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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
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria negded for the
Fent types of ISO documents should be noted. This document was drafted in acéordapce with the
rial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives
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nt rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
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50 list of patent declarations received. www.iso.org/patents

frade name used in this document is information given for the'éonvenience of users gnd does not
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committee responsible for this document is ISO/TC\184, Automation systems and|integration,
pmmittee 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

nnnnnn

standard forrebets-and-robotic-devicesinpersonal-eare-to-speeify-the-conditionsfor-physieal-hynan-
robot contagt.

This Interngtional Standard is a type-C standard, as stated in ISO 12100.

When a typje-C standard deviates from one or more technical provisions dealt with(by' type-A ¢r by
type-B stanglards, the type-C standard takes precedence.

Itis recognifed that robots and robotic devices in personal care applications reqtiite close human-fobot
interaction and collaborations, as well as physical human-robot contact.

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

Hazards ard well recognized, and the sources of the hazards are.frequently unique to particular fobot

systems. Th
complexity

The risks as
in which iti

Not all of the hazards identified by this Interndtional Standard apply to every personal care r

nor will the
Consequent
in this Inter
needed whd

bf the installation, and the level of human-robot:ifiteraction incorporated.

sociated with these hazards vary with the type of robot used and its purpose, and the
5 installed, programmed, operated, and maintained.

level of risk associated with a given’hazardous situation be the same from robot to r
y, the safety requirements, and/or protective measures can vary from what is spec
national Standard. A risk assessment is conducted to determine the protective meas
n they do not meet safety requirements and/or protective measures specified in

e number and types of hazards are directly related to the nature of the robot application, the

way

pbot,
pbot.
ified
ures

this

Internationgl Standard, and for the particular application being considered.

In this Interpational Standard,#hefollowing verbal forms are used:

“shall” indicates a reqait€ment;

“shouldf indicates.aTecommendation;
“may” indicates-a permission;

“can” in

dicates 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 ; -
types of personal care robots:

obile servant robot;
hysical assistant robot;
erson carrier robot.

Thesle robots typically perform tasks to improve the quality of life of intended users, irresp
or capability. This International Standard describes hazards assocjated with the use of these
provjdes requirements to eliminate, or reduce, the risks associated with these hazards to a
levelf This International Standard covers human-robot physical‘contact applications.

This|[International Standard presents significant hazards.and describes how to deal with tk
perspnal care robot type.

pwing three

bctive of age
robots, and
h acceptable

1em for each

This|International Standard covers robotic devicesused in personal care applications, which are treated

as pgrsonal care robots.

This|International Standard is limited to eartlibound robots.
This[[nternational standard does not apply to:

— 1obots travelling faster than 20 km/h;

— 1obot toys;

— yvater-borne robots.and flying robots;

— industrial robots;Which are covered in ISO 10218;

— 1robots as medical devices;

— 1nilitary-or public force application robots.

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

robots listed

abové

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 publicatio

n 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) exis
of publication of this International Standard.

© IS0 2014 - All rights reserved
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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

ISO 3864-1,
and safety m

ISO 4413, H)
[SO 4414, P
[SO 4871, A4
[SO 7000, G
[SO 7010, Gn
[SO 8373:20)

ISO 11202, 4
pressure ley
corrections

IS0 12100:2

ISO 13849-1
for design

ISO 13850, §
[SO 13854, §

1SO 138551
of the huma

[SO 13856 (

ISO 13857, J
lower limbs

(;raphical symbols — Safety colours and safety signs — Part 1: Design principles for safety
arkings

bdraulic fluid power — General rules and safety requirements for systems and théir,compo
eumatic fluid power — General rules and safety requirements for systems andytheir compo
oustics — Declaration and verification of noise emission values of machinery and equipm
aphical symbols for use on equipment — Registered symbols

aphical symbols — Safety colours and safety signs — Registered safety signs

12, Robots and robotic devices — Vocabulary

Acoustics — Noise emitted by machinery and equipthent — Determination of emission §
pls at a work station and at other specified positions applying approximate environm

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

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

lafety of machinery — Emergeéncy stop — Principles for design
fafety of machinery — Minimum gaps to avoid crushing of parts of the human body

Safety of machineny.~ Positioning of safeguards with respect to the approach speeds of
) body

1l parts), Safety’ of machinery — Pressure-sensitive protective devices

bafety of machinery — Safety distances to prevent hazard zones being reached by uppe

[SO 14118, §

signs

nents
hents

ent

ound
ental

iction

riples

barts

- and

aféty 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

IEC 60335-1

, Household and similar electrical appliances — Safety — Part 1: General requirements

1)

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

2

If used, consideration shall be given as to the relevance and applicability of the quantitative data to the intended

© ISO 2014 - All rights reserved
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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
prog

IEC 4

3

For t
folloy

3.1

b2061:2012, Safety of machinery — Functional safety of safety-related electrical, el
rammable electronic control systems

2471, Photobiological safety of lamps and lamp systems

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 12100, ISO 8
ving apply.

autonomy

abilit
[SOU

3.2
roba
actu

y to perform intended tasks based on current state and sensing, without human inter

RCE: ISO 8373:2012, 2.2]

t
hted mechanism programmable in two’ar‘more axes with a degree of autonomy (3.1) m

its environment, to perform intended tasks

bctronic and

B73 and the

rention

ving within

pt (3.4), but

automation

[SOURCE: ISO 8373:2012, 2.6, modified]

3.3

robgtic device

actuated mechanism fulfilling the characteristics of an industrial robot or a service rob
lackipg either the numbep of programmable axes or the degree of autonomy (3.1)

[SOURCE: IS0 8373:2012, 2.8, modified]

3.4

servjce robot

robot (3:2)that performs useful tasks for humans or equipment excluding industrial
applilcations

[SOURCE: IS0 8373:2012, 2.10, modified]

3.5

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

[SOU
3.6

RCE: IS0 8373:2012, 2.13, modified]

hazard
potential source of harm

[SOU

© ISO

RCE: ISO 12100:2010, 3.6, modified]
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risk
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combination of the probability of occurrence of harm and the severity of that harm

[SOURCE: IS
3.8

012100:2010, 3.12]

risk assessment

overall proc

[SOURCE: IS

ess comprising a risk analysis and a risk estimation

012100:2010, 3.17, modified]

3.9
safe state
condition off

[SOURCE: I§

3.10

safety-relaf
part of a cd
output signd

[SOURCE: IS

3.11

verification]
confirmatio
care robot (}

[SOURCE: IS

3.12
validation
confirmatio
use or appli

[SOURCE: IS

3.13

personal cJ
service robo
of humans, ¢

Note 1 to ent

Note 2 to ent

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
ntrol system that responds to safety-related input signals and\generates safety-re
s

0 13489-1:2006, 3.1.1, modified]

]
h through the provision of objective evidence thatthe specified requirements of the per
.13) have been fulfilled

0 9000:2005, 3.8.4, modified]

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

0 9000:2005, 3.8.5 modified]

re robot
[ (3.4) that perfoxms actions contributing directly towards improvement in the quality
excluding medical applications

Fy: This myight include physical contact (3.19.1) with the human to perform the task.

ry: Ty pical types of personal care robots include: mobile servant robot (3.14), physical assistant

(3.15) and pe

lated

sonal

nded

flife

robot

'san carrier robot (3.16).

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
perspn carrier robot
persanal care robot (3.13) with the purpose of transporting humans to an intended)d€stination

Note |l to entry: It might possess a cabin and might be equipped with a seat and/or starxding supporf (or similar).
Note 2 to entry: In addition to humans, transportation might include other obje¢ts, e.g. pets and prqgperty.

3.17
protective stop
interjruption of operation that allows an orderly cessation of mation for safeguarding purpgses

3.18{1
maxjmum space
volume which can be swept by the moving parts of the ¥obot (3.2) as defined by the manufacturer, plus
the volume which can be swept by manipulators and payloads

Note [l to entry: For mobile platforms, this volume can’be defined by the physical boundaries throygh which the
robof can move around.

Note 2 to entry: See Figure 1.

3.18}2
restricted space
portion of the maximum space (3)18.1) confined by limiting devices that establish boundarigs which will
not e exceeded by the robot.(3.2)

Note [l to entry: For mobilehobots (3.5), this volume can be limited by special markers on floors anf walls, or by
software limits (3.27) defiried in the internal map of the robot or facility (maximum space).

Note P to entry: SeeFigure 1.
[SOURCE: 1S0.8373:2012, 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 entfy: See Figure 1.

3.18.5
protective stop space
space in which the personal care robot (3.13) will perform a protective stop (3.17) if a safety-related gbject
(3.21.1) entgrs it

EXAMPLE Examples of operational spaces for some different personal care robots-are presented in Anfex B.

Note 1 to entry: Space can be static or dynamic, depending on the personal care’robot, its application apd its
(dynamic) shppe.

Note 2 to ent}y: See Figure 1.

3.19.1
contact
zero distande between robot (3.2) and an object in its external environment

3.19.2
non-contact sensing
detection o1l measurement capability that does ot require touching objects (including humans) ip the
environment

3.19.3
contact senfsing
detection or measurement capability that requires touching objects (including humans) in the
environment

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

3.19.5
allowed contact
any touching 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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2

safety-related obstacle
object, obstacle, or ground condition which can cause harm if it comes into contact or collision with the

robo

3.21

t(3.2)
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

3.21

safety-related force limit

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

4

upper boundary of force that a certain point of a personal care robot (3.13) can exert.againstja human, or

othe

3.21

safety-related surface condition

surface condition

adverse conditions of travel surface for a mobile personal care robot {3.13), for which haza
be identified in the risk assessment (3.8)

EXANPLE Surface conditions by which a person carrier robot {3.16) might roll over or slip cau
damdge.

3.22

manual control device

hum

(3.13)
[SOURCE: IEC 60204-1:2009, 3.9, modified]

Note

3.23
com
devi

3.24{1
manual mode

oper

pushputtons or ajoystick

Note

[SOUREEISO 8373:2012, 5.3.10.2, modified]

3.24

" surrounding objects without creating an unacceptable risk (3.7)

5

hn operated device connected into the controlicircuit used for controlling the persong

1 to entry: One or more manual contreldevices attached to a panel or housing form a command

mand device
e that enables the operdtqr/(3.25) or a user (3.26) to control the robot (3.2)

htional mode_jn which the robot (3.2) is operated by direct human intervention via,

1 to entry:This mode is usually used for teaching, tele-operation, fault-finding, repair, cleanin

'ds (3.6) can

5ing injury or

il care robot

device (3.23).

for example,

b, etc.

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 c

© IS0 2014 - All rights reserved
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3.25
operator

:2014(E)

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: IS

3.26
user

0 8373, 2.17, modified]

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 ent

3.27
software liJ
restrictions

Note 1 to ent

3.28
singularity
occurrence

Note 1 to ent
tomaintain (
can produce

Note 2 to ent
robot’s degre

[SOURCE: IS

3.29
electro-sen
ESPE
assembly of]

a sensin

output 4

Note 1 to enf
include a sec

controlling/monitoringdévices;

Fy: In some applications, a user could be both the operator and the beneficiary.
mits
to one or more operational parameters of the robot (3.2) defined in the control systen

Fy: Software limit can restrict operating spaces, speed, force, etc.

iwvhenever the rank of the Jacobian matrix becomes less than‘full rank

y: Mathematically, in a singular configuration the joint velocity in joint space might become i
high axis speeds which can lead to hazardous situations.

ry: The Jacobian matrix is typically defined as a matrix of the first order partial derivatives
es of freedom.

0 10218-1:2011, 3.22, modified]

sitive protective equipment

g device;

ignal switehing devices and/or a safety-related data interface

ndary’switching device, muting functions, stopping performance monitor, etc.

Note 2 to ent

nffinite
artesian velocity. In actual operation, motions defined in Cartésian space that pass near singulalfrities

bf the

devices and/or components-working together for protective tripping or presence-sensing
purposes, aind comprising as a minipaum

ry: The-safety-related control system associated with the ESPE, or the ESPE itself, might further

Fv-A safetv-related communication interface can he infpgrntpd in the same enclosure as the ES

PE.

[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.

© 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 bepresentinja particular
perspnal care robot. Annex A contains a list of typical hazards that can be present with the personal
care|robots described in this International Standard. This list should not be“considered fall-inclusive
and gpecific personal care robot systems might also present other hazardsas a result of thejr particular
design, intended use or reasonably foreseeable misuse. An application’hazard identification process
shalllbe performed for each design, and shall give particular consideration to:

a) Uncertainty of autonomous decisions made by the robot andpossible hazards from wroIg decisions;

b) different levels of knowledge, experience and physical conditions of users and ot
ersons;

er exposed

c) normal but unexpected movement of the personal\care robot;

d) yinexpected movement (e.g. jumping in frodt’of the personal care robot from the side or from a
igher level) of humans, domestic animals'and other safety-related objects;

e) Wnintended movement of the personal:eare robot;
f) tynexpected travel surfaces and environmental conditions in the case of mobile robots;
g) TUncertainty of safety-relatedwobjects to be handled in the case of mobile servant robotsg;

h) ¢onformity to the human‘anatomy and its variability in the case of physical assistan{ robots and
person carrier robots:

Where appropriate;the risk assessment shall consider in particular, manipulators and end}effectors of
the gersonal care¥ebot, and they shall be given the same requirements as for the robots.

4.3 | Risk-estimation

A risk@stimation shall be carried out on those hazards identified under 4.2, with careful attention paid
to varioussituations-where the persomatcare robot mmay contact safety-refated-objects:

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
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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;

— D: observation during operation;

— [k: examination of circuit diagrams;

— [F: examination of software;

— (: review of task-based risk assessment;

— H: examination of layout drawings and relevant documents.

Recommended methods of verification and validation of various requirements for the significant
hazafds are shown in subclause 5.x.5 or 5.x.x.5 of each subelause 5.x or 5.x.x (respectively) pt the end of
each|clause, in the form of which of the methods (A, B, etc):are applicable, corresponding to the methods
listedl 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 carerobothasan integratedand built-in battery charging system, persons shall be protected
against hazards due to accidental contact with the charging connections on the robot and|its charging
systems, which shall be in compliance with IEC 60204-1 or IEC 60335-2-29 as appropriate} and should
be in|compliance with IEC 60529 and EN 50272.

Alsothe charging system §hall prevent any hazards arising because of overloading or charging of deeply
discharged batteries.

5.2.21 Inherently-safe design

Charging contacts and plugs shall be designed in a way that accidently touching live parts |s prevented
(e.g. faps forplugs and outlets).

Voltggebetween charging contacts shall conform to appropriate standard according to the¢ application
and/or environment of the charging systems, such as IEC 60204-1, IEC 61140, IEC 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;
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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 procedure for charging the personal care robot;

— the environmental conditions (e.g. outdoor or indoor charging);

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

— appropriate warnings.

5.2.5 Veriffication and validation

Appropriatg 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 Gdneral

A personal dare robot shall be designed and constructed so that all hazards related with its energly are
prevented.

The personal care robot’s electrical equipment shallybe designed and constructed in compliance|with
the relevantirequirements of IEC 60204-1 for electrical equipment, of ISO 4414 for pneumatic equipment
and of ISO 4413 for hydraulic equipment.

Any exposed person shall be protected from direct or indirect contact with live parts on the robot

A means of [isolating any hazardous.energy sources (e.g. electrical, mechanical, hydraulic, pneumatic,
chemical anfl thermal) shall be provided. Such hazardous energy sources shall be clearly identified, and
the isolatorg shall be capable of-beihg locked if reconnection leads to a hazard.

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

a) use of spfe extra-low voltage sources for electrical equipment according to IEC 61140 (below|25 V
AC and p0-V\DC);

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

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

5.3.2.1 General

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

A me¢ans shall be provided for the controlled release or removal of stoneddhazardous
controlled release or removal of stored energy shall not lead to any additjional hazard.

NOTH Stored energy can occur in pneumatic and hydraulic pressure, aecumulators, capacitd
sprinjgs, counter balances, flywheels, etc.

5.3.2.2 Inherently safe design

Stor¢d energy shall be kept to a level as low as reasonabli practicable.

5.3.1.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a)
b)

5.3.2.4 Information foruse

Labels shall be affixed to-identify all the stored energy hazards and their locations. Inform
shall|contain the d€scription of the means, and the procedures for the removal or controllg
storgd energy.

5.3.2.5 Verification and validation

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

guards/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 p
lheating or over-currents caused by overloads, short circuits, clothes which encomp
gource of the robot, or device-malfunction.

is operating

energy. The

rs, batteries,

revent over-
hss the heat

htion for use
rd release of

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 p
manipulator are acceptable. This shall be achieved regardless of the type(s) of power
electrical, hydraulic, pneumatic, vacuum).
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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 P ooiblc, a \,uulylculcutal Y satfe gtat dius meastre-shatbe ayy}icd.

NOTE IBC 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 mechanisiiis of all moving parts;

b) internal storage of sufficient energy to allow recovery to a,safe state following ppwer
failure/shutdown.

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

5.3.3.3 Safeguarding and complementary protective measures

The followiy
a) means i

b) persong

summo

in case

c)

1g measures shall be applied where appropriate:

o provide an uninterruptable power source shall be made;

ning assistance powered independently;

the available internal energy. or stored power (e.g. battery power) falls below a ce

| care robots able to trap humans jn‘isolated locations shall be provided with a meapns of

rtain

threshold, the robot shall notify(its' status to the user and/or operator by means such as audio,

light, vi
reaches

5.3.34 In

The inform
Maintenanc
necessary b

pration indications, and'shall come into a safe state automatically in case the battery p
a hazardous level.

formation forause

e procedures can be required following such power failures or shutdowns, if deg
y riskiassessment (see 8.4).

pwer

htion for-uge shall describe the residual risks relevant to power failure or shutdown.

bmed

5.3.3.5 Vi

LY — i pa | ) - PR
1 IIICAlIVIL dlIU vdiludtivuil

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

5.4 Robo

5.4.1 Gen

t start-up and restart of regular operation

eral

Personal care robots shall not perform any hazardous action immediately upon start up.
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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
shall only return to normal levels of control by means of a mode change (see 6.11).

he personal care robot shall always start up in manual mode, and shall only continue pperation in
utonomous mode by means of a mode change as specified in 6.11.1.

If tegting of some safety-related components requires robot motion, the minirthurh motion necessary
to esftablish the absence of faulty safety-related components is allowed. The fisks associated with this
motipn shall be kept as low as reasonably practicable.

5.4.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate.

anipulators, mobile platforms and other moving parts shall be de-activated by sdfety-related
unctions at start-up (to prevent any unintended actions). Application functions shall only be enabled
if it can be positively established, via sensors, that no,hazardous situation exists. This measure shall
e applied if the robot is intended to enter autononious mode immediately after start-up.

b) The personal care robot shall always start@p in a monitored standstill and shall onlly return to
normal operation by means of a user actionm:

5.4.4 Information for use

Necelssary start-up and restarting-instructions shall be provided in the robot’s informaftion for use
according to the measures which-have been applied.

5.4.5 Verification and yvalidation

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

5.5.1 General

The petsonal care robot shall be designed to avoid all harm to humans and domestic animalls 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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Inherently safe design

The following measures shall be applied where appropriate:

a) use of conductive materials;

b) discharging of outer surfaces by earthing;

<)

5.5.3 Safe

guarding and complementary protective measures

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

Use of coven
live parts.

5.5.4

Necessaryr
for use.

5.5.5 Veriffication and validation

Appropriatg

NOTE IE

5.6 Haza

5.6.1 Gen

Intended us
the design g
that could ¢

Risk assess

EXAMPLE

5.6.2 Inhg
Sharp edgesg

Holes or gap
human bodjy

The robot’s

Information for use

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

blevant warning signs for ESD from ISO 7010 shall be provided together with the inform

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

C 61000-4-2 and ISO 7176-21 contain applicable test methods.
rds due to robot shape

eral
P case scenarios to perform intended tasks by the personal care robot shall be consider
huse, for example, crushing, cutting, or severing injuries.

hent shall also consider thesshape of load being carried by the personal care robot.

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

trently safe design
and points shall be avoided in the design of the personal care robot, according to ISO 1!

s in the.acgessible part of the robot shall be designed so that the insertion of any part ¢
[ is prevented, in compliance with ISO 13854 and ISO 15534.

with

htion

ed in

f the overall shape of the robot, and©f'its external parts, to avoid the potential for accidlents

$100.
fthe

jéints (e.g. those in the manipulator) shall be designed in a way that parts of the hy

man

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:

( be crushed when the joint1s moved as intended by the manufacturer. This can be done by

a) cushioning on sharp edges and points shall be provided to eliminate shearing, stabbing, cutting
hazards and reduce impact hazards (see 4.3, Note 2);

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

: 1 . | 1 1Ll .
withrtheserisksshattbe giverm:

5.6.3 Verification and validation

Apprjopriate 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 protected\from noise (including ultrasonit noise) that
could directly cause discomfort, stress, hearing loss, less of balance or consciousness of|the 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 thgt no special
protéctive equipment needs to be worn.

The personal care robot shall conform to'neise emission standards appropriate to its inten¢led purpose
(e.g. pee I1SO 1996, ISO 3740, ISO 11200;3SO/TS 15666, ISO 15667).

NOTH 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.
Specjal care shall be taken in the acoustical design of the robot. The following measures shalll be applied
wheie appropriate:

a)

ow-noise component: the personal care robot shall be constructed with components which are
inherently silent in their operation;

b)

dppropriate operational behaviour: robot actions and/or motions shall be designed to be as quiet as

aoTe; vpe —ta v P O113 a ODOT,

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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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 Ve

rification 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

1oL A
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5.7.2.3 Safeguarding and complementary protective measures

At least one

hal care robot user shall be protected from harmful vibrations that could cause vibrg

hrdous vibrations

neral

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

injuries, e.g. tendon inflammation, backache, discomfortfieurosis, arthritis, or sil
's of any kind due to continuous use of the robot.

hal care robot user shall be protected from vibratiombetween 0,5 Hz and 80 Hz whicl
Foblems for health, comfort, and perception, and vibration between 0,1 Hz to 0,5 Hz W
se motion sickness. Personal care robot designs shall conform to all applicable par
1.

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

herently safe design
Clude, but not be limited to,the following measures:

ration of vibration produded by mechanical components in the design of the personal
g. by reducing eccentric mass distribution or limiting speed of moving parts;

bsed to the vibration sources within the personal care robot;

of-the'following measures shall be applied:

iate.

obot

tion-
milar

1 can
rhich
ts of

ctive

care

n and use vibration damping materials within the design to limit the extent to which humans

a)

I, vibration.

damping;
b)

minima
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

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

restriction of the movement of the personal care robot to appropriate velocities which cause no, or
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5.7.3 Hazardous substances and fluids

5.7.3.1 General

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 njaterial that might cause allergies should be used at a surface which comes into contact
skin during normal use of the personal care robot.

NOTH Nickel, chromium and some types of rubber might cause allergic reactions.

5.7.3.2 Inherently safe design
The following measures shall be applied as appropriate:

a) e¢limination or avoidance of potentially hazardous substances and fluids, e.g. oil, coolil
qlust arising from brake abrasion within the personal care £obot;

b) gubstitution of potentially hazardous substances andfluids, e.g. oil, cooling fluid
Ilaterials by those which are less harmful or non-hazardous;
c)

the external environment.

5.7.3.3 Safeguarding and complementaryprotective measures
The following measures shall be applied'where appropriate:

a) 1neasures to detect loss of hazardous substances and fluids (e.g. oil) if hazardous su
fluids are needed for operation;

b) shut-off valves or fuses to-seal leaking fluid pipes;

c) 1easures to preventhumans from touching in case of leakage (e.g. covers).

5.7.3.4 Information for use

Inforimationfor use shall be provided about any hazardous substances inside the persona
If ne¢essaty-instructions for taking precautions during use, handling, maintenance, and dig
the rpbot'shall be given.

with human

hg fluid, and

and brake

esign of the personal care robot to contain substances internally rather than releasing them into

bstances or

care robot.
assembly of

If allergenic 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,
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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) choosi

5743 S
The followiy
a)
b)

reducin|

isolatio

5.7.4.4 In

Information|
temperatury

5.7.4.5 Ve

Appropriate
5.7.5 Haz

5.7.5.1 Ge

Emissions b
sources oth
with [EC 621

The use of
application

5.7.5.2 In

g

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

aEeguarding and complementary protective measures

1g measures shall be applied where appropriate:
(or increasing) the surface temperature with an appropriate cooling (er-heating) sys

h or the application of guards (see [SO 13732).

formation for use

for use shall contain warnings and markings on the’ hot/cold parts having ext

rification and validation

method(s) shall be chosen from the following: C, D.
hrdous non-ionising radiation

neral

y hazardous laser light and other electromagnetic wave sources shall be prevented.
er than lasers shall be designed to not exceed the exposure limit for users, in accord
71,

asers shall conform to IEC 60825-1, and the lowest possible laser class required b
shall be used,

herently-safe design

The laser equipment used shall not exceed class 1 according to IEC 60825-1.

tem;

reme

s in compliance with 1SO 3864-1. If necessary, instrugtions for taking precautions dfiring
use, handling, maintenance and disassembly of the personal caréirobot shall be given.

Light
ance

y the

5.7.5.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a)
b)

c)

protective shutters;

interlocking movable guards;

requirements in 6.1;

d)
e)

controll

20

ing 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.

5.7.6

Pers
robo
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Mech
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safet]
ISO 13
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5.8.1

For
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The |
6-2, 1

NOTH
funct]
phen

5.8.2

The
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Othe
thei

Hazardous ionising radiation

pnal care robot users and third parties shall be protected from ionising radiation em
L or its components. Exposure to such radiation shall be minimized to avoid-any harni
ies or disorders.

anisms producing ionising radiation should not normally be used i’ any personal c
a mechanism is essential for the robot’s application (i.e. where thete is no alternativ

y protection measures shall be developed in accordance withdappropriate standards (¢
925 and ISO 14152).

Hazards due to electromagnetic interferencée

General

i1l reasonably foreseeable electromagnetic disturbances, hazardous robot motion
m states shall be prevented.

personal care robot shall conform'te-all relevant standards for EMC (e.g. IEC 61000-6-1]
EC 61000-6-3, IEC 61000-6-4 anddEC 60204-1).

In addition, IEC/TS 61000-1-2 might be useful for providing a methodology for the ad

ional safety of electricalfand electronic systems, including equipment, with regard to ele
hmena.

Inherently safe'design

functions ef the control system described in 6.1 shall be designed to meet the elec
inity requirements of IEC 62061:2012, 6.4.3.

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

itted by the
ful physical

hre robot. If
e method of

ving the application objectives) then special protection requirements shall be developed. Special

.g. 1S0O 2919,

and unsafe

, IEC 61000-

hievement of
rtromagnetic

fromagnetic

hccording to

hténded operating environment.

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 Gdmerat

Risk assesstnent shall identify hazards due to physical stress and posture, and the personal care rgbot’s
design shalllensure that any such risk is minimized. This may be achieved by, but may notbellimited to,
the followinjg requirements:

a) Apersonal carerobotshall be designed to minimize or reduce physical stress or strain to its usef due
to continuous use, including but not limited to uncomfortable posture, operational environments
that wojld directly cause physical discomfort, e.g. fatigue and tendon inflaimation.

b) The dedign of the personal care robot shall take into account typical-body sizes of the intended
user population in order to avoid physically demanding body postaires or to ensure easy operation.
ISO 14738 describes how principles of ergonomic factors, by ‘conistruction of workstationg and
machingry, should be applied. This should be considered when burilding a personal care robot, where
somebo(dy sits on or stands in front of the robot.

5.9.2.2 Inherently safe design
This may in¢lude, but not be limited to, the following measures:

a) the design and location of manual control devices, which should ensure that they can be operated
withou physical stress or discomfort;

b) the prolﬁler ergonomic design and location of the seat, which should ensure that good posture can be
maintained during operation of the personal care robot;

c¢) command devices that are detachable or hand-held instead of being permanently attached tp the
persongl care robot in an inappropriate position.

5.9.2.3 Safeguarding and'’complementary protective measures
This may in¢lude, buthot be limited to, the following measures:

a) use of shock absorbing (suspension) mechanisms;

b) use of phstire supparts

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) to be easily

nderstood so that clear and unambiguous interaction between the human and the\personal care
fobot is possible;

c) the personal care robot shall conform to ergonomics standards appropriate tp,its intenfled purpose
see ISO/TR 9241-100, ISO 9241-210, ISO 9241-400, ISO 9241-920 and ISOA1228).

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

b) designingthe personal care robot to avoid the need for sustained attention in order to detect critical

gignals as far as reasonably practicable or over long periods of time;
c) adequate display design;

d) feduction of signal uncertainty and improvermdent of detectability.

5.9.3.3 Safeguarding and complementary protective measures

Therg are no recommended measures for safeguarding with respect to this hazard.

5.9.3.4 Information for use

The information for use shall contain instructions about the correct way to operate the majnual control
devi¢es and how to use the personal care robot. The information for use shall include the neqd for proper
trainling where necessar'y.

5.9.3.5 Verification and validation

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

5.10Hazards due torobot 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 personad
by the user

Mechanical
transportat

The personi
purpose (e.
stabilities o

Stability sh{
personal caj

5.10.2.2 In
The followiy
a)
b)
c)

designi}
designi}

designi}
instabil
d) designi}
practica

tcareTobotshattbedesigmed so that moextraordimary actions or procedures are req
n order to maintain its mechanical stability.

stability shall not be affected in any phase of the robot’s life cycle (including/hang
on, installation, use, de-commissioning, and dismantling).

] care robot shall conform to mechanical stability standards appropriate to its inte
. for mobile personal care robots, see ISO 7176-1 and ISO 7176-2 foy static and dyn|
f wheelchairs).

1l be maintained against static and dynamic forces from any,moving parts and loads d
e robots (e.g. extendible manipulators).

herently safe design

1g measures shall be applied where appropriate;

1g the ground support area to be as large as reasonably practicable;

g the centre of gravity of the personal care robot to be as low as reasonably practicab
1g the personal care robot to ensut€ that mechanical resonance effects cannot leg

ty;

ble,

5.10.2.3 Safeguarding and complementary protective measures

The followir

a)
b)

use of s

means {

1g measures shall-be applied where appropriate:
Fability control;

o detectthe onset of instability and act (or not) to reduce harm;

nired

lling,

nded
amic

f the

€

nd to

1g the masses of moving parts, especially the manipulator, to be as low as reasonably

means {

c)

odimit the velocity or range of the manipulator;

d)

EXAMPLE
point.

means to prevent overload.

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

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

5.10.3 Instability during travel

5.10.3.1 General

A pefsonal care robot capable of travel shall be designed to ensure that it does not cause anly hazardous
rolloyers, runaways, or drops of its body parts or loads being carried during travel. This shallbe achieved
for all intended travel patterns (e.g. forward/backward travels, rotations, turns/U-turns, a¢celerations,
and decelerations) in its specified operating environments, which is determined."depending on its
specific application type and design.

For personal care robots whose stabilities vary depending on configuratiens and load$, maximum
speefls and accelerations shall be determined for each intended situation:

For gersonal care robots that travel autonomously, the control systeni'shall be designed to epsure, as far
as repsonably practicable, travel stability under foreseeable conditions.

Any human near the personal care robot shall be protected ffem the robot falling or rolling over.

Risk|assessment shall consider potential hazards due to\incorrect positioning of passengers in or on
person carrier robots.

5.10}3.2 Inherently safe design

The following measures shall be applied whére appropriate:

a) design of the mass distribution within the personal care robot to ensure that the rpbot cannot
all, rollover or overturn, even when travelling at maximum acceleration/deceleration or turning
t maximum speed on the worst case travel surface gradient identified within the intended
nvironment specified for/the robot;

b) design of the travel aetirators (e.g. wheels, legs/feet) shall ensure that sufficient adhesion with
the terrain is maintained over all terrain types, even on slippery surfaces, etc., as ddfined in the
gpecification of intended environmental conditions for the personal care robot;

c) design of the‘stability of the personal care robot to ensure that it does not fall, rollover|or overturn
yhen travelling over uneven terrain, up to the worst case limits defined within the intended
¢nvironmental conditions specified for the robot.

5.10{3.3) Safeguarding and complementary protective measures

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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lity 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 care robot’s risk assessment.

5.10.3.4 Information for use
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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. sea

hing shall be provided to avoid abnormal and abrupt operations, e.g. sudden t
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rification and validation

lity performance shall be evaluated under various safety-related surface condi
the results of risk assessment (surface conditions;€’g. carpets, metal tiles, plastic lamil
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ability while carrying loads
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|se any hazard.

hear the personal.¢abe robot shall be protected from falling safety-related objects whe
ms tasks, as well’as while carrying up to maximum loads. This shall include uneven
e loads (e.g. fluids sloshing in storage containers).

ment shallyconsider the consequences of dropped loads and any actions required b
e rohotin the aftermath of any such event.

Jcy-operation, the maximum deceleration rate shall be commensurate with emergencyj
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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)
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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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4.3 Safeguarding and complementary protective measures

The following measures shall be applied where appropriate:

a)
b)

during normal operation;

‘)

be commensurate with requirements for load stability.
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loads shall be tied or locked down by bolting or latching devices, or held by a gripping device;

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

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

bnal care robot’s risk assessment.

4.4 Information for use

mation for use shall contain information about maximum size and/or weight and typ
ppriate), and their limits that may be carried. Where loads require fastening, instruct
ded.

4.5 Verification and validation

performance of hands, grippers, and fittings shall be detezmined by a series of extreme
cceleration, stops, and U-turns of the mobile personal ¢are robot and fast manipulator
sts shall be carried out with maximum load and with'the maximum speed.

opriate method(s) shall be chosen from the following: B, D, F.
5 Instability in case of collision

5.1 General

y-related objects shall be protected from hazardous movements after or during a
ion between a personal carerobot and any other safety-related obstacle should not caus
e robot.

Risk assessment shall determine the allowable maximum values of the appropriate parg
ontact force) thathrave an influence on the risk caused by contact over the entire opera

\ personal care robot shall be designed to ensure that it does not cause any hazardo
unaways, er‘detachment of robot body parts, even when it receives any collision forc
elated obstacle detection signals during its motion, up to the limits specified for
peration:

5.10

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

b of loads (if
ons shall be

movements,
movements.

collision. A
e instability

imeters (e.g.
ional range.

1s rollovers,
bs or safety-
ts intended

5.2 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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collision of the maximum expected force (see 6.2.3);

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

collisions.

5.10.5.4 Information for use

design of braking performance of the mobile platform of the personal care robot to prevent runaway

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

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

hazardous fj
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rification and validation

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

neral

pe personal care robots (e.g. exoskeletons) shall be desighed in a way that stabil
le the robot is attached/removed to/from the user.

remain switched off during attaching/removing shall\be designed in a way that they c
but effort in the required position and that unexpected start-up is prevented.

are moved with drive power during attaching/removing shall be designed in such 4
rdous movements can occur and forces on parts of the human body cannot cause any h

herently safe design
1g measures shall be applied where appropriate:

0 attach/remove the robot te'the human shall be designed in a way that the human can

in a stalple position (e.g. sitting, }ying) during the attaching/removing procedure;

b) use of i

removing the robot.

5.10.6.3 Safeguarding and complementary protective measures

1g meastires shall be applied where appropriate.

ot-Shall be designed to detect that the robot is not properly attached to the user. If it i

ty is

hn be

way
arm.

stay

ictuators of sufficiently low power that the user cannot be harmed while attachinpg or

S not

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

The followiy
a) The rob
attache
b)
safety-r
0)

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

during normal operation leads to a safe state.

5.10.6.4 Information for use

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

The robot shall be designed in a way that intended removal or unintended separation of the robot

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) design of the mass distribution and shape of the robot so that embarkation/disembarkation does
ot result in overturning;

b) design 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 confrol that are
¢apable of adjusting the balance of the robot to ¢ounteract any fluctuations to the centre of gravity
during passenger embarkation/disembarkatientaccording to 6.1;

b) the person -carrier robot shall be. in the appropriate configuration before starting
¢mbarkation/disembarkation under norimal situations;

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

d) detect the presence of passenger in the correct position in or on the robot before start pf travel can
e enabled.

5.10{7.4 Information‘for use

Information forcuseé shall contain instructions about embarkation/disembarkation |procedures
and precaution$»to be undertaken by the user. It shall also contain information about the necessary
confijguration‘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
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Annex B presents safety criteria for personal care robots.
Annex C presents an example application of a personal care mdbile robot with an safety-re
avoidance capability. The speed of the robot can be controlled.in the safeguarded space, whet

pelocity of safety-related obstacles is detected and can be used{for reduced speed control.

1g a protective stop (see 6.2.2.3), when a safety-related obstacle is in the personal
protective stop space;
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ions with the robot can be avoided.
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ctuation, smaller resolution of ESPE in order to detect the smaller limbs of children) when de|
risk assessment.

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

hfety-related speed-control (see 6.3);

hfety-related force control (6.7);

hfety-related contact sensing (6.5.2.2).

formation for use

le, in
h the
ition
ctro-

lated

e the

care

Her if

fants,
ssure
emed

1l be

Information

for use stattdescribe the cottisiomavoidance betraviour of the Tobot- Where any deg

ee of

manual control is required for collision avoidance, information for use shall provide the user instructions
required and the limits of the applied control measures.

5.10.8.5 Ve

rification 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

Irommamsstattbedesigmed tobeastowas teasomabty practicabte;—————————————————

c) the personal care robot shall be designed, as far as is reasonably practicable, to @yoid|unintended
flactile interaction between human and other parts of the robot other than those intended for the
interaction.

5.10{9.2 Inherently safe design

In alll application tasks involving physical human-robot interaction;a“personal care ropot shall be
designed to reduce, as far as is reasonably practicable, any levels of-skin-robot friction, sh¢ar stresses,
dynamic shocks, torques, arcs of centre of gravity, weight-bearingtransfers and supports df the human
body

5.10}9.3 Safeguarding and complementary protective‘measures
The following measures shall be applied where apprepriate:

a) doftware-controlled limits to the personal care robot workspace (see 6.3);

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

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

5.10{9.4 Information for use

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

Instrfuctions shall béprovided as to how users should operate the personal care robot{in order to
avoid injury, and warnings shall be provided about the potential injuries that might be susgained if the
instrjuctions are1iet obeyed.

5.10(9.5 Verification and validation

Apprjopriate 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);

5.11.2 Inherently safe design

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

a)
b)

f)

appropt

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

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

 prevention measures should be incorporated into a personal care robot’s design, incly

those mlechanisms described in ISO 12100 (if used, the mechanisms shall conform-to,approp
established standards);

approptiate static and dynamic balancing of rotating components;

jgn of electrical devices, especially electrical harnessestand connectors shall take

account/the expected number of use cycles;

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

5.11.3 Safdguarding and complementary protective measures

This may in

a)
b)

c)

d)

‘lude, but not be limited to, the following measures:
functions to monitor/regulate the applied forces as mentioned in 6.7;

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

where njecessary, temperatures inside the personal care robot, especially near heat sources sh
monitoged: the robot shall reagt in‘an appropriate way (e.g. shutting itself off in a safe mann
temperature limits are exceeded;

monitoting the life cycle-of.the personal care robot and inform the user when maintenance tif
end of life is reached.

5.11.4 Informationfor use

Information| forcuse shall specify maintenance procedures necessary for ensuring the durability g
personal careZobot such as the regular exchange of parts.

iding
riate

iate fatigue limits shall be applied to the personal care robot’s compenerits that are supject
to variaple stresses;

into

hll be
br), if

ne or

f 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

smooth grnnnﬂ michthe an ar‘r‘npfnh]n ricl{l ma](ing aneovasion movementinan area with clippnry round mlght
5

be anlunacceptable risk.

The risk of harm occurring as an effect of incorrect decisions can be lowered eithef)by intreasing the
reliapility of the decision (e.g. by better sensors) or by limiting the effect of a wrong decision (e.g. by
narrpwing the limits of use).

5.12{2 Inherently safe design

The following measures shall be applied where appropriate:
a) ¢onstraining the operational scenarios to reduce risk of harmdue to incorrect actions;

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

5.12}|3 Safeguards and complementary protective nieasures

The following measures shall be applied where appropriate.

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

b) Identification algorithms shall be-designed in a way that the probability of a certain dgcision being
¢orrect (e.g. probability of havingidentified a certain safety-related object correctly) is calculated
and can be monitored. Deeisions with a high uncertainty outcome shall be re-evaluated using
dlternative approaches and/or additional information. If, after the re-evaluation the |uncertainty
remains unacceptable, external assistance shall be sought or a protective stop shall be|initiated.

c) Validity checks shallbe made on decisions which can lead to hazardous situations.

EXAMPLE The correct identification of a safety-related object can be checked by taking intlo account the
lace wheretis found or the time and place where this object was seen the last time.

d) Decisionsshall be verified by diverse sensing principles.

Allp ntrol system

perfo

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 Hazards 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 motor 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 reached by parts of the body.

5.13.2 Inh

rently safe design

The followir

a)

b) the per;
shafts, g

the per;

5.13.3 Safd

Hazards dug
on the fores

guards are removed, if deemed necessary by risk assessment;

Appropriatg
a) Wheref
1) fixq
2) the
3) wh

b)
1) moy
ren|
2) moy
haz
con|

sha
by 1

Where movable guards are used, the'following measures shall apply:

fform to ClauSe 6 in accordance with the personal care robot’s risk assessment; the g

1g measures shall be applied where appropriate:

onal care robot shall be designed with the minimum number of accessible moying parj

rears, drive belts, wheels, tracks or linkages are not exposed.

guards and complementary protective measures

to moving parts shall be prevented either by fixed guards of\by movable guards, deper
eable frequency of access, in accordance with ISO 14120:

method(s) shall be chosen from the following.
ixed guards are used, the following measures shall-apply:
d guards shall be installed so that they can bg*opened or removed only with tools;

r fixing system shall remain attached tethe guards or to the personal care robot whe

bre possible, guards shall be incapable of remaining in place without their fixings.

able guards shall be designed so that they cannot be removed easily, and once op
ain attached to the gensonal care robot;

rable guards shall*be interlocked with the hazardous movements in such a way
ardous moveinents come to a stop; the control system performing this function

I remain.closed and locked until the risk due to the hazardous machine functions cov
he guard has disappeared, in accordance with ISO 14119;

) Enclosu|res shall be used to provide protection against rotating components.

ts;

onal care robot shall be designed with moving parts in which components such as motor

1ding

n the

bned,

that
shall
uard
ered

5.13.4 Info

rmation 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 Veri

fication 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.

NOTE T Warnings (€.g. acoustical, visual) mighnt annoy the User ol any numan near the persongl care robot,
causing them to manipulate the robot in order to cease the signal.

NOTHE 2  Alternative indications might also be required for users with disabilities, e.g. thase whjp have visual
impajrment or difficulty with hearing.

5.14{2 Inherently safe design

Whete needed, the personal care robot shall be designed in a way'that it has a highly-noticeable
appeprance, 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) acoustic emitters shall be provided to warn usersefpotential hazardous situations;

b) arning lights or other optical devices shall'be provided to alert users and third pgrties to the
presence of the personal care robot;

c) the personal care robot shall stop while"a safety-related object is in its protective stop space, and
ghall continue to perform its taskswhen it has left.

5.14{4 Information for use

Where the manufacturer hasidentified a particular hazard relating to lack of awareness, wlarnings and
advige to users shall be provided in the information for use.

5.14|5 Verification-and validation

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

5.15 Hazardous environmental conditions

5.15. 1 Gemerat

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 toleraptofsnow-andtce—condittons: Muvius pat ts—atrd-electricat \,Uluyuucuto shat-be prev nted

from failure due to ice build-up. Moving parts shall be designed to be tolerant of water, moisture;dust,

and sand. E]ectrical components shall either be sealed against water or moisture, or installed inside
enclosures that provide this protection. Electrical power supplies and batteries shall-be/prot¢cted
against shoit circuits caused by immersion in water or build-up of moisture.

If a given pefsonal care robot might foreseeably operate in coastal areas, in other lotations near ocpans,

seas, other galt water bodies, or in shipboard environments, then its risk assessment shall considgr the

effects of high salinity atmospheres and salt-water sprays. If salt corrosion is dsSessed to be potentially
hazardous, yobots shall be provided with sufficient protection to ensure an-acceptable level of risk.

5.15.2 Inhe¢rently safe design

The following measures shall be applied where appropriate:

a) sealing pfjoints and other moving parts;

b) dust-registant materials for moving parts;

c) coatinglor sealing of electrical components;

d) selection of materials and adoption of (measures for inherent protection against extreme
temperatures (see 5.7.4.2);

e) water- ¢r moisture-resistant materials;

f) saline-resistant material or coatings, e.g. paints, varnishes or organic coatings.

5.15.3 Safdguarding and complementary protective measures

The following measures$hall be applied where appropriate:

a) mechanjisms toprevent dust build up (e.g. forced ventilation or washing mechanisms);

b) dustdetection and warning indications to instruct the user to perform the necessary actions;

c) air filtersatthreenctosureopenings;

d) wuse 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

Whefe any action by the user Is required for the prevention of risks, all necessary action}s as well as
apprppriate materials (e.g. tools, cloths, fluids) shall be provided in the information for ‘uge. This may

incl

5.15}5 Verification and validation
Apprjopriate method(s) shall be chosen from the following:'B, C, D, F, H

The IP rating of the personal care robot shall be validated in accordance with IEC 60529.

ulEe
inspection, e.g. with respect to salt corrosion or sand abrasion;

¢leaning for the prevention or removal of sand, dust, snow and ice;

Ilrying:
aintenance and replacement of parts.

Where salt spray tests are necessary, they shall.cohform to ISO 9227. Where corrosion of optical sensor

surfgces is significant, they shall be tested in-accordance with ISO 21227-3.
5.1 Hazards due to localization and navigation errors

5.16{1 General

A personal care robot capable of localization and navigation shall be designed in a way thatluncertainty

in lo¢alization and navigation errors does not lead to an unacceptable risk.

Uncertainty in localization shall not lead to hazardous movement of the mobile platform ¢r any other
partof the robot~hotalization errors which can cause the robot to enter a forbidden ar¢a or to lose

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

The havigationi 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
safetly¢related obstacles without causing any unacceptable risk of collision and mechanical jinstability.

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;

© ISO 2014 - All rights reserved 37


https://standardsiso.com/api/?name=63aa65852054748f734b2bc0fe4f82b4

ISO 13482

:2014(E)

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

tion;

localiza
b) comper
€) navigat
sources

originat

5.16.4 Information for use

Information|
under which

5.16.5 Veriffication and validation

Appropriatg

6 Safety

6.1 Requ

6.1.1 Gen

Where prot
shall apply.
functions (e
risk assessn
and validati

If one or m(
each of the |

a) emerge
b) protect
c)
d) safety-r
e) safety-r
f)
g)
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on maps shall be updated with new information (e.g. from internal sensors aor\ext
with a sufficiently high frequency determined by risk assessment, to prevent
ing from the use of an outdated map.

for use shall specify the intended environment for operation, andshall provide inform
conditions localization errors or navigation errors can occur.

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

rrelated control system requirements

ired safety performance

eral

bctive measures are implemented through a control system, the requirements of Clay
The required performange\level (PL) or safety integrity level (SIL) of the control sy
ectric, hydraulic, pneuratic, and software) of a personal care robot shall be determin
hent, and shall conform to either ISO 13849-1 or IEC 62061. This shall include verific
b1,

re of the following functions are used for risk reduction, a PL or a SIL shall be defing
Ised functions unless 6.1.4 applies:

ncy stop(6.2.2.2);
ve'stop (6.2.2.3);

brnal
risks

htion

(o)}

stem
bd by
htion

d for

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

elated speed control (6.4);

elated force control (6.7);

hazardous collision avoidance (6.5.2.1, 6.5.2.2);

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.
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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.

.

6.1.2

.

.

6.1.2

.

q
|

q

NOTH
with

NOTH
due t

weiglt which can be consideréd as lightweight is determined by the manufacturer considering ir

and y

NOT]H
as de

NOTH
areu
as loy

2l

Restrainttuvne
Restrainttype
[ype 2.1: Low powered physical assistance (user can overpower personal care ropot).

[ype 2.2: High powered physical assistance (user cannot overpower personal‘dare rob

.2.2 Restraint-free type

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

.3 Person carrier robot

[ype 3.1: standing, single passenger AND indoor flat surfaces AND slow AND lightweigh
jutonomous.

[ype 3.2: multiple passengers OR non-standingpassengers OR outdoor OR uneven sur
low OR not lightweight OR autonomous.

1 Asizeisconsidered tobe “small” if it isSufficiently low thata falling or overturning robot

2 Aweightis considered to be “lightweight” if it is sufficiently low that injuries other than 1
b impact are unlikely and thatya 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 intendsg
fermined by risk assessment. For a healthy adult, walking speed is usually assumed to be up td
4 Apowetis considered to be “low powered” if it is sufficiently low thatinjuries other than 1

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

NOTH

bt).

[ype 2.3: low powered AND no autonomous mode AND statically stable AND lightweight AND slow.

ight OR fast.

t AND semi-

Faces OR not

annot collide

the upper body of a user (including a sitting or lying person, depending on the intended use). A npaximum size
which can be considered as small is determined by the manufacturer considering intended task and

user groups.
hinor injuries

A maximum
tended tasks

d user group
6 km/hr.

hinor injuries

hlikely after inherently safe design measures have been applied. A maximum power which can e considered

57 “Statically stable” assumes that the stability of the robot is maintained during stand

still without

drive power after inherently safe design measures have been applied. 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 gr

ipping 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 Ta

ble 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(l);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-relatpd speed control b d b b b d c 3
6.7 Safety-relatpd force control b d b3 e4 a b5 N/A N/A
6.5._2.1, 6.5.2.2 Hazardous collision b d N/A N/A b d N 16
avoidance
6.6,6.7 Stabl_llty control (incl. over- b a2 N/A c b a2 b7 5
load protection|

1 Avoiding

2 Ifthe per

3 Iftherisk
situation (e.g,
prevents harn
4 If other li
allowed, prov

5 Ifforce cg

6 The conty
caused by sys

7

If the per

forbidden areas shall have PL d.
onal care robot is inherently unstable, PL e is required.

assessment shows that the user might not be able to overpower the persondl care robot due to any part
being unconscious), the Type 2.2 requirement shall apply unless the.rfebot has an inherent limitatioy
L being caused.

miting functions (e.g. workspace or speed limitation) also provide protection against the same risk, P|
ded that all the relevant functions are designed to this level.

ntrol is used for collision avoidance or actively holding the person, PL d is required.

ol system shall achieve PL e, but this might not be achigvable for sensing mechanisms. In this case, the
fematic failure of sensors shall be reduced as low as neasonably practicable.

onal care robot is inherently unstable, PL c is required.

cular
that

. d is

risks

6.1.4 Appllication specific performance levelrequirements

The results
application
those stated

Selection of
and appropf
affected eqy

6.1.5 Alte]

Other stand

pf a comprehensive risk assessment performed on the personal care robot and its inte|
may determine that safety-related control system performance levels higher or lower
above are necessary forthe application, and shall be met.

bne of these higher orlewer safety-related performance levels shall be specifically ident
iate limitations andcautions shall be included in the information for use provided wit
ipment.

rnative methods

ards ‘offering alternative performance requirements (e.g. control reliability) may als

nded
than

ified,
h the

o be

used (e.g. A

NSI/RIA R15.06-1999, 4.5.4). When using these alternative standards to design s3

fety-

related con

Ol SYSTems an equivatent level of Tiskreduction sihatt be achieved:

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)
b)

c)

d)

6.2.1 Robot stopping functions

6.2.2.1 General

The

function shall be provided as required by the risk assessment. Optionally these functio
provijsion for the connection of external protective devices, and an.€mergency stop outpu
be provided. Table 2 provides a comparison between emergency §top and protective stop fi

NOTH In some applications, a protective stop includes providihg driving power to maintain sy
An example of this could be a walking personal assistant robot.

it shall operate on interruption of the power supply, where applicable;

it shall 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;

it shall maintain the personal care robot, and its maximum allowable load stationary on the

maximum operational travel surface gradient specified by the manufacturer;

it shall operate on loss of critical control functions.

personal care robot shall have a protective stop function, and an(independent emg

Table 2 — Comparison of emergency and protective stops

rgency stop
ns can have
[ signal may
inctions.

tem stability.

Function Emergency stop Protective stop

Purpgse Emergency Safeguarding or risk reduction

Stop ¢ategory (IEC 60204-1) Oor1l 0,1or2

Manual, automatic or may be autom

atically initi-

Initiation Manual ated by a safety-related function
Is::fltcg-related system perfor- Shall meetperformance in 6.1 Shall meet performance in 6.1

Resef] Manualenly Manual or automatic

Use filequency Infrequent Often to infrequent

Effec Remove power from the actuators to stop propa- Safely control the safeguarded hazgrd

gating the hazardous situation

6.2.2.2 Emergency stop

If an|lemergency stop capability is required, each command device capable of initiating rob
other hazardous situation shall have a manually initiated emergency stop function that:

a)
b)
‘)
d)
e)
f)

bt motion or

conformstorequirements of 6.1 and IEC 60204-1, and takes precedence over all other robot controls;

causes all controllable hazards to stop;
removes drive power from the robot actuators if the robot is in a safe state;
provides capability for controlling hazards controlled by the robot system;

remains active until it is reset;

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.

Type of robot
Safety functiofs of personal care Mobile servant Physical assistant robot Person carrier rdbot
rpbots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type 2.4 Typé 3.1 Typq 3.2
d
Emergency stoy 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 functiens, the personal care robot|shall
have one or] 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 fobot
motion, remjoving or controlling power to the robot drive-actuators, and allowing for the control of any
other hazarg controlled by the robot system. The stop.may be initiated manually or by control logid. The
restart shal] be initiated manually unless risk analysis allows automatic restart.

The protect]ve stop function performance shall‘conform to the requirements of 6.1.

The personal 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 stand-
still conditign after the robot stops,Any unintended motion of the robot in the stand-still conditiagn, or
failure of thle protective stop function should result in a category 0 stop, according to IEC 60204}1, as
determined|by risk assessment; Fhe stand-still and monitoring function performance shall confofm to
6.1. See Table 4.

NOTE This can include*a“monitored category 2 stop function, according to IEC 60204-1, provided py an
electric powdr drive system, which corresponds to a safe operational stop according to IEC 61800-5-2.

Table4 — 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
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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
iti ' i ' i i sidering all

intended operating conditions.

6.3 | Limits to operational spaces

Figure 1 illustrates operational spaces for personal care robots.

/ Maximum space \

4 - T )

Monitored
space

c)Protective stop space

O K Safeguarded space /

\ 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 Safet

Risk assessi]

the robot mijight cause harm. This shall be done by calculating speeds of representative points o

robot’s accel
speed.

Depending ¢
one is active

y-related speed control

hent shall determine the safety-related speed limit of the personal care robot, beyond W

ssible moving parts. Only authorized persons shall be able to adjust/allowable maxi

n the task(s) executed by the personal care robot, different §peed limits can exist, of
in a given situation. An appropriate way for switching spéed limits shall be determin

risk assess

The speed
do not exced

When provi
a fault, the j
related spes
related spe¢

Table

j)fthe personal care robot shall be controlled to ensure that the speeds of the moving |

ent.

d safety-related speed limit.

ded, safety-related speed control shall be designed and constructed so that in the evg
peed of the manipulator’s end-effector and other robot parts shall not exceed the s3
d limits, and a safe state shall be issued When a fault occurs. The performance of the sg
d control shall conform to 6.1. See Table 6.

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

h

rhich
h the
mum

rhich

d by

barts

nt of
fety-
fety-

Safety functio
r

Type of robot

Mobile'servant Physical assistant robot Person carrier rd

robot

hs of personal care
bbots

bot

Typed.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type2.4 | Type3.1 TypH

3.2

Safety-related g§peed control

b d b b b d c ¢

6.5 Safet

6.5.1 Gen

y-relateéd environmental sensing

eral

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), a

44

nd shall be applied to avoid hazards related to instability.
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2 Object sensing

2.1 Non-contact sensing

Non-contact sensing devices are used to:

ensure minimum operational distances, and/or

reduce the relative approach speed.

In order to avoid hazardous collisions and maintain the required level of safety, the following

requiementsapphe

a)

b)

A

NOTHE 1 IEC/TS 62046 gives guidance on the application of protective equipment.

Detefrtion of one or more safety-related objects within a_ minimum distance shall cause {
care [robot to come to a safe state either by:

Where the detection of persons is required, the minimum distance shall be determine

ISO

Where the detection of other safety-related objects than humans (domestic animals, wall
maximum space boundaries) is required, the separating distance shall be determined ad
formpulae of ISO 13855 but excluding the intrusion distance parameter “C”.

If the¢ non-contact sensing device provides reliable information about the relative approc
perspns and allows\the personal care robot to determine the worst-case relative speed |
robof and an approaching safety-related object, the calculation of the minimum distance
determined speed in replacement of K in the formulae of ISO 13855. The performance leve
contact sensing device shall not degrade the performance level of the required safety f
Tablg¢ 7.

NOT

When it is required to detect persons, electro-sensitive protective equipment (ESPE)
he relevant parts of IEC 61496 shall be used.

=

4dnd mounting shall be in accordance with the personal care robot’s risk,estimation.

|
¢quipment then ESPE can be applied and the detection capability and reliability of sucl
ghall conform to requirements determined by risk assessment.

initiating a protective stop according to 6.2.2.3; or

hccording to

If ESPE is used as the primary sensing device, it shall have an appropriate reliability in its operation

Vhen it is required to detect safety-related objects other than persons, other non-contact sensing

h equipment

he personal

initiating a safe speed reduction by the means of a safety-related speed control according to 6.4, or

aintaining a separation distance to safety-related object(s).

13855.

d according

s, furniture,
cording the

ch speed of
hetween the
can use the
| of the non-
inction. See

2 Annex C describes a typical example of how to calculate the relative speed from 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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ntact 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:

contact

a)
b)

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).

Contact sen|
ISO 13856.
capability a

Pressure-se
plates, wire
to this subc
as a safety-

in ISO 13856

6.5.3 Tray

Where ther
of the trave
capability tdg

The means
to detect an

Surface con
its braking
mechanical

Where the e
that can be
robot shall I

NOTE In|
safety-relate
destination. ]
conditions on

6.6 Stabi

sing used to detect persons shall conform to the requirements of the relevant paj
If safety-related objects other than persons shall be detected, the required-~dete
hd reliability shall be determined by risk assessment.

hsitive protective equipment (PSPE) (e.g. pressure-sensitive edges, bars, devices, bu
5) shall be used to prevent hazardous impacts. These contact sensing devices shall c
ause, in accordance with the personal care robot’s application and risk estimation. If
elated sensing device, the elements shall conform to 6.1, and shall bermounted as desc

D.

rel surface sensing

| surface, a personal care robot capable of autononious travel shall be provided wit
sense or detect safety-related surface geometryand conditions, e.g. uneven terrain, s

on-board or off-board) of detecting the surface’geometry and travel conditions shall bg
1 judge whether the robot is capable of travelling through the monitored areas.

lition detection performance shall be sufficient to allow the personal care robot to eva

Stability.

nvironment of a personal care'robot is equipped with markers, tags, and/or magnetic {
ecurely detected by a robat) they shall be placed in sufficient quantity and locations ths
jave no blind spots.

order to validate thée-travel surface sensing function, it is advisable that various types of sy
l obstacles (i.e. gaps, bumps, and/or steps) be placed between the personal care robot and its {
[he robot performance can then be checked as to whether it can safely avoid the adverse sy
safely stop without getting stuck.

lity control

OUIIEOI‘ITI

ts of
ction

ers,

used
ribed

b is an unacceptable risk of mechanical instability due\to the conditions or the geometry

h the
Fairs.

able

luate

performance in accordance with.fhe requirements in 6.2.3 as well as to maintain its

apes
tthe

rface
ravel
rface

rare robot shall be stable in all intended and reasonably foreseeable use situations

The

A personal

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 dt N/A c b q1 b2 dt
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 theypefsongl care robot
shallfbe controlled within the maximum safe contact criteria such as force limits:

Quantitative requirements on the maximum safe contact force/torque shoiild be well-examined 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 tisk assessment.

Safety-related force control shall be achieved by a safety-related’contact sensing and reacftion scheme
that prings the personal care robot to a safe state such that this force threshold cannot be gxceeded.

The feaction to an unintended contact shall meet at least the\following requirements:
a) Treacting fast enough for contact forces to remain bélow safety-related force limits;
b) bringing the personal care robot into a safe state after the contacting incident.

NOTH For literature presenting approaches_to“determine allowed contact forces and pain tdlerances, see
Bibliggraphy.

The functional safety performance of-safety-related force controllers shall conform to 6.1. $ee Table 9.

Table 9 — Performance levels for safety-related force control of personal care rjobots

Type of robot
Safety functions of personal care Mobile servant Physical assistant robot Person ¢arrier robot
robots robot
Type 1.1 | Type 1.2 Type 2.1 Type 2.2 | Type 2.3 | Type 2.4 | Type3.1 Type 3.2
Safety-related force contrel b d bl e? a b3 N/A N/A

1 Ifthe risk a§sessment shows that the user might not be able to overpower the personal care robot due to ny particular
situafion (e.g=being unconscious), the Type 2.2 requirement shall apply unless the robot has an inherent ljmitation that
prevdnts hatm'being caused.
2 If éther limiting functions (e.g. workspace or speed limitation) also provide protection against the sanje risk, PL d is

11 1 il e ddle g 11 21 1 bt b 1 ; R IR RO | 1
allo CU, PIUVIUTU UIdl dIT LT ITTITVAIIL TUIILUIUILS dI'TUCSIgHTU LU LIS ICTVTLL.

3 Ifforce 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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performing an evasion movement during the coordinated motion.

6.9 Design of user interface

6.9.1 General

stop the robot motion and provide a warning prior to the robot passing through a singularity or

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 th|
connection {

Command d
semi-autond

6.9.2 Stat|

The status
mode, fault

In the case @
robot to be
such a way §

the rela

the rela

6.9.3 Con

On connecti
if connectio
stop if conti

Aremote co
only to sign

6.9.4 Sing

The control
not cause aj

robots independently or at the same time.

e command device is tethered or untethered to the personal care robot, its eléect
o the robot shall not cause hazards.

evices shall provide control of individual or combined robot functions during manua
mous robot control modes.

us indication

bf the command devices shall be clearly indicated at all times,‘e.g. power on, operat
letected. The status should be indicated in a conspicuous locatien for the operator.

fremote controls, each command device shall clearly idefitify the parts of the personal
controlled from that unit. The remote control system shall be designed and construct
s to affect only:

Led parts of the robot;

ted functions.

hection and disconnection

bn, disconnection or reconnection ¢f any command device, whether it is intentional or n
h problems of the command device occur, the personal care robot shall perform a prote
huing the task can lead to af-inacceptable risk.

htrolled personal care robot shall be designed and constructed in such a way thatitresp
hls from the intended.control unit(s).

le command deyice for multiple robots

and switehing of control for multiple personal care robots with one command device
ly harm'toe’the user or any exposed person. The command device may control one or

rical

| and

ional

care
ed in

bt, or
ctive

onds

shall
more

It shall be cl

nnrly visible to the operator which pprqnnnl care robhotisunder the control of the comn

and

device. Every robot to be controlled shall be selected before a command can be sent to it. An unexpected

start up of a

ny unselected robot shall be prevented.

6.9.5 Multiple command devices

If multiple command devices are used, the following shall apply:

ndication shall be provided for identifying each active command device;

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

a) acleari
b)

interfac
48

e 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) ilfappropriate, it shall be clearly indicated on all command devices which one is curnent]y active and
yhich is not.

6.9.4 Cableless or detachable command device

If on¢ or more cableless or detachable command devices are available to operate the persong
the fpllowing shall apply:

a)

b)

6.9.7

If nelcessary, steps shall be taken to prevent unauthorized use of controls or paramet
even
unauthorized use, as determined by risk assessment; for example, use of anti-vandalism m
as key cards and fingerprint recognition devices to avoid unintended personal care rob
move¢s. The manufacturer should consider different levels of access for different users.

6.10

6.10

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

the case of loss of communication, or when correct control signals are not receive
eing controlled by such a device shall lead to a protective stop if continuing the task c3
nacceptable risk;

hen applicable, the maximum response time for data‘¢céommunication (including error
nd for loss of communication shall be considered for the calculation for the over
erformance (time), and shall be stated in the inférmation for use;

n command devices in which emergency stop control devices are integrated, me3
rovided to avoid confusion between active and inactive command devices (e.g. storag]
evices in an appropriate location).

Protection against unauthorized use

through remote access. Means (e.g. password protection) shall be provided for pre

Operational modes

1 General

| care robot,

d, any robot
in lead to an

correction)
all stopping

ins shall be
e of inactive

er changes,
venting any
ethods such
ot starts or

assessment

shows that any changeover between two modes is a potential hazard, then the robot sha
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.

1 perform a

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

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

mobile servant robot autonomous navigation programming and pro-

Capability. Human can
override speed and direc-
tion

gram verirication

User restrictigdn

none Key lock or passwor

protectionrequired

none none

6.10.2 Autonomous mode

A personal d
safety funct

6.10.3 Man

Manual moq
be used for
for use shi
navigation/

A risk asses
be active in

6.10.4 Sem

Semi-autong
e.g. steering
program. In
autonomouf
semi-autond

When the a
noticeable i

are robot moves automatically or autonomously under this operational mode. The req
ions for the autonomous mode defined by risk assessment shallbe active.

ual mode

le shall allow a personal care robot to be operated byshuman intervention. This mod
teaching, tele-operation, programming and program verification of the robot. Inform
1l contain appropriate instructions and wathings that the operation with mg
puidance is being performed.

sment shall be carried out to determine which safeguards and protective measures sh
manual mode to mitigate certain hazards.

i-autonomous mode

mous mode shall allow thewser to override or change the personal care robot’s funct
, hand guiding and human?robot interactive tasks while the robot is performing its

collision avoidance-function. Risk assessment shall determine the hazards associated
mous operationAocusing in particular on how the intervention starts.

itonomous ppocess overrides the manual operation the personal care robot shall pr
ndication.of-the override status to the operator. Override indications (e.g. visible

audible sou

NOTE

The_pewer assistance by a physical assistant robot is not considered as overriding, where3
autonomous prdking for collision avoidance while the human operator steps on the accelerator is consider]

d, vibrations) shall be designed to be easily recognized by the operator.

hired

b can
htion
inual

ould

ions,
task

semi-autonomous mode;the autonomous process may also override manual operation, e.g.

with

vide
ight,

s the

ed as

overriding.

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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conditions while preventing hazards from linked sequences;

d)

SEnsors.

permit the operation of hazardous functions only in reduced risk (e.g. low speed, low force)

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

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 addition, the operator shall control any moving parts only by means of actuating controls or command

dev

Cablg
or hd

If any
disal

NOTH
switd

Instr
relat

iﬁmmmmwwmgmi
or cable-less/detachable command devices (see 6.9.6) shall not be used while the robot i$i

e lengths for tethered controls operating in this mode shall not exceed the maximum l4
ight of the robot (whichever is greatest), if deemed necessary by risk assessment.

r of the above conditions become invalid during operation with guards remoyed, or safe
led, the personal care robot shall initiate a protective stop in accordanee with 6.2.2.3,

By fixing a personal care robot to a jig to constrain its motion, maintenance could be pos
hing the robot to the maintenance mode.

uctions for operation of the personal care robot in this mode,and warnings regarding
ed to operation with guards removed, shall be placed in jits\information for use (see Cl3

6.11 Manual control devices

6.11
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shall

6.11

The s
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In th
robo
such

1

1

If an

1 General

2 and 6.9.3)
n this mode.
ngth, width

ty functions

sible without

any hazards
use 8).

Fe a command device is realized with manual control devices that initiate power or notion, they

be designed and constructed to meet tHe performance criteria mentioned in 6.9.2 to 6

2 Status indication

tatus of the manual control.devices shall be clearly indicated at all times, e.g. power on
p, fault detected. The statds)should be indicated in a conspicuous location for the operg

e case of remote controls, each command device shall clearly identify the parts of the p
L to be controlled from that unit. The remote control system shall be designed and co
a way as to affec¢tonly:

he parts of the robot in question;
he funetions in question.

indicator light is used, it shall be meet ergonomic design principles for its installed loc

operational
tor.

ersonal care
nstructed in

htion and its

colo

rshall meetthe rpnlnirnmnnfc of IEC 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 Verifidation and validation

After the risk reduction process, all of the personal care robot’s performance values related te'the spfety
of the robot|shall be verified and validated. This shall include the performance of the control sysftems
with regard|to the requirements specified in Clause 6.

All safety requirements shall be verified in accordance with their associated verification standard
Details of thle verification and validation methods listed in 5.1 are described asfollows:

— A (inspection): inspecting the condition of the personal care robot-or-equipment and structjures,
using himan senses without any specialized inspection equipmentyinspection is typically cafried
out visyally or acoustically when the robot is not in operation;

— B (practical tests): testing the personal care robot or its eqiipment under normal and abngrmal
conditigns; functional tests (e.g. fault injection testing), cyclic tests (e.g. endurance testing),
performance tests (e.g. braking performance testing);

— C (meagurement): compare actual values of personal care robot’s characteristics with speg¢ified
limits;

— D (observation during operation): inspecting (as in method A) the functions of the personal|care
robot or equipment during operation (under normal and abnormal conditions, e.g. with rated
payloads, overloaded situations and under impact conditions;

— E (exanjination of circuit diagrains): structured review or walk through of the design of circuit
diagranps (e.g. electrical, pneumatic, hydraulic) and related specifications;

— F (examfination of software)ostructured review or walk through of the design of software cod¢ and
related ppecifications:code inspection or testing of the software code should follow;

— G (revidw of task-hased risk assessment): structured review or walk through of the risk analysis,
risk estimation.and relevant documentation;

— H (examinatien of layout drawings and relevant documents): structured review or walk throujgh of
the desiign 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)
b)
c)
d)

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

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

NOTH In considering the durability of the marking, the effect of normal uséis taken into account
markiing by means of paint or enamel, other than vitreous enamel, on containers that are likely
frequently, is not considered to be durable.

Except for information described in 8.2, information for use‘ean be supplied not only V
matdrial but any electronic media as long as they are easily:available in any region where 1
carefrobot is to be sold.

8.2

Markings on the personal care robot shall be'clearly discernible from the outside of th¢
necepsary after removal of a cover.

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

Swit¢hes and controls shall be’clearly marked to cause no confusion.

The following identification shall be marked on the personal care robot:

children, elderly persons, mentally impaired persons;
animals;

guests/visitors in private areas;

third parties near the robot in public areas.

Markings or indications

the business/mame and full address of the manufacturer and, where applicable, its
representative;

lype/désignation of the personal care robot;

griy-legally required marking, if applicable;

5 of persons,

For example,

o be cleaned

vith printed
he personal

b robot or if

upplier, and
If arobotis
er the robot

authorized

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

IEC 603

35-1);

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);

than 10

kilograms.

mass (in kilograms) of the personal care robot itself and/or of removable parts if they are heavier

Units of phycir‘:ﬂ guantities and their cymhn]c shall be in accordance with the International System of

Units (SI).

A personal
adjustment
ratings rang

A personal (
particular v|

For a persor
range, the 1|
However, if
arithmetic 1

to the arithinetic mean value of the range. The upper and lower limits of the rated power input or 1

current sha
clear.

If symbols a
[SO 7010; sg

NOTE1 It
standards. F
symbol mean

For switch 1
and the diff
or other visty

Iffigures ar¢
character “(
indicated by

The charact
other numb

care robot having a range of rated voltage values, and which can be operated’ wit
throughout the range shall be marked with the lower and upper limits of the elect
e.

are robot having different rated voltage values, and which have to be adjusted for us
blue by the user or installer shall be marked with the different values-

pted power input, or rated current for each of these voltage’or a ranges shall be ma
the difference between the limits of a rated voltage range does not exceed 10 % ¢
hean value of the range, the marking for rated power input or rated current may be re

1 be marked on the personal care robot so that the relation between input and voltg

re used for markings, they shall conform tothe requirements in [EC 60417-1, [EC 60204
me examples are presented in Annex E.

is observed that there is some inconsjstency with regard to meanings of symbols between
br example, symbol [EC 60417-5007\(DB:2002-10) means only “ON” (power), whereas the
s “START or ON” in IEC 60204-1.

narkings, their different positions on personal care robots connected to the supply m
erent positions of controlson all personal care robots shall be indicated by figures, le
hal means. This requirement also applies to switches which are part of a command dey

e used for indicating the different positions, the off position shall be indicated by the nuf
” and the position for a higher value (e.g. output, input, speed or cooling effect) sh4
a higher chatacter number.

er “0” shall not be used for any other indication unless it is positioned and associated
brs sothat it does not give rise to confusion with the indication of the off position.

hout
rical

b at a

lal care robot marked with more than one rated voltage, or withone or more rated voltage

rked.
f the
lated
fated
ge is

-1 or

these
same

ains,
tters
ice.

neric
11 be

with

For signals 4

ndrwarning devices visual sisnals (e g flashing lichts) and audible siognals (e o_sirens
O ’ [=] \Y [=] [=] [=] 7 (=] AY [=]

may

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.
Thisrequirement does not apply to links which can only be replaced together with a part ef the personal
carefrobot.

8.3 | User manual

A usé¢r manual shall be provided with the personal care robot so that it can bewused as intended. The user

mantial shall contain among others the following:

a) (dletailed description of the personal care robot;

b) the comprehensive range of applications for which the persehal care robot is intendqgd, including
prohibited usages, if any, taking into account variations“ef the original personal cpre robot if
appropriate;

c¢) ¢ommand devices;

d) getting and adjustment;

e) odes and means for stopping (especially-emergency stop);

f) Ilarticular risks, including residual risks, which can be generated by certain functions, by the use of
¢ertain fittings, and about specificsafeguards necessary for such functions;

g) 1easonably foreseeable misuse ‘and prohibited applications such as playing with the pgrsonal care
fobot by children;

h) fault identification and loeation, for resetting and for restarting after an intervention;

i) the operating method to be followed in the event of accident or breakdown;

NOTH Instructions for use can be marked on the personal care robot, as long as they are visible ih normal use.

If it if necessary'to take precautions during user maintenance, appropriate details shall be given.

The instructions for personal care robots incorporating batteries that are intended to be reglaced 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;

— indications for handling (e.g. drawing indicating application points for lifting equipment);

Information|

8.4 Servi

The service
require a de
by skilled p4

Maintenanc
unskilled pe

Maintenanc
quality and

The informd

a)

b)
‘)

d)

f)

g)
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environ

mental conditions for storage.

aclear,
to the p

power §

informd
contam

informg
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relating to dismantling, disabling and scrapping the personal care robot shall be prov|

ce manual

manual shall contain instruction for maintaining/resupplying the personalcare robot W
finite technical knowledge or particular skills, and hence need to beearried out exclug
brsons (e.g. maintenance staff, specialists).

b instructions provided for skilled persons and maintenancé)instructions provide
rsons need to appear clearly separated from each other.

b instructions shall contain sufficient information to.maintain the same level of s3
functionality of the personal care robot.

fomprehensive description of the equipmentyinstallation and mounting, and the conne
pwer supply/supplies;

upply requirements;

tion on the physical environment (e.g. lighting, vibration, noise levels, atmosp
nants), where appropriate;

tion (as applicable) on:

pramming, as necessary for setting up, use or maintenance of the personal care robot;
lience of operation(s);

juency of inspection;

juency-ahd method of functional testing;

lance on the adjustment, maintenance, and repair, particularly of the protective device

tion provided with the personal care robot shallMinclude where necessary the followinlg:

ided.

rhich
ively

i for

fety,

ction

heric

5 and

cird

e,
(e e~y

— recommended spare parts list;

— list

of tools supplied.

a description (including interconnection diagrams) of the safeguards, interlocking functions, and
interlocking of guards against hazards, particularly for multiple personal care robots operating in
a coordinated manner;

a description of the safeguarding and of the means provided where it is necessary to suspend the

safegua

rding (e.g. for setting or maintenance);

instructions 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 of analysis is a systematic procedure to identify potential hazards that can be caused| by a
system or mfachine, based on some aspect of its general specification. Systematic procedures-can inyolve
analysis of |ts functional specifications or interfaces, of hazards experienced with similar products
already developed, or they may use comprehensive sets/lists of generic hazard types.

Given the wjide range of possible applications of personal care robots, it is not practicable to prqduce
a single list jof hazards that can provide comprehensive coverage of all relevant‘hdazards. However, it is
possible to provide a minimum list of hazards that all applications should cover-in their results.

For all persgnal care robots covered by this International Standard, a ceinbined list has been proyided
in Table A.1l as a recommendation for the minimum coverage that should be achieved by any given
hazard identification exercise. The results of the specific hazard identification methodology shoulld be
compared with the list. If the results are found not to cover the'entire set of hazards in the list, the
hazard identification results should be extended or augmented-to cover the remaining hazards.

Table A.1 — Hazards for personal care robots

No Hazard item Hazard analysis Associated Remarks
X safety require-
Hazard Potential consequence ment clause

1. Battery dharging |Battery overload Eire,'discharge of hazardous 5.2
hazards funies or substances

2. Charging of deeply dis- Fire, discharge of hazardous 5.2
charged batteries fumes or substances

3. Contact with live batteny Electric shock 5.2

terminals

4. Battery short eitcuit Fire, discharge of hazardous 5.2

fumes or substances
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sonic emissions

fort, loss of balance, loss of

consciousness

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 1nclude rotating/
fastmevirgparts, high
pressure % draulics or
pheum fuel-burning
sulﬁ%mbl es
8. Harmful contact with high Crushing, cutting, trapping, 5.3.1 q}.v
pneumatic energy sources injection kq
9. Harmful contact with high Crushing, cutting, trapping, 5.3.1 W
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 AO
12. Uncontrolled release of Fire, burn injuries, CrK g, 5.3.2 Stored energy can occur in
stored energy (rapid dis- stabbing, cutting pneumatic apd hydraulic
charge, explosion) pressure acdqumulators,
\QQ) capacitors, batteries,
springs, coupter-balances,
\ flywheels, efc.
13. Power failure Crusl\? rappmg, dropped 5.3.3
loa naway,
14. Unintended shutdown ’@shing, trapping, dropped 5.3.3
\k.loads
&
15. Power overload r}\ Fire 5.3.3
T
16. Partial power failuré (brown- | Other hazards 5.3.3
outs)
-
17. Harmful el tatic dis- Electric shock 5.5.1
charge 6
18. |Hazards due to ni &d)d/ unexpected Other hazards 5.4
robot start-up }g\@)
19. <Dl ardous actions taken dur- | Other hazards 5.4
O_ g start-up or restart
S
20. |Hazardsd y‘ Sharp edges Cutting, severing, stabbing, 5.6
robot sha?% abrasion
21. ?\ Holes or gaps between mov- | Crushing, trapping, pinching, 5.6
« ing parts cutting, severing, abrasion
22. % Hazardous ﬂnfnrhmnnfll {'rnching h‘:\pping 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
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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 physicat assistan
robots.

27. |Hazardoyis 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. |Hazardous sub- Contact with harmful sub- Burns, irritation, sensitiza- 5.7.3

stances and 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, sensitization 5.7.3
with robot surfaces

32. |Hazardoyis High levels of dust Fire, other hazards 5.15 To be considered if a per-

environnpental sonal care robot is int¢nded
conditiors to operate:
- in household envirop-
ments
- inthe presence of high
quantities of powder dr
finely granulated matgrials
(e.g. kitchens)
- ifthe robotis intended
to operate for long perfiods
between maintenance
inspections.

33. Sand Abraded surfaces caus- 5.15 To be considered if a per-
ing sharp edges; jamming sonal care robot is int¢nded
of moving parts causing to operate in outdoor ¢nvi-
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 ppr-
TODOT tO STTOW, ICe ShoTt cITCult hazards, INcor- sonal care robot 1s intended

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- Robot emits harmful non- Burns. ocular injuries 5.75
ionising radiation |coherent optical radiation
41. Robot emits harmful coher- | Ocular injuries (blind spots, 5.7.5 Not applieabje to restraint-
ent optical (laser) radiation |full blindness) typ€)physicall assistant
rebots.
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, |fof\relevant
lighting systems, telecommu; |requirements
nications)
43. |Hazardous ionis- |Robotemits harmfullevels of | Radiation sickness, effects 5.7.6 Ionising radjation sources
ing radiation ionising radiation on reproductive capagity, should not bg employed in
mutation personal carg robots unless
there is no alternative for
the robot’s intended appli-
cation.
All uses of iopising radia-
tion should He subject to
a separate spjecific risk
assessment.
44. |EMI/EMC hazards |Loss of safety function duet0<|As defined for each function 5.8 To be considgred for all
external EMI safety functions of the
personal carg robot
45. Inadvertent operation of As defined for each function 5.8 To be considgred for all
function indueedby external functions of the robot (both
EMI application/$ervice func-
tions and saflety functions)
Consequencgs and affected
areas are as fletermined by
functional hazard 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 1o rractucar Aym‘-, Straccfull Ayp i —HSaF 5‘2
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- 59.3 Tq beconsidered for all
ardous situations safety functions requifing
timely user actions vid the
user interface
53. Excessive false positive 59.3
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 worsen-
ships, causing incorrect/inap- ing condition, considefa-
propriate user responses tion shall be given to their
changing performancg as
well
55. Poor visibility of personal Occurrence of othér hazards 59
care robot as a consequenee of human
error
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