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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 ISQ_also take part in the wark SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.
The main tagk of technical committees is to prepare International Standards. Draft Internatiohal Standards adopted
by the techmical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights| ISO shall not be held responsible for identifying any or all such patent rights.

ISO 13855 was prepared by Technical Committee ISO/TC 199, Safety ofinachinery.

Annexes A, B and C of this International Standard are for information<only.
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Introduction

The effectiveness of certain types of protective equipment described in this International Standard to minimize risk
relies, in part, on the relevant parts of that equipment being correctly positioned in relation to the danger zone. In
deciding on these positions, a number of aspects are to be taken into account, such as:

— then

— the pr
— the st
— thety
— there

— the tin
exam

— thebi
— the p4
— the pq
— the pq

If these ag
updated.

ed-to idnnﬁfy hazards and to assess ricllc;

actical experiences of users, including accident statistics and existing national standards;
pte of the art and possible future technical developments;

be of equipment to be used;

sponse times of protective equipment used;

ne taken to ensure the safe condition of the machine following aperation of the protective e
ble to stop the machine;

b-mechanical and anthropometric data of body parts;
th taken by the body part when moving from the sensing or actuating means towards the da
ssible presence of a person between the devicerand the danger zone;

ssibility of undetected access to the danger'zone.

This Interpational Standard gives guidance based on the assumption that the correct device has

either by r

The calcu
by approa
cutting or 4

Protection
mechanica

pference to the appropriate Type-C standard or by carrying out a risk assessment.

ated distances, when-implemented, will provide sufficient protection for persons against the
Ching a danger zene which generate any of the following mechanical hazards, such as: crush
evering, entanglement, drawing-in or trapping, friction or abrasion, stabbing or puncture and in

againststhe risks from mechanical hazards arising from the ejection of solid or fluid mater

quipment, for

hger zone;

pects are further developed, the current state of the art, reflected in this International Stapdard, will be

been chosen

risks caused
ng, shearing,
npact.

als and non-

| hazards such as toxic emissions, electricity, radiation etc. are not covered by this Internationgl Standard.

The distapcés are derived from data that take into account population groups likely to be found

in European

countries and are consequently applicable to those groups.

NOTE 1

If this International Standard is to be used for non-industrial purposes, then the designer should tak

that this data is based on industrial experience.

NOTE 2

e into account

Until specific data is available for approach speeds for children, this International Standard uses adult speeds and
lower detection factors, where relevant, to calculate the distances that could be within the reach of children.

This International Standard has been prepared to be a harmonized standard in the sense of the Machinery
Directive of the European Union and associated regulations of the European Free Trade Association (EFTA). This
International Standard is based on EN 999:1998, published by the European Committee for Standardization (CEN).
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INTERNATIONAL STANDARD

ISO 13855:2002(E)

Safety of machinery — Positioning of protective equipment with
respect to the approach speeds of parts of the human body

1 Scope

This Inter
methodolo
danger zo

These sp¢g

national Standard provides parameters based on values for hand/arm and approach’ spe
gy to determine the minimum distances from sensing or actuating devices of protective eq
ne.

cific devices are:

a) trip devices as defined in EN 292-1:1991, 3.23.5 (specifically electro-sensitive’ protective equipm

sensit
b) two-h

NOTE
hand, are n

ive mats), including those used additionally to initiate operation;

and control devices as defined in EN 292-1:1991, 3.23.4 and covered by ISO 13851.

pt considered to be protective equipment.

This Interpational Standard does not apply to protective equipment which is intended to be moved,

nearer to {]

he danger zone than the calculated distance, e.g..pendant two-hand control devices.

The mininpum distances derived from this International Standard do not apply to protective equiprn

detect the

2 Nomn

The follow
this Intern
publication
investigate
undated r
maintain r

ISO/TR 13
terminolog

ISO/TR 17

hative references
ng normative documents_contain provisions which, through reference in this text, constitute

s do not apply. However, parties to agreements based on this International Standard are e

the possibility of @pplying the most recent editions of the normative documents indicate
pferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

100-1:1992, Safety of machinery — Basic concepts, general principles for design — H
y, methodology

eds and the
uipment to a

bnt, pressure

For the purposes of this International Standard, hold-to-run controls, which are designed to be actyated with one

without tools,

nent used to

presence of persons within an area already.protected by a guard or electro-sensitive protectivg equipment.

provisions of

ational Standard. For datéd references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

Part 1: Basic

2: Technical

100-2:1992, Safety of machinery — Basic concepts, general principles for design — Part

principles

na speciications

ISO 138511), Safety of machinery — Two-hand control devices — Functional aspects and design principles

ISO 13852:1996, Safety of machinery — Safety distances to prevent danger zones being reached by the upper

limbs

ISO 14121:1999, Safety of machinery — Principles of risk assessment

IEC 61496-1:1997, Safety of machinery — Electrosensitive protective equipment — Part 1: General requirements

and tests

1) To be published.

© ISO 2002 - All rights reserved
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3 Terms

and definitions

For the purposes of this International Standard, the terms and definitions given in ISO/TR 12100-1 and
ISO/TR 12100-2 and the following apply.

3.1
actuation

(of protective equipment) physical initation of the protective equipment when it detects movement of the body or a
part of the body

overall systém stopping performance

3.2
T
time or travel
machine ass
T=1+
where
t1 is t
dev
tp is th
risk
e.g.
[IEC 61496-1
NOTE TH

occurring from the actuation of the sensing function to the cessation of hazardous motion,)or t
iming a safe condition, comprising a minimum of two phases:

2

ne maximum time between the actuation of the sensing functiopyand the output signal
ces being in the off state,

e maximum response time of the machine, i.e. the time required to stop the machine or r
5 after receiving the output signal from the protective equipment. # is influenced by vario
temperature, switching time of valves, ageing of components.

11997, 3.20]

e relationship of ¢4 and ¢, is given in Figure 1. 74 and #, are functions of the protective equipment and t

respectively apd are determined by design and measurement:

Key

D the

switching

emove the
Is factors,

he machine

1 Actuatin

of.protective equipment

2
3

3.3

Operation of protective equipment
Elimination of risk

Figure 1 — Relationship between 71 and #»

detection capability

d

sensing function parameter limit specified by the supplier that will cause actuation of the electro-sensitive protective
equipment (ESPE)

[IEC 61496-1:1997, 3.6]

© 1SO 2002 - All rights reserved
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3.4

ISO 13855:2002(E)

electro-sensitive protective equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-sensing purposes and
comprising as a minimum a sensing device, controlling/monitoring devices and output signal switching devices

[IEC 6149

6-1:1997, 3.1]

4 Methodology

Figure 2 pfovides a schematic representation of the methodology for determining the correct position

actuating ¢
a) Identi
b) IfaT)

mach

y the hazards and assess the risks (see ISO/TR 12100-1 and ISO 14121).

ne-specific standard, and then use the distance specified by that European standard.

c) Ifthene is no Type-C standard or if the Type-C standard does not specify any-minimum distances,
formujae in this International Standard to calculate the minimum distance for the protective equipment
selecfed. The selection of the appropriate type of protective equipmentsshould be made in accord
relevgnt Type-A and Type-B standards.

d) Incorgorate the distance in the machine design.

e) Ensu
witho
f) Chec
equip

t detection by the device.

if the determined position will allow persons to be between the sensing devices of t

required depending on the risk.

bf sensing or

evices of protective equipment in accordance with this International Standard, which is as(fellqws.

pe-C standard exists for the machine, select one of the specified types of proteetive equipnient from that

then use the

ance with the

that the device has been installed in such a mannerthat access to the danger zone will ngt be possible

e protective

ment and the danger zone without being’ detected. In this case, supplementary measifires may be

© ISO 2002 - All rights reserved
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Identify the hazards
Assess the risks

Is there
a Type-C standard
for the machine ?

Yes

Select appropriate
protective equipment
as specified in
Type-C standard

Yes

No

protective equipment

Select appropriate

using Type-A and
Type-B standards

Calculate minimum
distance by
formulae in

No

Are specific
formulae of
minimum distances
given in-Type-C
standards ?

ISO 13855

Can this
minimum.distance
be achieved ?

Detefmine
minimum| distance
according to the
Type-C gtandard
Reduce overall .
response time and/or U.S? this
reduce parameter C m_|n|’mum
(see clause 5) distance

Does the Can overall
mipimum distance response time
allow persons totbe P
- No be reduced or can
withip the dangerzone arameter C
without being P ”
detected ? be reduced 7
\Yes No No
Use this minimum Use this Use additional or
distance together with minimum alternative protective
supplementary measures distance equipment

depending on the risk

Figure 2 — Schematic of methodology
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5 General formula for the calculation of minimum distances

The minimum distance, in millimetres, from the danger zone to the detection point, line, plane or zone shall be

calculated

by using the following general formula:

S=(KxT)+C

where

(1)

K is a parameter in millimetres per second, derived from data on approach speeds of the body or parts of
the body (see also annex B);

T s
C i
For worke
6 Calc

Users of f
accordanc
undertake

This claus

a) normal approach (see Figure 3);

b) parall
c) angle
Where it i
equipment

protective

Access to
other protg

the protective equipment.

the overall system stopping performance in seconds (see 3.2);

an additional distance in millimetres, based on intrusion towards the danger zone pfior tg

| examples see annex A.

his International Standard shall select and use electro-sensitive protective equipment for
e with the appropriate Type-C standard for that particularmachine. If no Type-C standard exi
a risk assessment according to 1ISO 14121.

b considers three main applications based on thedirection of approach to the detection zone?)

b| approach (see Figure 4);
i approach (see Figure 5).
5 foreseeable that any gaps-adjacent to or within the detection zone of the electro-sensit
will allow access to the danger zone, this should be taken into account in the correct posi

equipment and additional safeguards considered.

the danger zone by reaching over or round the electro-sensitive protective equipment, toge]
ctive equipment-and additional safeguards, shall be prevented.

ulation of minimum distances for electro-sensitive protective equipment
employing active opto-electronic protective devices

actuation of

h machine in
bts, they shall

ve protective
ioning of the

ther with any

2) Forthe

definition of detection zone, see IEC 61496-1.

© ISO 2002 - All rights reserved
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mples of normal approach

Figure 3 — Three exa
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6.1 Direction of approach normal to the detection zone

6.1.1 Electro-sensitive protective equipment employing active opto-electronic protective devices

The minimum distance from the detection zone to the danger zone shall not be less than that calculated using the
following formula:

§=(000mm/s xT)+ 8 (d— 14 mm) (2)

by substituting in formula (1) (see clause 5):

K =2000 mm/s;
C = 8|(d — 14 mm), but not less than 0,
where d is|the detection capability of the device in millimetres.

This formyla applies to all minimum distances of S up to and including 500 mm. The minimum value of § shall not be
less than 100 mm.

If S'is founfl to be greater than 500 mm using formula (2), then the following formula can be used:
S= (11600 mm/s x T) + 8 (d — 14 mm) (3)
by substitdting in formula (1) (see clause 5):
K =1600 mm/s;
C = 8|(d — 14 mm), but not less than 0.
In this casg, the minimum value of S shall not be less than 500 mm.
Where it if foreseeable that electro-sensitive pratective equipment employing active opto-electronic protdctive devices

will be used in non-industrial applications, for.example in the presence of children, the minimum distancg S calculated
with formula (2) shall be increased by atteast 75 mm. It shall be noted that in such cases formula (3) is npt applicable.

6.1.2 Electro-sensitive protective equipment employing active opto-electronic protective deviges used for
reinitiation of machine operation

Electro-sensitive protective )}équipment employing active opto-electronic protective devices used for feinitiation of
machine gperation shalld1ave a detection capability equal to or less than 30 mm, formula (2) (see 6.1.]1) shall apply
and the minimum distance S shall be greater than 150 mm.

If the detegtion capability is equal to or less than 14 mm, formula (2) shall apply and the minimum distance S shall be
greater thgn-100 mm.

NOTE 1 Conditions for using electro-sensitive protective equipment in the reinitiation of machine operation are given in
ISO/TR 12100-1 and ISO/TR 12100-23) and relevant Type-C standards

NOTE 2  Additional requirements for electro-sensitive protective equipment are given in IEC 61496-1.

3) These requirements are under preparation and will be contained in the revision of ISO/TR 12100-1 and ISO/TR 12100-2.

© ISO 2002 - All rights reserved 7
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6.1.3 Electro-sensitive protective equipment employing active opto-electronic protective devices with
detection capability greater than 40 mm and less than or equal to 70 mm

Such pieces of equipment will not detect intrusion of the hands and therefore shall only be used where the risk

assessment i

ndicates that detection of intrusion of the hands is not necessary.

This equipment shall be installed in accordance with the following parameters.

The minimum distance from the detection zone to the danger zone is in part dependent on the part of body to be

detected and

shall be calculated using the following formula:

S= (1 6(G0mMmfs= T) +856-mm
by substituting in formula (1) (see clause 5):
K =1600 mm/s;

C =850 [mm.

orequalto 3

Where it is f
example in tH

The risk of ipadvertent access shall be taken into account during the risk assessmeént stage but, in all
height of the uppermost beam shall be greater or equal to 900 mm and the height of the lowest beam shall
0 mm.
oreseeable that electro-sensitive protective equipment will be used in non-industrial applig

6.1.4 Multiple separate beams

Multiple sepd
the whole bo

If the risk asq

from the danger zone in accordance with formula-(4) (see 6.1.3).

During risk a
for example:

— crawling
— reaching
— reaching

— bodily a

e presence of children, the height of the lowest beam shall-be smaller or equal to 200 mm.

rate beams, for example a combination of 2, 3:0r4 separate beams, are often used to detect
jy rather than parts of the body.

essment indicates that separate beams are appropriate, they shall be positioned at a minimu

Esessment, methods which can'\possibly be used to bypass such equipment shall be taken inf

below the lowest beam;
over the top beam;
through between two of the beams;

cess'hy passing between two beams.

(4)

cases, the
be smaller

ations, for

ntrusion of

M distance

0 account,

The heights fl

5 - T ven in Table 1 have heen found fa | N _

Table 1 — Heights for beams

Dimensions in millimetres

Heights above reference plane,

Number of beams for example the floor

4 300, 600, 900, 1200
3 300, 700, 1100
2 400, 900

© 1SO 2002 - All rights reserved
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gle height beams

These beams have only been considered when they are used parallel to the ground and the beam is broken by a
person's body in the upright position.

Where the risk assessment allows a single height beam to be used alone then the minimum distance shall be

calculated

S=(1

using the following formula:

600 mm/s x T) + 1 200 mm

()

A height of 750 mm from the ground or reference plane (see ISO 13852:1996, 4.1.1) has been found in industry to

b t ] Lot rS +lo Ll £ 2 <l 4 + £ rS H | = H <l +lo =
e a praC LAl SUTULIUTT TU UTC PJTUVITTITO UT TMIAUVTTITTIU AULT oo TTUNTT SITPUPITTY UVET UT UTTIUITTY Uliucth Uic 4

6.2 Direction of approach parallel to the detection zone

This mininpum distance shall be calculated using the following formula:

s=(1

by substitdting in formula (1) (see clause 5):

K =1[600 mm/s;

Cc=1

refergnce plane, for example the floor, in millimetres.

For this ty
However,

children) there is a risk of inadvertent undetected access beneath the detection zone. This shall

account in|

The lowes} allowable height of the detection zone shall be calculated using the following formula:

H=1p (d — 50 mm)

Thus, for 4§

d:1—:+50 mm

That means, where\the height of the detection zone is known or fixed, a maximum detection capa

calculated
or if a det
1 000 mm

600 mm/s x T) + (1 200 mm — 0,4 H)

200 mm - 0,4 H, but not less than 850 mm, where H_ is the height of the detection zon

if H is greater than 300 mm (200 mm for nof=industrial applications, for example in the

the risk assessment.

D

for example when calculating the horizontal section of L-shaped electro-sensitive protectiv
ction capability is known or fixed, a minimum height can be calculated, up to the allowable

eam.

e above the

pe of protective equipment, the height H of the\ detection zone shall not be greater than 1 000 mm.

presence of
e taken into

(7)

given height of the detection zone, the corresponding detection capability d shall be calculated using the
following fprmula:

(8)

bility can be
e equipment,
maximum of

© ISO 2002 - All rights reserved
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Key
Height of|detection zone above reference plane
Minimum|distance

Danger zpne

Detectior] zone

Direction|of approach

a b WON =2 0 om@

Fixed guIrd

Beginning of the detection zone

Figure 4 — PRarallel approach to the detection zone
6.3 Direction of approach angléd to the detection zone

If the protectjve equipment has-been installed so that the angle of approach to the detection zone is Wiu‘hin + 5° of
their designeld approach (eithermormal or parallel), then it need not be considered as an angled approach detection

zone and thg relevant formulae will apply (see 6.1, 6.2 and 6.4).

For detectior] zones which are positioned at angles greater than + 5° to the direction of approach, accoupt shall be
taken of the fisks associated with the foreseeable methods of approach and the most appropriate formulg used.

Foreseeable|angdles of approach greater than 30° should be considered normal approach [see 6.1 and Figure 5a)]
and foreseeable angles of approach less than 30° should be considered parallel approach [see 6.2 and Figure 5b)].

When angled approach detection zones are considered as parallel approach, then formula (7) linking # and d in 6.2
shall apply to the lowest beam or the beam closest to the reference plane (see H in Figure 6). In the case of
parallel approach, the formula to derive the minimum distance S shall apply to the beam furthest from the danger
zone. This beam may be used up to a maximum height of the detection zone of 1 000 mm.

10 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=f63d5f21f94d56f3552f23c5bb2d7826

Key

a b WO N 2 U0
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Dangsg
Detect
Direct
Fixed

<

hm distance

r zone

ion zone

pn of approach
juard

Beginning of the detection zone

Figure 5 == /Angle of approach to the detection zone
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Key

a B WN =22 U

Height of|the detection zone
(lowest bpam)

Minimum|distance

Danger zpne

Detectior] zone

Direction|of approach

Fixed gu

rd
BeginninI of the detection zone

Figure 6 — Height of the detection zone (lowest beam)

6.4 Dual position equipment

When the dgtection zone caf-pe readily converted to a position either normal or parallel to the d
approach, then the minimum. distances for both directions of approach shall be applied (see example 3 in

The axis of rptation of'the detection zone shall be at a point where both requirements can be achieved.
not necessaijly be thesast beam.

When in pogition normal to the direction of approach (vertical detection zone), the minimum distance
calculated usingformmuta(2)(see 6-t-H)up to S <566

irection of
A.4).

This need

S shall be

If S is found to be greater than 500 mm using formula (2), then formula (3) (see 6.1.1) may be used but with a
minimum distance of 500 mm.

When in position parallel to the direction of approach (horizontal detection zone), the minimum distance S shall be
calculated using formulae (6), (7) and (8) (see 6.2) up to a maximum height of 1 000 mm.

12
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o OOOOOO?‘

\
)OOOOOOA)'

Figure 7 — Dual position equipment

7 Method of calculating the minimum distances for ground level trip devices

7.1 General method

The selecfion and use of ground level trip devices actuated.by‘the feet is dependent on the approgriate Type-C
standard gr a risk assessment in accordance with ISO 14121 ifno Type-C standard exists.

Examples|of ground level trip devices include pressure, 'sensitive mats, pressure sensitive floors and active opto-
electronic protective devices.

The minimum distances derived in this clause-for’'ground level trip devices assume that the approach|speed to the
danger zope will be at walking speed. Regarding the risk of stepping over the detection zone, see anngx B.

The minimum distance shall be calculated using formula (6) (see 6.2):
S= (1600 mm/s x T) + (1 200,mm - 0,4 H) (9)
where

S ig the minimumd{distance in millimetres in a horizontal plane from the danger zone to the detefting edge of
the devicefurthest from the danger zone;

H

4 therdistance above the reference plane, for example floor, in millimetres (see 7.3).

7.2 Floor mounting

In most situations, the trip device will be fitted directly onto the floor, i.e. H is equal to zero. Therefore the minimum
distance for trip devices installed on the floor shall be calculated using formula (9) derived from formula (6) (see
6.2).

S§=(1600mm/s x T)+ 1200 mm (10)
7.3 Step mounting

If the trip device is mounted onto a step or raised platform, then the minimum distance may be reduced by 0,4 H,
where H is the height of the step in millimetres.
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8 Two-hand control devices

The minimum distance from the nearest actuator to the danger zone shall be calculated using the following

formula:

S= (1600 mm/s x T) + 250 mm (11)
by substituting in formula (1) (see clause 5):

K =1600 mm/s;

C = 250 mm.
If the risk of| encroachment of the hands or part of the hands towards the danger zone is eliminated while the
actuator is being operated, for example by adequate shrouding, then C may be zero, with asminimum| allowable
distance for § of 100 mm.
NOTE IS[O 13851 gives advice on shrouding to prevent defeating the intended operation of a control. Measures described
there are not gdequate in all applications to prevent encroachment of the hands or parts of the hands towards the dahger zone.

14
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