign of the braking performance of the mobile platform of the person carrier robot to prevent
Funaway during passenger embarkation/disembarkation.

5.10.7.3 Safeguarding and complementary protective measures
The following measures shall be applied where appropriate:

a) the person carrier robot shall be designed to include measures for active stability con{rol that are
rapable of adjusting the balance of the robot to eduinteract any fluctuations to the centye of gravity
Huring passenger embarkation/disembarkation according to 6.1;

b) the person carrier robot shall be “in the appropriate configuration befoge starting
bmbarkation/disembarkation under notmal situations;

c) the person carrier robot shall be designed to be moved into a sufficiently safe configuration to allow
Hisembarkation in emergency situations;

d) Hetectthe presence of passenger in the correct position in or on the robot before start ¢f travel can
be enabled.

5.10.7.4 Information.for use

Information for,suse shall contain instructions about embarkation/disembarkation |procedures
and [precautions-to be undertaken by the user. It shall also contain information about thg necessary
confljguratiof.of the robot for embarkation/disembarkation.

5.10.7-5"Verification and validation

Appropriate method(s) shall be chosen from the following: B, D.
5.10.8 Collision with safety-related obstacles

5.10.8.1 General

Personal care robots shall be designed such that the risk of hazardous collisions with safety-related
obstacles (see 3.21.2) is as low as reasonably practicable (see 4.3, Note 2). A risk assessment shall be
made including procedures of how to manage collisions between a personal care robot and safety-
related obstacles.
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5.10.8.2 Inherently safe design

This may include, but not be limited to, the following measures (see also 5.10.5):

a) physical limitation of the travel speed of the personal care robot to an inherently safe maximum;

b) moving parts shall be designed so that acceptable impact energy cannot be exceeded;

c) use of materials or structures to reduce impact forces to levels that do not cause harm.

5.10.8.3 Safeguarding and complementary protective measures

The followi
a) calcula
accorda
applica
and sp4
sensitiy

NOTE 1

NOTE 2
obstacld
relative

executi
robot’s

b)

c¢) hand-g

all colli

NOTE 3
itis importa
for bumper 4
necessary by

In order to
applied:
use of s

use of s

use of s

5.10.8.4 Infformation for use

Since applicable standards such as the ISQ 13855 series are not intended for small children and inf

ng measures shall be applied where appropriate:

ing a minimum distance between the personal care robot and a safety-related(bstac

[ion, and stop the robot if this distance is not maintained: this can be achieved by pos
ed controlling (see 6.3) or by functions that avoid the safety-related obstacle, e.g. ele
e protective equipment (ESPE)(see 6.5.2.1);

Annex B presents safety criteria for personal care robots.
Annex C presents an example application of a personal care mgbile robot with an safety-re

avoidance capability. The speed of the robot can be controlleddnjthe safeguarded space, wher
velocity of safety-related obstacles is detected and can be uséd for reduced speed control.

hg a protective stop (see 6.2.2.3), when a safety-rélated obstacle is in the personal
protective stop space;

hiding or steering the personal care robot. In:this case, the risk assessment shall consig

ions with the robot can be avoided.

ht that stronger or more demanding requiirements for detection are considered (e.g. lower pre
ctuation, smaller resolution of ESPE in order to detect the smaller limbs of children) when de
risk assessment.

afety-related speed-eontrol (see 6.3);

afety-related force control (6.7);

pfety-related contact sensing (6.5.2.2).

e, in

nce with ISO 13855, while the default human approach speed can vary depending on the

ition
Ctro-

ated

e the

care

ler if

ants,
sure
bmed

reduce the effects of possible collisions, one or more of the following measures shall be

Informatior
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e of

manual control is required for collision avoidance, information for use shall provide the user instructions

required an

d the limits of the applied control measures.

5.10.8.5 Verification and validation

Appropriate method(s) shall be chosen from the following: C, D, E, F, G.
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5.10.9 Hazardous physical contact during human-robot interaction

5.10.9.1 General

When tactile interaction between a human and robot is intended during the use of a personal care robot,
functions to guarantee human safety during the tactile interaction shall be identified by risk assessment
(see 4.3, Note 2). The following aspects shall be taken in consideration:

a) detection of humans in the robot’s maximum space;

b) during the intended tactile interaction, the physical reaction (e.g. contact force) from the robot to
[Tumans shall be designed to e as Iow as reasonably practicable,

c) the personal care robot shall be designed, as far as is reasonably practicable, to.avoid [unintended
factile interaction between human and other parts of the robot other than those’intended for the
nteraction.

5.10.9.2 Inherently safe design

In a]l application tasks involving physical human-robot interaction,-@personal care robot shall be
designed to reduce, as far as is reasonably practicable, any levels of-skin-robot friction, shdar stresses,
dyngmic shocks, torques, arcs of centre of gravity, weight-bearing transfers and supports of the human
body.

5.10.9.3 Safeguarding and complementary protective.measures
The following measures shall be applied where appropriate:

a) poftware-controlled limits to the personal cage robot workspace (see 6.3);

b) Fkpeed restriction and safety-related speed control (see 6.4);

c) force restriction and safety-relatedforce control as (see 6.7).

5.10.9.4 Information for use

Information for use shall pfoyide information about intended tasks and situations for hjiman-robot
interaction, including possible limitations with respect to user groups, environmental condjtions, etc.

Instructions shall be provided as to how users should operate the personal care robot|in order to
avoifl injury, and warnings shall be provided about the potential injuries that might be sustained if the
instructions are Hot obeyed.

5.10.9.5 Verification and validation

Appropriate method(s) shall be chosen from the following: C, D, F, G.

5.11 Hazards due to insufficient durability

5.11.1 General

A personal care robot shall be designed and built in such a way that its durability is ensured throughout
its design life without creating a hazard.

The minimum durability requirements of the personal care robot shall be determined by its risk
assessment. The following shall be taken into consideration:

— mechanical stresses;

— materials and their properties;
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— vibration and other emissions;

— environmental conditions (e.g. thermal, moisture);

— maximum operational conditions derived from operation under extreme situations (like unexpected
turns, accelerations decelerations, and adverse environmental conditions) including foreseeable

misuse

scenarios and situations.

5.11.2 Inherently safe design

This may include, but not be limited to, the following measures:

a) mechar

establis

c) approp

to varig
d) approp
e) the deg
accoun

f) inclusid
5.11.3 Saf
This may in|

a) control

ical failure shall be prevented by adherence to appropriate standards, e.g. ISO 13823;

hed standards);

Fiate fatigue limits shall be applied to the personal care robot’s components that are su
ble stresses;

riate static and dynamic balancing of rotating components;

ign of electrical devices, especially electrical harnesses and connectors shall take
the expected number of use cycles;

n of passive heat dissipation (e.g. by conduction or convection).

touarding and complementary protective meéasures
clude, but not be limited to, the following measures:

functions to monitor/regulate the applied forces as mentioned in 6.7;

b) useof 1ctive heat dissipation methods (e.g. with fans or other cooling systems);

c) where

monito
temper
d) monito
end of1
5.11.4 Infc
Informatioq

personal ca

ecessary, temperatures inside the personal care robot, especially near heat sources sh3
ed: the robot shall react'in’an appropriate way (e.g. shutting itself off in a safe mannsg
bture limits are exceeded,

fe is reached.

rmationfor use

rerobot such as the regular exchange of parts.

b) overlosf prevention measures should be incorporated into a personal care robot’s design, including
those miechanisms described in ISO 12100 (if used, the mechanisms shall conform o,approp

riate

bject

into

1l be
r), if

Fing the life cycle-of-the personal care robot and inform the user when maintenance tine or

for use shall specify maintenance procedures necessary for ensuring the durability of the

If replacement of the electrical connection harnessis required in order to protect the personal care robot
from unwanted electrical noise caused by the harness, the use limit of the electrical connection harness
shall be depicted in the information for use, based on the frequency of the connection/disconnection of

the harness

If electrical power is supplied directly (with electrical cables), the use limit of the electrical connector
shall be depicted in the information for use, based on its frequency of connection/disconnection.

5.11.5 Verification and validation

Appropriate method(s) shall be chosen from the following: B, D, E, H.
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5.12 Hazards due to incorrect autonomous decisions and actions

5.12.1 General

A personal care robot that is designed to make autonomous decisions and actions shall be designed to
ensure that wrong decisions and incorrect actions do not cause an unacceptable risk of harm.

EXAMPLE1 A mobile servant robot grasping the wrong drink and serving coffee instead of water in a cup
might be an acceptable risk, whereas serving a drink in a broken glass might be an unacceptable risk.

EXAMPLE 2 While a person carrier robot making an abrupt and unexpected evasion movementin an area with
smogqthground-mightbe-anaceeptablerisiscmakinganevasionr-mevementinanrareawith-shpperyground might
be anp unacceptable risk.

ptap 5 a a Vo O Ov a a a—vv PP

The [risk of harm occurring as an effect of incorrect decisions can be lowered eithef by in¢reasing the
reliability of the decision (e.g. by better sensors) or by limiting the effect of a wiong decigion (e.g. by
narrowing the limits of use).

5.124.2 Inherently safe design
The following measures shall be applied where appropriate:
a) fonstraining the operational scenarios to reduce risk of harfin’due to incorrect actions;

b) pse of unique identifiers for safety-related objects, travel paths, etc.

5.12.3 Safeguards and complementary protective mieasures
The following measures shall be applied where appropriate.

a) [he capability/reliability of sensors and.sensing algorithms shall be increased to a level where no
inacceptable risk occurs.

b) [dentification algorithms shall be-designed in a way that the probability of a certain defision being
correct (e.g. probability of having“identified a certain safety-related object correctly) if calculated
hnd can be monitored. Decisions with a high uncertainty outcome shall be re-evalpated using
hlternative approaches afndyor additional information. If, after the re-evaluation the pncertainty
Femains unacceptable, external assistance shall be sought or a protective stop shall be |nitiated.

c) Malidity checks shall’be made on decisions which can lead to hazardous situations.

EXAMPLE The correct identification of a safety-related object can be checked by taking intp account the
blace where.itisfound or the time and place where this object was seen the last time.

d) PDecisionsshall be verified by diverse sensing principles.

All gersonal care robot functions implementing requirements a) to d) shall conform to corftrol system
performance requirements described in 6.1, in accordance with the robot’s risk assessmen

5.12.4 Information for use

The limits of use shall exclude situations in which decisions cause an unacceptable risk of any harm,
taking into account foreseeable misuse.

The information for use shall inform about the sensing and decision making capabilities of the personal
care robot, and shall give instructions on how to prevent harm due to wrong actions and decisions.

5.12.5 Verification and validation

Appropriate method(s) shall be chosen from the following: B, C, D, F, G.
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5.13 Haza

rds due to contact with moving components

5.13.1 General

Personal care robots shall be designed so that the risk of hazards caused by exposure to components

such as mot

or shafts, gears, drive belts, wheels, tracks or linkages is acceptable.

Personal care robots shall be designed in compliance with ISO 13857 in order to prevent hazard zones

being reach

5.13.2 Inh

ed by parts of the body.

nrpnﬂy safe dpcign

The followi

a)

b) the per]
shafts,

the per

5.13.3 Saf¢

Hazards du
on the foreg

hg measures shall be applied where appropriate:

Konal care robot shall be designed with moving parts in which components such as n
bears, drive belts, wheels, tracks or linkages are not exposed.

touards and complementary protective measures

eeable frequency of access, in accordance with ISO 14120.

conal care robot shall be designed with the minimum number of accessible meving part

otor

e to moving parts shall be prevented either by fixed guards of.by movable guards, depending

Appropriat¢ method(s) shall be chosen from the following.
a) Where fixed guards are used, the following measures shall“apply:

1) fix¢d guards shall be installed so that they can be'opened or removed only with tools;

2) thejir fixing system shall remain attached tp.the guards or to the personal care robot when the
gugrds are removed, if deemed necessary by risk assessment;

3) where possible, guards shall be incapable of remaining in place without their fixings.

b) Where movable guards are used, thefollowing measures shall apply:

1) mopable guards shall be designed so that they cannot be removed easily, and once op¢ned,
remain attached to the personal care robot;

2) mopable guards shiall be interlocked with the hazardous movements in such a way|that
hazardous movements come to a stop; the control system performing this function phall
corlform to Clause 6 in accordance with the personal care robot’s risk assessment; the ghard
shall remain ¢losed and locked until the risk due to the hazardous machine functions covered
by the guard has disappeared, in accordance with ISO 14119;

c) Enclosyrés,shall be used to provide protection against rotating components.

5.13.4 Information for use

Where fixed or movable guards are incorporated into a personal care robot design, information for use

shall include

all instructions necessary for their correct installation, adjustment and removal.

5.13.5 Verification and validation

Appropriate method(s) shall be chosen from the following: A, B, H.
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5.14 Hazards due to lack of awareness of robots by humans

5.14.1 General

Where risk assessment shows that lack of awareness of robots by humans is a hazard, e.g. where silent
operation can increase the probability of collision with persons, the personal care robot shall emit
noticeable sound to reduce risk without violating other noise emission restrictions.

Where warnings or alarms are used, risk assessment shall be used to balance the risk of hazards due to
silent operation against hazards due to high levels of noise or unexpected noise.

NOTET — Warnings (e.g. acoustical, visual) might annoy the user or any human near the persondl care robot,
causing them to manipulate the robot in order to cease the signal.

NOTE 2  Alternative indications might also be required for users with disabilities, e.g. those wh¢ have visual
impdirment or difficulty with hearing.

5.14.2 Inherently safe design

Where needed, the personal care robot shall be designed in a way‘that it has a highly-noticeable
appdgarance, and produces noticeable sound without reaching harmful noise levels.

5.14.3 Safeguards and complementary protective measures
The following measures shall apply where appropriate:
a) pcoustic emitters shall be provided to warn users-0f potential hazardous situations;

b) warning lights or other optical devices shall-be provided to alert users and third pdrties to the
bresence of the personal care robot;

c) the personal care robot shall stop whilea safety-related object is in its protective stop space, and
shall continue to perform its tasks when it has left.

5.14.4 Information for use

Whedre the manufacturer has'identified a particular hazard relating to lack of awareness, warnings and
advife to users shall be proyided in the information for use.

5.14.5 Verification'and validation

Appropriate method(s) shall be chosen from the following: B, D, F, G.

5.15 Hazardous environmental conditions

5.15-1+—General

Personal care robots shall be designed in such a way that foreseeable environmental conditions during
the intended use do not lead to hazards.

Personal care robots shall be protected from causing hazards due to the presence or build-up of sand
or dust in the environment. Where there is a risk of any hazard caused by dust contamination of the
robot (as determined by risk assessment) then all affected parts, components or subsystems of the robot
shall be designed to achieve a minimum protection rating of IP 6X, as defined in IEC 60529. Where dust
ingress is not a concern, and sand ingress is the only hazard risk (as determined by risk assessment)
then all affected parts, components or subsystems of the robot shall be designed to achieve a minimum
protection rating of IP 5X, as defined in IEC 60529.
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Personal care robots shall be designed to prevent dust-related fires due to high temperature components
(see 5.7.4). The robots shall be designed to prevent hazardous electrostatic charge build-up (see 5.5), to
prevent dust building up on charged outer surfaces.

Personal care robots shall be designed so that water and moisture ingress does not cause any risk.
Where there is a risk of any hazard caused by water or moisture in the robot (as determined by risk
assessment) all parts, components, subsystems and internal enclosures of personal care robots shall
be designed to achieve a minimum protection rating of IP X6 (resistant to pressurized water sprays for
three minutes), as defined in IEC 60529.

If a personal care robot is intended to operate in cold external environments, then it shall be designed

to be toleratof sSTTOW armd fte conditions. Moving parts amnd etectricat compornents sitatt be prevanted

from failurg¢ due to ice build-up. Moving parts shall be designed to be tolerant of water, moisture;‘flust,
and sand. Hlectrical components shall either be sealed against water or moisture, or installed iside

enclosures
against sho

If a given pg

that provide this protection. Electrical power supplies and batteries shall be'prote
"t circuits caused by immersion in water or build-up of moisture.

rsonal care robot might foreseeably operate in coastal areas, in other locations near oc¢

cted

bans,

I the
ially

seas, other
effects of hi
hazardous,

balt water bodies, or in shipboard environments, then its risk assessment shall conside
igh salinity atmospheres and salt-water sprays. If salt corrosion is.assessed to be potent
robots shall be provided with sufficient protection to ensure an‘acceptable level of risk

5.15.2 Inhgrently safe design

The followi
a)
b)
c)
d)

hg measures shall be applied where appropriate:
sealing|of joints and other moving parts;
dust-repistant materials for moving parts;
coating|or sealing of electrical components;

selectid
temper

n of materials and adoption ofcmeasures for inherent protection against exti
htures (see 5.7.4.2);

eme

water- pr moisture-resistant materials;

e)
f)

5.15.3 Safé¢

saline-fjesistant material or codtings, e.g. paints, varnishes or organic coatings.

touarding and comiplementary protective measures
The followi
a)
b)
c)
d)

hg measuressshall be applied where appropriate:
mechanisms to prevent dust build up (e.g. forced ventilation or washing mechanisms);

dust defection'and warning indications to instruct the user to perform the necessary actions;

air filte

ol
3

use of heating to melt snow or ice, or evaporate moisture or small water droplets, so as to dry out
the personal care robot without subsequent hazards;

NOTE1 Melting snow and ice might lead to water/moisture hazards, if not designed correctly.

e) removing water/moisture from surfaces (e.g. using wipers);

f) external removal of snow or ice from surfaces (e.g. by washing with hot water);

g) active detection of snow/ice/cold air conditions, and execution of a protective stop before snow/ice
levels build up to unacceptable levels; the robot shall make an appropriate indication to the user as
to the reason for the stop;
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the personal care robot shall incorporate a safeguard function that ensures the periodic stopping
or shutdown for maintenance (which will typically include inspection and either cleaning or parts
replacement); the robot shall provide indication to the user that it is shutting down for this purpose:
for the purposes of this requirement, the period between shutdowns shall be based on the time
required for unacceptable risk levels being reached due to, for example, corrosion, build up of sand,
dust or snow.

NOTE 2  ISO 4629 provides guidance on the assessment of degradation of paints and varnishes.

5.15.4 Information for use

Where any action by the user is required for the prevention of risks, all necessary actionfs as well as
appropriate materials (e.g. tools, cloths, fluids) shall be provided in the information for.ude. This may

include:

5.15.5 Verification and validation
Appropriate method(s) shall be chosen from the following:-B, C, D, F, H
The

nspection, e.g. with respect to salt corrosion or sand abrasion;
Cleaning for the prevention or removal of sand, dust, snow and ice;
Hrying;

maintenance and replacement of parts.

[P rating of the personal care robot shall be validated in accordance with IEC 60529.

Whaere salt spray tests are necessary, they shall.éonform to ISO 9227. Where corrosion of oftical sensor

surf.
5.16 Hazards due to localization ahd navigation errors

5.164.1 General

hces is significant, they shall be tested in.accordance with 1SO 21227-3.

A pefsonal care robot capable of localization and navigation shall be designed in a way that uncertainty

inlo

ralization and navigation errors does not lead to an unacceptable risk.

Uncgrtainty in localization shall not lead to hazardous movement of the mobile platform qr any other
part|of the robot.1.0calization errors which can cause the robot to enter a forbidden area or to lose

mec

The

hanical stability in a hazardous manner (e.g. by falling downstairs) shall be prevented.

navigation capability of a personal care robot shall be sufficient so that motion planning to any

reachable\goal can be realized, and that the generated path avoids the positions of any|pre-known
safefyrelated obstacles without causing any unacceptable risk of collision and mechanical nstability.

If localization and navigation are used for risk reduction, these control system functions shall conform
to the requirements of 6.1.

5.16.2 Inherently safe design

The following measures shall be applied where appropriate:

a)

b)

designing the personal care robot for environments and tasks where navigation capability is not
needed to reduce risks;

implementation of safety functions for collision avoidance, travel surface sensing, etc., in a way that
navigation capability is not required for safe operation of the personal care robot;
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c¢) where landmarks (natural or artificial) are used for localization, a sufficient number of landmarks
shall be detectable for the personal care robot from any point of its restricted space: the landmarks
or markers used for navigation shall be unambiguous.

5.16.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a) monitoring the stability and confidence of localization and entering a safe state in case of unstable

localization;

b) compersation of UNstablie localization, €.g. by USE of 0GOMETry Or OTNer Sensor data;

c) navigation maps shall be updated with new information (e.g. from internal sensors ot ext¢rnal
sourceq) with a sufficiently high frequency determined by risk assessment, to prewvent fisks
originafing from the use of an outdated map.

5.16.4 Infqrmation for use

Information) for use shall specify the intended environment for operation, and.shall provide information

under which conditions localization errors or navigation errors can occur.

5.16.5 Verijfication and validation

Appropriat¢ method(s) shall be chosen from the following: B, F, G.

6 Safety-related control system requirements

6.1 Required safety performance

6.1.1 General

Where protective measures are implemented through a control system, the requirements of Clayse 6

shall apply.|The required performaneeilevel (PL) or safety integrity level (SIL) of the control sy$tem

functions (glectric, hydraulic, pneumatic, and software) of a personal care robot shall be determingd by
risk assessment, and shall conform.to either ISO 13849-1 or IEC 62061. This shall include verification
and validat{on.

If one or mgre of the folloWitig functions are used for risk reduction, a PL or a SIL shall be definefl for

each of the fised functionsunless 6.1.4 applies:

a) emergency stop(6.2.2.2);

b) protective’stop (6.2.2.3);

c) limits to workspace 6.3 (including forbidden area avoidance 6.5.3);

d) safety-related speed control (6.4);

e) safety-related force control (6.7);

f) hazardous collision avoidance (6.5.2.1, 6.5.2.2);

g) stability control (including overload protection) (6.6, 6.7).

In the following subclauses, two sub-types of each type of personal care robot are defined, representing
two levels of risk. It is up to the manufacturer to decide which category or categories apply.

38

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c2acbba1e852871f04ce083412b3a7c8

ISO 1348

6.1.2 Personal care robot types

6.1.2.1 Mobile servant robot

— Type 1.1: small AND light weight AND slow AND no manipulator.

— Type 1.2: large OR not light weight OR fast OR with manipulator.

6.1.2.2 Physical assistant robot

6.1.2-2:%

2:2014(E)

6.1.7

NOT
with
whic

NOT

.2.2.2 Restraint-free type

D 4. rzad
INCOUI AIIIU Ly PC
[ype 2.1: Low powered physical assistance (user can overpower personal care robot).

[ype 2.2: High powered physical assistance (user cannot overpower personalare robd

[ype 2.3: low powered AND no autonomous mode AND statically stable AND lightweigh

[ype 2.4: not low powered OR autonomous mode OR not statically'stable OR not lightwe

.3 Person carrier robot

hutonomous.

[ype 3.2: multiple passengers OR non-standing:passengers OR outdoor OR uneven surf
Elow OR not lightweight OR autonomous.

E1  Asizeis considered to be “small” if itissufficiently low that a falling or overturning robot g
the upper body of a user (including a sittifng or lying person, depending on the intended use). A m
h can be considered as small is determined by the manufacturer considering intended task and

5
E 2
E

due

and

NOT
as dd

NOT
aslo

NOT

0
weig}ﬂ which can be considergd,as lightweight is determined by the manufacturer considering in|

impact are unlikely and that\a single user can lift the weight to free oneself if being trapped
ser groups.

3 Aspeed is considered to be “slow” if it is below the normal walking speed of the intende
termined by risk'assessment. For a healthy adult, walking speed is usually assumed to be up to|

E 4
v powered is determined by the manufacturer considering intended tasks and user groups.

5~ “Statically stable” assumes that the stability of the robot is maintained during stand-

t AND slow.
ght OR fast.

[ype 3.1: standing, single passenger AND indoor flatsurfaces AND slow AND lightweight AND semi-

aces OR not

annot collide
aximum size
user groups.

A weightis considered tohe “lightweight” if it is sufficiently low that injuries other than njinor injuries

A maximum
fended tasks

d user group
6 km/hr.

A powieris considered to be “low powered” if it is sufficiently low that injuries other than njinor injuries
are unlikely after inherently safe design measures have been applied. A maximum power which can

e considered

still without

driv

pOWer atter INherently sate design Measures nave been appiied. Depending on the intended use of the robot,

this includes maintaining stability of both the user and the robot when the user is in contact with the robot, e.g.
by gripping handles attached to the robot or leaning on the robot.

6.1.3 Required performance level for selected personal care robot types

The performance levels specified in Table 1 define standard performances that are expected to provide
sufficient risk reduction in most applications. However, it does not follow that in all applications safety
functions with these PLs will provide all the required risk reduction. The performance levels specified
in Table 1 shall be met unless 6.1.4 leads to a different requirement.
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Table 1 — Performance levels for personal care robots

Type of robot
Safety functl(;x(]);g::)ersonal €aré | Mobile servant robot Physical assistant robot Person carrier robot
Type1l.1 | Type1l.2 | Type 2.1 | Type 2.2 | Type 2.3 | Type 2.4 | Type 3.1 | Type 3.2
d
6.2.2.2 Emergency stop c d c d d d
(no low risk option)

6.2.2.3 Protective stop b d b d b c c e
6.3 Limits to workspace (incl. forbid- 1
den area avoidance 6.5.3) b d b d a d N/A €
6.4 Safety-relafed speed control b d b b b d c
6.7 Safety-relafed force control b d b3 e4 a b5 N/A NfA
6.5._2.1, 6.5.2.2[Hazardous collision b d N/A N/A b d N/A &
avoidance
6.6,6.7 Stabl_llty control (incl. over- b a2 N/A c b a2 b7 &
load protection])

1 Avoiding|forbidden areas shall have PL d.
2 Ifthe personal care robot is inherently unstable, PL e is required.

3 Ifthe rislf assessment shows that the user might not be able to overpower the personalicare robot due to any partifular
situation (e.g| being unconscious), the Type 2.2 requirement shall apply unless the febot has an inherent limitation that
prevents harin being caused.

4 If other ljmiting functions (e.g. workspace or speed limitation) also provide protection against the same risk, P1. d is
allowed, provfided that all the relevant functions are designed to this level.

5 Ifforce cpntrol is used for collision avoidance or actively holding the pevson, PL d is required.

6 The contfol system shall achieve PL e, but this might not be achjevable for sensing mechanisms. In this case, the fisks
caused by syqtematic failure of sensors shall be reduced as low as reasonably practicable.

7 If the personal care robot is inherently unstable, PL c is required.

6.1.4 Application specific performance level requirements

The results|of a comprehensive risk assessment performed on the personal care robot and its intended
application may determine that safety“related control system performance levels higher or lower fhan
those stated above are necessary for the application, and shall be met.

Selection ofjone of these higher,orlower safety-related performance levels shall be specifically identf{fied,
and appropyiate limitations,ahd-cautions shall be included in the information for use provided with the
affected eqyiipment.

6.1.5 Alt¢rnativeimethods

Other standards\offering alternative performance requirements (e.g. control reliability) may alqdo be
used (e.g. ANSI/RIA R15.06-1999, 4.5.4). When using these alternative standards to design safety-
related contretsystemsaneatuivatentievelof riskreductionrshat-beachieved:

6.2 Robot stopping

6.2.1 General

The personal care robot shall be designed to ensure that it comes to a safe stop without causing any
hazardous rollovers, runaways, or drops of robot parts and loads if there is intentional braking at any
speed.

The halt states can vary depending on a personal care robot type, and thus the halt states of a robot
shall be defined by the robot manufacturer. If the halt state is achieved and maintained by the robot’s
normal speed control function, the function shall conform to 6.6. When the halt state is achieved by an
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independent stopping function, it shall be achieved only by a braking mechanism, to which the following
requirements shall be applied:

a) itshall operate on interruption of the power supply, where applicable;

b) itshall stop the personal care robot within the operating range of the supplied safety-related object
detection device(s), taking into account the specified limits on all parameters, e.g. load, speed, travel
surface coefficient of friction and gradient and expected wear condition of the robot’s parts;

c) it shall maintain the personal care robot, and its maximum allowable load stationary on the
maximum operational travel surface gradient specified by the manufacturer;

d) |tshall operate on loss of critical control functions.
6.2.2 Robot stopping functions

6.2.2.1 General

The [personal care robot shall have a protective stop function, and an(independent emefgency stop
funcftion shall be provided as required by the risk assessment. Optionally these functions can have
provjision for the connection of external protective devices, and an émergency stop outpuf signal may
be provided. Table 2 provides a comparison between emergencystop and protective stop fynctions.

NOTE In some applications, a protective stop includes providing driving power to maintain sysfem stability.
An example of this could be a walking personal assistant robot.

Table 2 — Comparison of emergency and protective stops

Function Emergency stop Protective stop

Purppse Emergency Safeguarding or risk reduction

Stop fategory (IEC 60204-1) Oor1l 0,1or2

Manual, automatic or may be automptically initi-

Initigtion Manual ated by a safety-related function
Is::flt(ljgrelated system perfor- Shall meetperformance in 6.1 Shall meet performance in 6.1

Rese Mapual.only Manual or automatic

Use frequency Infrequent Often to infrequent

Effect Remove power from the actuators to stop propa- Safely control the safeguarded hazafd

gating the hazardous situation

6.2.2.2 Emergency stop

If an[emergency stop capability is required, each command device capable of initiating rob¢t motion or
othefr hazardous situation shall have a manually initiated emergency stop function that:

a) conformstorequirementsof6.1andIEC60204-1,and takes precedence over all other robot controls;
b) causes all controllable hazards to stop;

c) removes drive power from the robot actuators if the robot is in a safe state;

d) provides capability for controlling hazards controlled by the robot system;

e) remains active until it is reset;

f) shall only be reset by manual action that does not cause a restart after resetting, but shall only
permit a restart to occur.

If the provision of an emergency stop button on a command device is not possible (e.g. for speech
interfaces, computer screen-based or remote applications) it shall be ensured that an equal level of
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safety is reached with the existing emergency stop facilities (e.g. button(s) directly on/near the personal
care robot).

Selection of a category 0 or category 1 stop for the function shall be determined from the risk assessment,
according to IEC 60204-1.

The emergency stop device shall be in accordance with IEC 60204-1 and ISO 13850.

The emergency stop performance shall conform to 6.1. The different kinds of personal care robots shall
meet the PLs in Table 3.

' Table-3—Performmance tevelsforemergency stopof persomatcareTobots

Type of robot
Safety functiopns of personal care Mobile servant Physical assistant robot Person carfier ropot
1obots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type 2.4 Type3.1 Type|3.2
d
Emergency stop c d c d d d
(no low risk option)

6.2.2.3 Protective stop

When risks|are mitigated by the use of safety-related control functions, the personal care robot phall
have one of more protective stop functions. The categories of these stop functions (as describgd in
IEC 60204-1) shall be determined by risk assessment for the application.

These stop functions should control the safeguarded hazards by causing a stop of all hazardous rjobot
motion, renjoving or controlling power to the robot drivetactuators, and allowing for the control of any
controlled by the robot system. The stop may be initiated manually or by control logic| The
restart shalll be initiated manually unless risk analysis allows automatic restart.

The protectjive stop function performance shallgonform to the requirements of 6.1.

The personpl care robot may have a protective stop function using stop category 2, as describgd in
IEC 60204-1, that does notresultin drive.power being removed but does require monitoring of the stfand-
still conditipn after the robot stops,-Any unintended motion of the robot in the stand-still condition, or
failure of the protective stop functien should result in a category 0 stop, according to IEC 6020411, as
determined by risk assessment: The stand-still and monitoring function performance shall conform to
6.1. See Table 4.

NOTE This can include_a’monitored category 2 stop function, according to IEC 60204-1, provided by an
electric power drive systent, which corresponds to a safe operational stop according to IEC 61800-5-2.

Table-4 — Performance levels for protective stop of personal care robots

Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot
robots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type 2.4 Type 3.1 Type 3.2
Protective stop b d b d b c c e

6.2.3 Braking performance

The design of the control systems functions that issue a protective stop of the robot’s mobile platform
shall consider the braking performance of the platform, and thus the distance the personal care robot
needs to stop, under all foreseeable travel surface conditions.

Braking performance shall be sufficient so that a hazardous collision with any safety-related obstacle
can be avoided when the personal care robot is travelling at its rated speed and rated load under

42 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=c2acbba1e852871f04ce083412b3a7c8

ISO 13482:2014(E)

specified travel surface conditions. As far as reasonably practicable the robot shall also be able to stop
in front of a safety-related object under the worst expected travel surface conditions as determined by
risk assessment.

One of the following applies.

a) If control system functions are used to evaluate the braking performance of a personal care robot
and/or to set a safety-related speed limit for a particular travel surface, they shall comply with 6.1,
considering all intended operating conditions.

b) The personal care robot shall be able to estimate surface conditions in advance and avoid dangerous
cuvfarn conditione if raacon by v\rqnh'nqbln Thic F"“Ct‘;C“ chall r‘r\mv\lxy 'v“v".fl‘ 61 co sidering al]
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ntended operating conditions.

6.3 | Limits to operational spaces

Figulre 1 illustrates operational spaces for personal care robots.

/ Maximum space \

<
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oaa )

Monitored

space =
_ROBOT.
N

o

Protective stop space

K Safeguarded space /

O

Restricted space

Safety related \ /

object

Figure 1 — Operational spaces for personal care robots

Operational space limitation might be required for risk reduction, for either constraining the personal
care robot motion within a defined volume or for preventing the robot from entering it (inclusion and
exclusion zones using the operational spaces, see Annex B).

Software limits are permitted as a means to define and reduce the restricted space, provided they can
affect a stop of the robot at full rated load and speed. The restricted space shall be bounded by the actual
expected stopping position that accounts for the stopping distance travelled. The manufacturer shall
state the capability in the information for use, and shall disable the software limits if this capability is
not supported.

Control programs that monitor and perform joint and space limiting functions based on software limits
shall conform to 6.1, and be changeable only by authorized personnel. If the software limit is violated, a
safe state shall be initiated. Motion during a limit violation shall be under safety-related speed control, as
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described in 6.4. Active settings and configuration of the safety limits shall be recorded so that changes
to the configuration can be easily identified and reviewed. See Table 5.

Table 5 — Performance levels for limits to workspace control function of personal care robots

Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot
robots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type2.4 | Type3.1 Type 3.2
Limits to won_*kspace (incl. forbid- bl d b d a d N/A R
den area avoidance)
1 Avoiding|forbidden areas shall have PL d.

6.4 Safety-related speed control

Risk assessnent shall determine the safety-related speed limit of the personal care robat, beyond which
the robot njight cause harm. This shall be done by calculating speeds of representative points oLthe
robot’s accdssible moving parts. Only authorized persons shall be able to adjust/allowable maxifnum

speed.

Depending pn the task(s) executed by the personal care robot, different$peed limits can exist, of which
one is active in a given situation. An appropriate way for switching speed limits shall be determingdd by
risk assessment.

The speed of the personal care robot shall be controlled to ensure that the speeds of the moving garts
do not exceg¢d safety-related speed limit.

When provlded, safety-related speed control shall be designed and constructed so that in the event of
a fault, the ppeed of the manipulator’s end-effector and other robot parts shall not exceed the safety-
related spe¢d limits, and a safe state shall be issued@hen a fault occurs. The performance of the safety-
related spe¢d control shall conform to 6.1. See Table 6.

Table|6 — Performance levels for safety-related speed control of personal care robots

Type of robot
Safety functions of personal care Mobile sérvant Physical assistant robot Person carrier ropot
1obots robot
Type/l.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type2.4 | Type3.1 Type|3.2
Safety-related ppeed control b d b b b d c e

6.5 Safety-related)environmental sensing

6.5.1 General

Safety-related environmental sensing shall conform to the requirements of 6.1. The objectives of the
safety-related environmental sensing are the following.

a) Safety-related object sensing: this function shall be applied to avoid hazardous collisions. The
safety-related objects to be detected might include humans, domestic animals, and other objects
in the environment that are safety-related (see Note in 3.21.1). Object detection devices shall be
applied to ensure admissible distances or contact forces between a safety-related obstacle and a
personal care robot.

b) Travel surface sensing: this function includes the sensing of travel surface properties (e.g.
smoothness, roughness and solidity) and travel surface geometry (e.g. flatness, slope, stairs and
gaps), and shall be applied to avoid hazards related to instability.
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6.5.2 Object sensing

6.5.2.1 Non-contact sensing

Non

-contact sensing devices are used to:
ensure minimum operational distances, and/or

reduce the relative approach speed.

2:2014(E)

In order to avoid hazardous collisions and maintain the required level of safety, the following
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Lhe relevant parts of IEC 61496 shall be used.

f ESPE is used as the primary sensing device, it shall have an appropriate reliability in i
hnd mounting shall be in accordance with the personal care robot’s risk €stimation.

When it is required to detect safety-related objects other than persens, other non-con
equipment then ESPE can be applied and the detection capability‘and reliability of such
chall conform to requirements determined by risk assessment.

1 [EC/TS 62046 gives guidance on the application of protective equipment.
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Annex G describes a typical example of how to calculate the relative speed [rom a personal care robot

and a safety-related object moving in a different direction but might collide in the next movement phase.

Table 7 — Performance levels for hazardous collision avoidance control of personal care robots

Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot
robots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type 2.4 Type 3.1 Type 3.2
Hazardous collision avoidance b d N/A N/A b d N/A el

1

The control system shall achieve PL e, but this might not be achievable for sensing mechanisms. In this case, the risks
caused by systematic failure of sensors shall be reduced as low as reasonably practicable.
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6.5.2.2 Contact sensing

Contact sensing is required for many human-robot interaction tasks. For this, the robot has to safely
detect even small contact forces and react to them in an appropriate manner. Where necessary, contact
detection has to ensure following capabilities:

a)
b)

contact shall be detected along the entire robot structure (i.e. on joint level);

the contact forces shall be limited to appropriate values as determined by risk assessment. it is

advisable to obtain these limits by relying on the limits stated in other technical standards and
scientific publications (see Bibliography).
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functional safety performance of the functions which provide stability shall conform to 6.1. The different
kinds of personal care robots shall meet the PLs in Table 8.
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Table 8 — Performance levels for stability control of personal care robots

Type of robot

Safety functions of personal care Mobile servant Physical assistant robot Person carrier robot

robots robot

Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type2.4 | Type3.1 Type 3.2

Stability control (incl. overload b a1 N/A c b a1 b2 a1
protection)
1 Ifthe personal care robot is inherently unstable, PL e is required.
2 Ifthe personal care robot is inherently unstable, PL c is required.
6.7 | Safety-related force control
The [force exerted on a human, or other safety-related objects, by any part of the pefsonal care robot
shall be controlled within the maximum safe contact criteria such as force limits}
Quantitative requirements on the maximum safe contact force/torque should be well-ekamined by
ergonomic experimentation. The limits of the exerted force during unintended contact with a safety-
related object may differ with application, and shall be determined by.risk assessment.
Safefy-related force control shall be achieved by a safety-related contact sensing and reaction scheme
that|brings the personal care robot to a safe state such that thisforce threshold cannot be ekceeded.

The
a)
b)

NOT
Bibli

The

reaction to an unintended contact shall meet at least the.following requirements:
Feacting fast enough for contact forces to remain bélow safety-related force limits;

bringing the personal care robot into a safe state after the contacting incident.
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If force control is used for collision avoidance or actively holding the person, PL d is required.

6.8

Singularity protection

Motions that pass near singularities can produce high axis speeds. These high speeds can be unexpected

and

induce risks to user, to the operator, and to people in the environment.

For personal care robot motions passing near singularities, one or more of the following measures shall
apply:

a)

control the motion through the singularity to avoid any hazard;

b) the robot shall avoid the singularity e.g. by performing an adjustment to the path planning;
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c) stop the robot motion and provide a warning prior to the robot passing through a singularity or
performing an evasion movement during the coordinated motion.

6.9 Design of user interface

6.9.1 General

When command devices (e.g. joysticks, operator control panels, voice and gesture recognition systems,
and/or other means) are used to control the personal care robot’s functions, they shall have an
appropriate reliability in their operation.

Whether tHe command device is tethered or untethered to the personal care robot, its elegtrical
connection [to the robot shall not cause hazards.

Command devices shall provide control of individual or combined robot functions during manual and
semi-auton¢gmous robot control modes.

6.9.2 Status indication

The status pf the command devices shall be clearly indicated at all timesg.e'g. power on, operational
mode, fault|detected. The status should be indicated in a conspicuous location for the operator.

In the case ¢f remote controls, each command device shall clearly identify the parts of the personalfcare
robot to bejcontrolled from that unit. The remote control system-shall be designed and constructed in
such a way fs to affect only:

— the reldted parts of the robot;

— the relqted functions.

6.9.3 Connection and disconnection

On connectjon, disconnection or reconnectign of any command device, whether it is intentional or n¢t, or
if connection problems of the command device occur, the personal care robot shall perform a protegtive
stop if continuing the task can lead to an\tnacceptable risk.

Aremote controlled personal care robot shall be designed and constructed in such a way thatitresppnds
only to signpls from the intended control unit(s).

6.9.4 Single command device for multiple robots

The controlland switching of control for multiple personal care robots with one command device phall
not cause ahy harmto' the user or any exposed person. The command device may control one or 1nore
robots independéntly or at the same time.

It shall be clearly visible to the operator which personal care robot is under the control of the command
device. Every robot to be controlled shall be selected before a command can be sent to it. An unexpected
start up of any unselected robot shall be prevented.

6.9.5 Multiple command devices
If multiple command devices are used, the following shall apply:
a) aclearindication shall be provided for identifying each active command device;

b) each function of the personal care robot shall be controlled by only one command device at any
time, except for the protective stop and emergency stop functions: in the case of a multimodal single
user interface (e.g. simultaneous speech and gesture recognition), the multimodal communication
interface may be considered as one command device;
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c¢) measures shall be applied to prevent hazards derived from conflicting multiple commands;

d) changing the control from one command device to another shall not cause unacceptable risk;

e) when separate functions are activated from different command devices, the control system shall be
designed to avoid the operators causing harm to each other or other safety-related objects;

f) before control can be transferred from one command device to another, an explicit changeover
action shall be necessary;

NOTE This might include situations in which no command device is active (e.g. when the personal care
robotis in a safe state) and any command device is able to take over control.

g) |fappropriate, it shall be clearly indicated on all command devices which one is currentlly active and
iwhich is not.

6.9.6 Cableless or detachable command device

If onp or more cableless or detachable command devices are available to operate the personal care robot,

the following shall apply:

a) |n the case of loss of communication, or when correct control signals are not receivedl, any robot
peing controlled by such a device shall lead to a protective stop if continuing the task cqn lead to an
inacceptable risk;

b) when applicable, the maximum response time for dataicommunication (including error{correction)
hnd for loss of communication shall be considered>for the calculation for the overall stopping
berformance (time), and shall be stated in the information for use;

c) pn command devices in which emergencyStop control devices are integrated, medns shall be
provided to avoid confusion between active'and inactive command devices (e.g. storage of inactive
Hevices in an appropriate location).

6.9.7 Protection against unauthaorized use

If ngcessary, steps shall be taken to prevent unauthorized use of controls or parameter changes,

even| through remote access.(Mgans (e.g. password protection) shall be provided for preyenting any

unauthorized use, as determined by risk assessment; for example, use of anti-vandalism mgthods such
as kpy cards and fingerprint recognition devices to avoid unintended personal care robpt starts or
moves. The manufacturér should consider different levels of access for different users.

6.1(0 Operational modes

6.10.1 General

A pefrsonal care robot shall be designed to operate in one defined mode at one time. If risk|assessment

shows That any changeover between two Modes 1S a potential nazard, then the robot shall perform a

protective stop immediately prior to that mode change. The selection of the mode shall be indicated
unambiguously, and not initiate by itself, robot motion or other hazards.

For all operational modes it shall be clear which safety functions are active and especially which are
disabled. When switching between modes, any suspended safety functions shall be returned to their full
functionality. When provided for safety-related purposes, the operating mode selection function shall
conform to the requirements of 6.1.

Table 10 summarizes the main characteristics of the operational modes of personal care robots.
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Table 10 — Characteristics of operational modes of personal care robots

Characteristic

Operational mode

Autonomous mode

Semi-autonomous mode

Manual mode

Maintenance mode

mobile servant robot

autonomous navigation

Initiation of action By the robot or the user | By the user By the user By an authorized person
Frequency of human once/rare frequently constantly constantly
intervention

Degree of supervision none/very low low to high high high

by the human

Task example Fetch and carry task for | Person carrier robot with |Teaching, tele-operation, |Maintenance

programming and pro-

capability. Human can

gram verification

override speed and direc-
tion

User restricti

Key lock or passworg
protection required.

n none none none

6.10.2 Aut

A personal
safety funct

6.10.3 Manual mode

Manual mo
be used for
for use sh
navigation

A risk asses
be active in

6.10.4 Senpi-autonomous mode

Semi-auton
e.g. steerin
program. In
autonomou

semi-autonj)umous operation,-foeusing in particular on how the intervention starts.

When the
noticeable
audible sou

NOTE T
autonomous

pnomous mode

fare robot moves automatically or autonomously under this operational mode. The requ
ions for the autonomous mode defined by risk assessment shall'be active.

e shall allow a personal care robot to be operated by.hiluman intervention. This modsg
teaching, tele-operation, programming and program-verification of the robot. Informz:
hll contain appropriate instructions and warhings that the operation with ma
cuidance is being performed.

manual mode to mitigate certain hazards.

bmous mode shall allow theser to override or change the personal care robot’s funct
b, hand guiding and human-robot interactive tasks while the robot is performing its
semi-autonomous mode,the autonomous process may also override manual operation
5 collision avoidance function. Risk assessment shall determine the hazards associated

tonomous process overrides the manual operation the personal care robot shall prd

nd, vibratigns) shall be designed to be easily recognized by the operator.

he power assistance by a physical assistant robot is not considered as overriding, wherea

ired

can
ition
nual

sment shall be carried out to determine which safeguards and protective measures should

ons,
task

, e.g.
with

vide

ndication of-the override status to the operator. Override indications (e.g. visible light,

5 the

braking for collision avoidance while the human operator steps on the accelerator is consider

overriding.

bd as

The priority of the autonomous process and manual operation shall be determined by risk assessment.

6.10.5 Maintenance mode

If, for maintenance operations, the personal care robot is required to operate with a guard displaced
or removed and/or a protective device disabled, a maintenance mode shall be provided. When entering
this mode the mode selector shall simultaneously:

a) disable

all other control or operational modes;

b) permit operation of hazardous functions only by control devices requiring sustained action (hold-

to-run)
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c) permit the operation of hazardous functions only in reduced risk (e.g. low speed, low force)
conditions while preventing hazards from linked sequences;

d) prevent any operation of hazardous functions by voluntary or involuntary action on the robot’s
Sensors.

Entry into maintenance mode shall only be possible via appropriate means that locks and exclusively
enables only this mode; e.g. a key operated switch or other means that provides an equivalent security
(e.g. password access).

In addltlon the operator shall control any moving parts only by means of actuating controls or command
devig 6-9- and 6.9.3)
or c3ble- less/detachable command devices (see 6.9. 6) shall not be used while the robot,isyin this mode.
Cablg lengths for tethered controls operating in this mode shall not exceed the maximuim'lgngth, width
or h¢ight of the robot (whichever is greatest), if deemed necessary by risk assessment.

If anl of the above conditions become invalid during operation with guards remeyed, or safety functions
disapled, the personal care robot shall initiate a protective stop in accordance with 6.2.2.3.

NOTE By fixing a personal care robot to a jig to constrain its motion, maiatenance could be poskible without
swit¢hing the robot to the maintenance mode.

Instructions for operation of the personal care robot in this mode,and warnings regarding any hazards
relatled to operation with guards removed, shall be placed in it§ information for use (see Clguse 8).

6.11 Manual control devices

6.11.1 General

Where a command device is realized with manual control devices that initiate power or motion, they
shal] be designed and constructed to meet thie performance criteria mentioned in 6.9.2 to 6{9.6.

6.11.2 Status indication

The ptatus of the manual control devices shall be clearly indicated at all times, e.g. power on,|operational
modg, fault detected. The status,should be indicated in a conspicuous location for the operator.

In the case of remote contrels, each command device shall clearly identify the parts of the p¢rsonal care
robdt to be controlled frem that unit. The remote control system shall be designed and copstructed in
suchla way as to affectonly:

— the parts of the robot in question;
— the functiens in question.

If anfindicator light is used, it shall be meet ergonomic design principles for its installed locgtion and its
colourshall meet the requirements of [EC 60204-1

6.11.3 Labelling

Manual control devices shall be labelled to clearly indicate their function in compliance with ISO 7000.

6.11.4 Protection from unintended operation

Manual control devices shall be designed and constructed so as to prevent unintended operation by
following means:

a) when the personal care robot is placed under manual control or remote control, initiation of the
robot motion or change of the local control selection shall be exclusively performed from one source;
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b) by the use of appropriate designed manual control devices, e.g. shrouded push-buttons, action
sequences on touch panels, key selector switches;

c) appropriate placement of manual control devices, so that accidental touching is prevented;

d) where appropriate, different levels of access shall be used to prevent unintended actions or change
of settings.

NOTE If access is provided not only “by person” but also “by role”, a trained operator can use a user account
with limited access for daily work and only switch to a privileged account when needed.

7 Verifi¢ation and validation

After the rigk reduction process, all of the personal care robot’s performance values related to the safety
of the robot shall be verified and validated. This shall include the performance of the centrol systems
with regard to the requirements specified in Clause 6.

All safety r¢quirements shall be verified in accordance with their associated verification standard
Details of the verification and validation methods listed in 5.1 are described asfollows:

— A (inspgction): inspecting the condition of the personal care robot ofequipment and structfires,
using hpman senses without any specialized inspection equipmenti‘inspection is typically cafried
out visyally or acoustically when the robot is not in operation;

— B (pragdtical tests): testing the personal care robot or its €quipment under normal and abnofmal
conditipns; functional tests (e.g. fault injection testing), cyclic tests (e.g. endurance testiing),
performance tests (e.g. braking performance testing);

— C (meapurement): compare actual values of persenal care robot’s characteristics with spedified
limits;

— D (obsgrvation during operation): inspecting (as in method A) the functions of the personal[care
robot gr equipment during operationsunder normal and abnormal conditions, e.g. with rated
payloads, overloaded situations and undér impact conditions;

— E (examination of circuit diagramsg): structured review or walk through of the design of cifcuit
diagrams (e.g. electrical, pneumatic, hydraulic) and related specifications;

— F (exanjination of software)ystructured review or walk through of the design of software codq and
related|specifications: cede inspection or testing of the software code should follow;

— G (revi¢w of task-based risk assessment): structured review or walk through of the risk analysis,
risk estimation dnd relevant documentation;

— H (examination of layout drawings and relevant documents): structured review or walk through of
the desjgn-of layout drawings and relevant documents.

8 Information for use

8.1 General

Information for use consists of information for proper use of a personal care robot. [t may not be intended
only for the user but also for maintenance personnel.

Instruction and other text required by this International Standard shall be written in an official language
of the country in which the personal care robot is to be sold.

Markings, symbols and written warnings shall be readily understandable and unambiguous, especially
as regards the part of the function(s) of the robot to which they are related. Readily understandable
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signs (pictograms) should be used in preference to written warnings. Signs and pictograms should only
be used if they are understood in the culture in which the personal care robot is to be sold.

Attention is drawn to the fact that, in a typical environment for personal care robots, not all users are
able to read the instruction handbook or to notice and understand acoustic or visual warning sings. This
includes, but is not limited to, the following situations and user groups:

a) children, elderly persons, mentally impaired persons;
b) animals;

c) guests/visitors in private areas;

d) third parties near the robot in public areas.

Where it is foreseeable that the information for use will not be available for certain gfoupq of persons,
this ghall not lead to additional risks.

The markings required by this International Standard shall be clearly legible and durable.

NOTE In considering the durability of the marking, the effect of normal us€istaken into account.|For example,
marling by means of paint or enamel, other than vitreous enamel, on containers that are likely to be cleaned
freqyently, is not considered to be durable.

Excdpt for information described in 8.2, information for use\can be supplied not only with printed
mate¢rial but any electronic media as long as they are easily.available in any region where the personal
carefrobot is to be sold.

8.2 | Markings or indications

Markings on the personal care robot shall be\elearly discernible from the outside of thg robot or if
necgssary after removal of a cover.

At least the name or trademark or identification mark of the manufacturer or responsible supplier, and
the model or type reference shall be(visible when the personal care robot is in normal use.|If a robot is
integrated into a building or another.framework (e.g. furniture), this requirement applies aftler the robot
has been installed according to-the instructions provided with the personal care robot.

Switiches and controls shall be’ clearly marked to cause no confusion.
The following identification shall be marked on the personal care robot:

— the business-name and full address of the manufacturer and, where applicable, its| authorized
Fepresentative;

— type/designation of the personal care robot;

— pnylegally required marking, if applicable;

— designation of series or type of personal care robot;

— serial number, if any;

— the year of construction, i.e. the year in which the manufacturing process is completed.
The following technical information shall be marked on a main part of the personal care robot:
— rated voltage or rated range in volts;

— symbol for nature of supply, unless the rated frequency is marked;

— rated power input in watts or rated current in amperes;

— [P number according to degree of protection against ingress of water, other than IP X0;

© IS0 2014 - All rights reserved 53


https://standardsiso.com/api/?name=c2acbba1e852871f04ce083412b3a7c8

ISO 13482:2014(E)

— symbol [EC 60417-5172 (2003-02) for personal care robots with Class II construction (as defined in

IEC 60335-1);

symbol [EC 60417-5180 (2003-02) for personal care robots with Class III construction (as defined
in IEC 60335-1); this marking is not necessary for personal care robots that are operated only by
batteries (primary batteries or secondary batteries that are recharged outside of the personal care
robot);

mass (in kilograms) of the personal care robot itself and/or of removable parts if they are heavier
than 10 kilograms.
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be used to warn of an impending hazardous event (e g. personal care robot start-up or overspeed) Such
signals may also be used to warn the operator before the triggering of automatic protective measures.

These signals shall:

a) be unambiguous and clearly differentiable from all other signals used, and

b) be clearly recognizable to the operator and other persons.

The warning devices shall be designed and located such that checking is easy. The information for use
shall prescribe regular checking of the warning devices as appropriate.
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The attention of designers is drawn to the possibility of “user overload”, which can result from too many
signals, leading to confusion that might defeat the effectiveness of the warning devices.

NOTE 2  Consultation with the users is often necessary.

For replaceable protective devices, if compliance with this International Standard depends upon the
operation of areplaceable thermal link or a fuse link, the reference number or other means for identifying
the link shall be marked at such a place that it is clearly visible when the personal care robot has been
dismantled to the extent necessary for replacing the link.

NOTE 3  Marking on the link is permitted, as long as the marking is legible after the link has functioned.

This|requirement does not apply to links which can only be replaced together with a part of fhe personal
carelrobot.

8.3 | User manual

A user manual shall be provided with the personal care robot so that it can be used as intendgd. The user
manpal shall contain among others the following:

a) (letailed description of the personal care robot;

b) the comprehensive range of applications for which the persenal care robot is intendefd, including
prohibited usages, if any, taking into account variations\of the original personal care robot if
hppropriate;

c¢) fommand devices;
d) petting and adjustment;
e) modes and means for stopping (especially.emergency stop);

f) particular risks, including residual risks; which can be generated by certain functions, iy the use of
Certain fittings, and about specific safeguards necessary for such functions;

g) reasonably foreseeable misuse and prohibited applications such as playing with the pgrsonal care
Fobot by children;

h) Ffault identification and leéation, for resetting and for restarting after an intervention;

i) the operating methad to be followed in the event of accident or breakdown;

NOTE Instructions for use can be marked on the personal care robot, as long as they are visible i normal use.
If it fs necessary‘to take precautions during user maintenance, appropriate details shall be given.

The |nstriietions for personal care robots incorporating batteries that are intended to be replaced by the
user|shall include the following:

— the type reference of the battery;

— the correct charging procedure/equipment;

— the method of replacing batteries;

— details regarding safe disposal of used batteries;

— warning against using non-rechargeable batteries;

— warning against mistreatment of batteries (e.g. deep discharge of lithium batteries);

— how to deal with leaking batteries.
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If it is necessary to take precautions during installation of the personal care robot, appropriate details
shall be given. When the installation is intended to be performed by maintenance personnel only, this

information

shall be contained in a service manual.

Instruction for use shall contain information relating to transport, handling and storage of the personal
care robot, e.g.

— mass value(s), position of the centre(s) of gravity;

— indicati

environ

ons for handling (e.g. drawing indicating application points for lifting equipment);

mental conditions for storage

Informatioq
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ions on the procedures for securing the robot for safe maintenance;
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h) information regarding load currents, peak starting currents and permitted voltage drops, as
applicable;

i) information on the residual risks due to the protection measures adopted.
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Annex A
(informative)

List of significant hazards for personal care robots

One of the essential steps in performing a risk assessment, as described in ISO 12100, is a hazard
identification analysis.

This form d
system or 1
analysis of
already dev

Given the w
a single list
possible to

For all pers
in Table A.]
hazard idern
compared ¥
hazard iden

f analysis is a systematic procedure to identify potential hazards that can be caused
achine, based on some aspect of its general specification. Systematic proceduresgan iny
its functional specifications or interfaces, of hazards experienced with similar prod
eloped, or they may use comprehensive sets/lists of generic hazard types.

ide range of possible applications of personal care robots, it is not practicable to pro
of hazards that can provide comprehensive coverage of all relevantthazards. However]
brovide a minimum list of hazards that all applications should covefin their results.

bnal care robots covered by this International Standard, a combined list has been provy
| as a recommendation for the minimum coverage that should be achieved by any d
tification exercise. The results of the specific hazard idéntification methodology shou
vith the list. If the results are found not to cover the.entire set of hazards in the list
tification results should be extended or augmented to cover the remaining hazards.

Table A.1 — Hazards for personal care robots

by a
rolve
ucts

duce
it is

ided
iven
d be

the

No Hazafd item Hazard analysis Associated Remarks
{ safety require-
Hazard Potential consequence ment clause
1. Battery ¢harging |Battery overload Fireydischarge of hazardous 5.2
hazards fumes or substances
2. Charging of deeply dis- Fire, discharge of hazardous 5.2
charged batteries fumes or substances
3. Contact with live battery Electric shock 5.2
terminals
4. Battery shortteiycuit Fire, discharge of hazardous 5.2
fumes or substances
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No Hazard item Hazard analysis Associated Remarks
] safety require-
Hazard Potential consequence ment clause
5. Energy storage Harmful contact with high Electric shock, burning 5.31
and supply haz- electrical energy sources
ards
6. Electrical components/parts |Electric shock 5.31
becoming live under fault
conditions
7. Harmful contact with high Crushing, cutting, trapping, 5.3.1 High energy mechanical
mechanical energy sources burning parts include rotating/
ldbL‘lllUVillg} arts, high
pressure raulics or
pneu s, fuel-burning
sub(a\ mblies
8. Harmful contact with high Crushing, cutting, trapping, 5.3.1 i
pneumatic energy sources injection N q:l/
9. Harmful contact with high Crushing, cutting, trapping, 5.3.1 ('b
hydraulic energy sources injection '\
10. Harmful contact with high Burns, irritation @
chemical energy sources \
11. Harmful contact with high Burns 6\ 531
temperature/high thermal Q
energy sources O
v
12. Uncontrolled release of Fire, burn injuries, crusking, 532 Stored energy can occur in
stored energy (rapid dis- stabbing, cutting \\ pneumatic arjd hydraulic
charge, explosion) 5\0 pressure accyumulators,
Q) capacitors, bjitteries,
\Q springs, courjter-balances,
\\ flywheels, etf.
Q\s
13. Power failure Crush@, trapping, dropped 5.3.3
load&\"unaway,
14. Unintended shutdown s@shing, trapping, dropped 5.3.3
loads
D u' -
15. Power overload r\\ Fire 5.3.3
16. Partial power failure Mown- Other hazards 5.3.3
outs) § :
17. Harmful el tatic dis- Electric shock 5.5.1
charge
18. |[[Hazards due to Uni @a/ unexpected Other hazards 5.4
robot start-up s}s@p
19. <ﬁ?ardous actions taken dur- | Other hazards 5.4
/) _}ing start-up or restart
20. | Hazardsd > Sharp edges Cutting, severing, stabbing, 5.6
robot sh abrasion
21. ?\ Holes or gaps between mov- | Crushing, trapping, pinching, 5.6
& ing parts cutting, severing, abrasion
22. % Hazardous detachment/ Crushing, trapping 5.6
dropping of parts
23. Hazardous robot shape pro- |Impactinjuries, crushing, 5.6
file during collisions trapping, cutting
24. |Hazards dueto Harmful levels of acoustic Hearing loss, stress, discom- 5.71
noise noise fort, loss of balance, loss of
consciousness
25. Robot emits harmful ultra- Hearing loss, stress, discom- 5.7.1

sonic emissions

fort, loss of balance, loss of

consciousness
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Table A.1 (continued)
No Hazard item Hazard analysis Associated Remarks
. safety require-
Hazard Potential consequence ment clause
26. |Hazards due to Lack of noise/silent operation | Collisions with humans (caus- 5.14 This hazard should also be
lack of awareness ing impact injuries) or other considered if a personal
safety-related obstacles care robot might have any
users with hearing difficul-
ties and might therefore
be unaware of a robot even
though it does make noise.
Not applicable to restraint-
type physical assistant
robots.

27. |Hazardops vibra- |[Harmful levels of vibration Tendon inflammation, back- 5.7.2

tion ache, discomfort, neurosis,
arthritis, motion sickness,
and other vibration-related
injuries

28. Reduced legibility of displays | Harmful events caused by 5.7.2
due to vibration incorrect user action or loss of

user control

29. |Hazardols sub- Contact with harmful sub- Burns, irritation, sensitiza- 5.7.3

stances 3nd fluids |stances/fluid emissions from |tion
the personal care robot (e.g.
hydraulic fluid)

30. Volatile solvents, fumes Sensitization, irritation, 5.7.3
emitted by the personal care |asphyxiation, blinding
robot

31. Allergic response to contact |Irritation, sensitizatioh 5.7.3
with robot surfaces

32. |Hazardops High levels of dust Fire, other hazakds 5.15 To be considered if a pgr-

environipental sonal care robot is intended
conditiops to operate:
- in household envirog-
ments
- inthe presence of high
quantities of powder of
finely granulated matejrials
(e.g. kitchens)
- ifthe robotis intendpd
to operate for long perjods
between maintenance
inspections.

33. Sand Abraded surfaces caus- 5.15 To be considered if a p¢r-
ing sharp edges; jamming sonal care robot is integnded
of moving parts causing to operate in outdoor gnvi-
unsafe poses/configurations; ronments.
degraded braking perfor-
mance causing collisions

34. Exposure of personal care Jamming of moving parts, 5.15 To be considered if a pgr-
lU‘UUL LU STIUW, iLC b}lUl LLil LuiLlldel C‘lb, illLUl‘ DUlld} cdarT lU‘IJULiD illL lded

rect action due to sensor to operate in winter envi-
interference, other hazards ronments or cold zones.

35. Exposure of personal care Short circuit causing func- 5.15 To be considered if a robot
robot to water, moisture tional failure(s), fire, loss of is intended to operate in

power outdoor environments or
near bodies or sources of
water or sprays.

36. Exposure of robot to saline Structural failure, other 5.15 To be considered if a per-
atmosphere or salt-water hazards caused by corrosion- sonal care robot is intended
sprays (e.g. in marine or induced functional failures, to operate in outdoor envi-
coastal environments) battery/power supply failure, ronments near oceans, seas

short-circuit hazards or other salt-water bodies
(or on board boats or ships).
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No Hazard item Hazard analysis Associated Remarks
] safety require-
Hazard Potential consequence ment clause
37. Extreme tempera- | Hot surfaces Burns, stress, discomfort 5.74
tures
38. Cold surfaces Burns, chilblains, stress, 5.7.4
discomfort
39. Reduced legibility of displays | Harmful events caused by 5.7.4
incorrect user action or loss of
user control
40. |Hazardousnon Robotemitsharmfulnon Burns,ocularinjuries 575
ionising radiation |coherent optical radiation
41. Robot emits harmful coher- | Ocular injuries (blind spots, 5.7.5 Not applicable to restraint-
ent optical (laser) radiation |full blindness) type physical assistant
robots.
42. Robot emits harmful levels Hazardous effects on medical |Not within scope
of EMI implants/devices, hazardous |of this Interna-
effects on external machinery, | tional Standard.
electronic systems, hazardous | Refer to-EMC
effects on infrastructure con- |standards'(e.g.
trol systems (e.g. transporta- |IEC\61000 series)
tion, electricity distribution, |for relevant
lighting systems, telecommu; |tequirements
nications)
43. |Hazardous ionis- [Robotemits harmful levels of | Radiation sickness, effeCts 5.7.6 Ionising radifition sources
ing radiation ionising radiation on reproductive capacity, should not bgd employed in
mutation personal car¢ robots unless
there is no alfernative for
the robot’s inftended appli-
cation.
All uses of iopising radia-
tion should b subject to
a separate splecific risk
assessment.
44. | EMI/EMC hazards |Loss of safety function duetao~{ As defined for each function 5.8 To be considgred for all
external EMI safety functigns of the
personal car¢ robot
45. Inadvertent operation of As defined for each function 5.8 To be considgred for all
function inducéd-by external functions of the robot (both
EMI application/dervice func-
tions and safg¢ty functions)
Consequencefs and affected
areas are as determined by
functional hgzard analysis
(see item l66
46. Hazardous personal care Crushing, trapping, impact, 5.8
robot motion induced by collision, cutting, severing,
external EMI (e.g. runaway,
unintended arm movements)
47. Unsafe robot state induced by | Crushing, trapping, impact, 5.8

external EMI

cutting, severing, fire, burns
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Table A.1 (continued)
No Hazard item Hazard analysis Associated Remarks
. safety require-
Hazard Potential consequence ment clause
48. |Stress, posture Stressful posture required Musculoskeletal disorder 59.2
and usage hazards |for robot operation
49. Operational environments Fatigue 59.2 Fatigue might be caused
causing physical discomfort . . by continuous exposure
MusFular strain or inflam- to uncomfortable levels of
mation sound/noise, light, heat, or
other factors
50 ;llLUllULL UusSclI ‘UUL‘l_y biLC oLl Cbbru} ‘UUlj_y PUSTUTTE, USTT :Ll
assumptions fatigue, muscular injury/
disorder
51. Poor user interface design Discomfort due to user misun- 59.3
and/or location of indicators |derstanding of personal care
and visual displays units robot
52. Slow response of user in haz- 5.9.3 To be-considered for al
ardous situations safety functions requifing
timely user actions via|the
aser interface
53. Excessive false positive 5.9.3
alarms, causing users to
ignore/switch off alarms and
leading to failures to respond
to alarm signals
54. Poor control-display relation= 59.3 Where users have a wqrsen-
ships, causing incorrect/inap* ing condition, considerfa-
propriate user responses tion shall be given to their
changing performance|as
well
55. Poor visibility of personal Occurrence of'other hazards 59
care robot as a consequence of human
error
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