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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
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nent was prepared by Technical Committee ISQ/TC 199, Safety of machinery, in collabo
an Committee for Standardization (CEN) Te¢hnical Committee CEN/TC 114, Safety of
1ce with the Agreement on technical cooperation between ISO and CEN (Vienna Agree

edition cancels and replaces the segond edition (ISO 13855:2010), which has been

hanges are as follows:

ent expanded for applicable cases and partly revised to be state-of-the-art;
revised for clarity and better understanding;

wvording improvéedito better focus on the document’s content;

4 improved for better explanation of the methodology;
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requirements for single control devices (hand- and foot-operated) and interlocking guards added;
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The structure of safety standards in the field of machinery is as follows:

s that can be applied to all machinery;

that can be used across a wide range of machinery:

type-A standards (basic safety standards) giving basic concepts, principles for design, and general

type-B standards (generic safety standards) dealing with one safety aspect or one type of safeguard

— type-B1 standards on particular safety aspects (e.g. safety distances, surface temperature, noise);

pe-B2 standards on safeguards (e.g. two-hand control devices, interlocking devices

pressure-

a)
aspect

b)
se
c) type-Q
machij
This docun
This docur

players wif

machij
health

Others can

hsitive devices, guards);

standards (machine safety standards) dealing with detailed safety requirements-for g
e or group of machines.

nent is a type-B1 standard as stated in ISO 12100.

hent is of relevance, in particular, for the following stakeholder groups representing
h regard to machinery safety:

e manufacturers (small, medium and large enterprises);

above-mentioned stakeholder groups:

— machil

machij

servicq

The above
process of

In addition
The requir;

For machil
built accor
that type-
standard t

e users/employers (small, medium and large. enterprises);
e users/employees (e.g. trade unions, orgahizations for people with special needs);

e providers, e.g. for maintenance (small, medium and large enterprises);

consuiners (in case of machinery intended for use by consumers).

this document.
this document is intenided for standardization bodies elaborating type-C standards.
ements of this,doeument can be supplemented or modified by a type-C standard.

nes which @are covered by the scope of a type-C standard and which have been de

[ standard deviate from the requirements in type-B standards, the requirements of {
ke precedence over the provisions of other standards.

and safety bodies (regulators, accident prevention organisations, market surveillance).

particular

the market

be affected by the level of machinery safety achie¥ed with the means of the document by the

tmentioned stakeholder groups have been given the possibility to participate in the drafting

bigned and

ding to-the requirements of that type-C standard, the following applies: if the requifrements of

hat type-C

Correct positioning of protective devices is critical for them to be effective. In deciding on these positions, a

number of

aspects are taken into account, such as:

the necessity of a risk assessment according to ISO 12100;

the practical experience in the use of the machine;

to stop the machine;

the bio-mechanical and anthropometric data;

© IS0 2024 - All rights reserved
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the time taken to achieve the intended risk reduction following operation of the safeguard, for example,

any intrusion by a part of the body towards the hazard zone until the protective device is actuated;


https://standardsiso.com/api/?name=fe1eb8b307629a0fc835ccc961a10d64

ISO 13855:2024(en)

— the path taken by the body part when moving from the detection zone towards the hazard zone;
— the possible presence of a person between the safeguard and the hazard zone;

— the possibility of undetected access to the hazard zone.

© IS0 2024 - All rights reserved
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Safety of machinery — Positioning of safeguards with respect
to the approach of the human body

1 Scope

This document specifies requirements for the positioning and dimensioning of safeguards with respect

to the app
follows:

the po
sensitil

the po

the po

oaciT of tie amrarm body or- itsparts towards razard (S withi the imtended Spar-of

-control as

cition and dimension of the detection zone(s) of ESPE and pressure-sensitive,mats and pressure-

ve floors;
sition of two-hand control devices and single control devices;

bition of interlocking guards.

This document also specifies requirements for the positioning of safetysrelated manual cont

(SRMCD) ¥
relative to:

— thepo
sensitli

— thepo

Vith respect to the approach of the human body or its patts from within the safeg

ol devices
hard space

cition and dimension of the detection zone(s) of ESPE.and pressure-sensitive mats and pressure-

ve floors; and

sition and dimension of interlocking guards.

When evaluating the ability of the human body or-its parts to access SRMCD from within t

safeguarde
safeguard(

NOTE1
tested and

NOTE 2
document.

This docun
Safeguard;
a)

electrd

ac

d space, the requirements of this document are also applicable to determine the di
5). Approaches such as running, jumping or falling, are not considered in this documen

'he values for approach speeds (walking speed and upper limb movement) in this documg
roven in practical experience.

ther types of approach can'result in approach speeds that are higher or lower than those de

hent applies to safeguards used on machinery for the protection of persons 14 years afj
considered n'this document include:
-sensitive protective equipment (ESPE) such as:

Fivecopto-electronic protective devices (AOPDs) (see IEC 61496-2);

Ad

ato Diffuca raflaction tht bhovun A A s oen
tHSe—ferreetioh—+that1t

intended
ensions of
t.

nt are time

fined in this

1d older.

Hied in two

DPBRCc racnhancivy
5T E5pPOTSTY

T—cto—tT

dimensions (AOPDDRs-2D) (see IEC 61496-3);

dimensions (AOPDDRs-3D) (see IEC 61496-3);

b)

pressure-sensitive mats and pressure-sensitive floors (see ISO 13856-1);

two-hand control devices (see ISO 13851);

© IS0 2024 - All rights reserved
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AOPDs responsive to diffuse reflection that have one or more detection zone(s) specified in three

visionbased protective devicesusingreference patterntechniques (VBPDPP) (see [EC/TS 61496-4-2);

vision based protective devices using stereo vision techniques (VBPDST) (see IEC/TS 61496-4-3);
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interlo
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single control devices;

cking guards (see ISO 14120).

This document is not applicable to:

nearer to the hazard zone than the separation distance;

materi

als, radiation, electric arcs, heat, noise, fumes, gases);

safeguards (e.g. pendant two-hand control devices) that can be manually moved, without using tools,

protection against the risks from hazards arising from emissions (e.g. the ejection of solid or fluid

protection against the risks arising from failure of mechanical parts of the machine or gravity falls.

The separdtion distances derived from this document do not apply to safeguards used solelyfd

sensing fu

2 Norm

The follow
requireme
the latest e

[SO 12100:

[SO 13857;
lower limb{

3 Term

For the puj
ISO and IE

ISO On
IEC El¢

3.1 Terr

3.1.1
overall sy
DEPRECAT
T

time intery

Note 1 to en

ction.

ative references

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

2010, Safety of machinery — General principles for design — Risk'assessment and risk re

2019, Safety of machinery — Safety distances to prevent hazard zones being reached by

s, definitions, symbols and abbreviated terms
poses of this document, the terms and definitions given in ISO 12100 and the followin
[ maintain terminology databases for,us€ in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at httpsi//www.electropedia.org/

ns and definitions

stem response-time
ED: overall system stopping performance

al between the actuation of the sensing function and achieving the intended risk redu

try:This time typically includes tolerance factors (e.g. due to uncertainty of measurements, cq

I presence

ronstitutes
references,

Huction

upper and

s apply.

2]

rtion

nsideration

of environn

ental factor such as friction).

3.1.2

response time

t

X

maximum time between the occurrence of the event leading to the actuation of the safeguarding device and

the achievi

ng of its intended state

Note 1 to entry: This time typically includes tolerance factors (e.g. due to uncertainty of measurements, consideration
of environmental factor such as friction).

[SOURCE: IEC 61496-1:2020, 3.21, modified — The wording “output signal switching devices OSSD achieving
the OFF state” has been replaced by “achieving of its intended state”. The wording “sensing” has been

© IS0 2024 - All rights reserved
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replaced by “safeguarding”. The original Notes 1, 2 and 3 to entry have been deleted and a new Note 1 to
entry has been added.]

3.1.3
detection
d

ability to d

[SOURCE: I
3.14

capability
etect the specified test piece(s) in the specified detection zone

EC 61496-3:2018, 3.3, modified — Notes to entry and references have been removed.]

effective detection capability

d

sgnsing fugrctiom parameter timmitset by the imtegratorof thedevice thatwittcauseitsactuation

3.1.5
electro-se
ESPE
assembly
purposes a

a Sens)

contro

output
Note 1 to en

[SOURCE: ]
new Note ]

3.1.6
indirect aj
approach v

Note 1 to en

3.1.7
detection
zone withi

Note 1 to en

Note 2 to
and pressu
synonymou

[SOURCE:

nsitive protective equipment

pf devices and/or components working together for protective tripping) or preser
nd comprising as a minimum:

ng device;

lling/monitoring devices;

signal switching devices and/or a safety-related data interface.
try: ESPEs refer only to non-contact sensing devices.

EC 61496-1:2020, 3.5, modified — The original:\Notes 1 and 2 to entry have been de
to entry has been added.]

bproach
Vhere the shortest path to the hazardizone is obstructed by a mechanical obstacle

try: The hazard zone can only be approached by going around the obstacle.

zone
h which a specified test piece is detected by the sensitive protective equipment

try: The detection-zone can also be a point, line or plane.

entry: ISO 13856-1 uses the term “effective sensing area” when describing pressure-ser]
e-sensitive \fleors. In this document, the terms “detection zone” and “effective sensing arg

Sly.

[EC<61496-1:2020, 3.4, modified — “electro-” has been removed before “sensitive

ce-sensing

eted and a

sitive mats
a” are used

protective

equipment

"and Note 2 to entry has been added.]

3.1.8

separation distance
DEPRECATED: minimum distance

S

minimum distance required between the actuation position of the protective devices and the hazard zone
to prevent the human body or its parts from reaching the hazard zone before the cessation of the hazardous
machine function

Note 1 to entry: Examples of protective devices are found in ISO 12100:2010, 3.28.

Note 2 to entry: The separation distance is always the shortest distance between the detection zone and the hazard
zone, independent from the entry point of the person through the detection zone.

© IS0 2024 - All rights reserved
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3.19

reaching distance associated with a protective device

DEPRECATED: intrusion distance

Dps

distance that a part of the body can move through or past the safeguard prior to actuation of the safeguard,
either towards the hazard zone or towards a safety-related manual control device (SRMCD) (3.1.14) from
within the safeguarded space

3.1.10
reference plane

level at which persons would normally stand during the use of the machine or access to the hazard zone or
safety-related manual control device (SRMCD) (3.1.14)

Note 1 to entry: The reference plane is not necessarily the ground or the floor (e.g. a working platforn} can be the
reference plane).

[SOURCE: [SO 13857:2019, 3.2, modified — “or safety-related manual control device ((SRMCD)” and its
definition reference “(3.1.14)” have been added.]

3.1.11
span-of-cgntrol
predetermijined portion of the machinery under control of a specific device or'safety function

Note 1 to entry: A protective device can initiate a stop function of a machine or a‘portion of a machine.

3.1.12
safeguarded space
area or vglume enclosing a hazard zone(s) where guards and/or protective devices are intended to
protect pefsons

3.1.13
whole body access
situation where a person can be completely inside asafeguarded space (3.1.12)

Note 1 to entry: The term whole body access is used differently in other documents to specify the opering size for
ergonomic gccess.

3.1.14
safety-related manual control device
SRMCD
control deyice which requires (deliberate human action and whose actuation can result in an [immediate
increase off the risk(s)

Note 1 to entry: Examplesyinclude actuating devices such as pushbuttons, selector switches, or foot pedals designed
for functionjs such as resef; start/restart, unconditional guard unlocking or hold-to-run control (e.g. jog, irfching).

3.1.15
single confrol device
control deyi€eywhich requires actuation by either a single hand or foot in order to initiate hazardofis machine
functions, thus providing a protective measure only for the person who actuates it

Note 1 to entry: Examples include actuating devices such as pushbuttons or foot pedals designed to control hazardous
machine functions only during actuation, or incremental movement upon each actuation.

3.1.16

industrial environment

workplace where the public is restricted from access or not reasonably expected to be present for the
intended tasks and machine applications

© IS0 2024 - All rights reserved
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dynamic hazard
source of harm that changes its location either by the movement of parts of the machine or the machine itself

Note 1 to entry: The dimensions and shape of the hazard zone associated with the dynamic hazard result from the

range of the

3.1.18

moving parts of the machine (operating space) or the moving range of the machine itself.

stopping distance
distance travelled by the hazard, hazardous point or part of the machine or the machine itself, from the
initiation of the safety function until the intended risk reduction is achieved

Note 1 to entry: Situations are possible in which the intended risk reduction is achieved even if the hazardous machine

Hanaoing
T

parts are st
Note 2 to en

3.1.19
speed and
SSC

safety fund
the speed
human bod

Note 1 to e
the parts o
capability (1
involved.

3.1.20

OvreT

try: Hazards can also travel even if machine parts do not (e.g. a rotating laser beam).

separation control

tion that achieves the intended risk reduction by maintaining the separation distance b
ind or the trajectory of the machine or its parts relative to the detected position of g

y

htry: The separation distance depends on several parameters,.€¢. the speed and approach
the human body; the speed, direction, and orientation of moewihg hazard zones; the effecti
.1.4) of the protective devices; the response time (3.1.2) of the safety-related parts of the cor

safety-related part of a control system

SRP/CS
partofa cg
a safety-re

[SOURCE: ]

ntrol system that performs a safety function, starting from a safety-related input(s) to
ated output(s)

SO 13849-1:2023, 3.1.1, modified-*~Note 1 to entry has been deleted.]

3.2 Symbpols and abbreviated terms

3.2.1 Sy

See Annex

mbols

E.

3.2.2 Abpbreviated terms

AOPD

active opto-electronic protective device

AOPDDR

y changing
arts of the

direction of
ve detection
trol system

generating

active opto-electronic protective device responsive to diffuse reflection (e.g. laser 3

canner)

VBPD
ESPE
SPE
SRMCD
SRP/CS
scs

vision-based protective device

electro-sensitive protective equipment

sensitive protective equipment (see ISO 12100:2010, 3.28.5)
safety-related manual control device

safety-related part of a control system

safety-related control system (see IEC 62061:2021, 3.2.3)

© IS0 2024 - All rights reserved
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speed and separation control

4 Methodology

4.1 General

Safeguards shall be configured and positioned such that access to the hazard zone to be safeguarded shall
be detected in time to achieve the intended risk reduction.

In an application using an SPE where two or more hazard zones are present, the separation distance for
each hazard zone shall be calculated. Where necessary, additional safeguards shall be provided to prevent

circumven

Figure 1 {
actuating ¢

-1 1
Ling-the-detectionzone-of-the-safeguard-{seeFigure12)-
rovides a representation of the methodology for determining the positioning, bf
evices of safeguards in accordance with this document, which is as follows:

hine if the considered safeguard is appropriate to achieve the intendedcrisk reduct
ied hazard (as specified in ISO 12100).

Intended risk reduction can include detection of access toward a hazard zone, as well
an SRMCD from within the safeguarded space.

pe-C standard exists for the machinery, select one of the specified types of safeguard
rd, and then use the distance specified by that standard. Ifno type-C standard exists,

p is no type-C standard, use the formulae in this document to calculate the separation d

the safleguard selected.

Type-C standards can specify minimum distaii¢ces (referred to as separation distance in thi
 or by reference to this document.

M that the application of the safeguard is within the assumptions identified within this
y the hazard zones associated withthe safeguard.

hine the separation distances'between the safeguard and its hazard zone(s). Then select]
brotective) of the separation'distances. Consideration shall be given to possible circur

the safeguard (e.g. reaching over, through, around or under).

hine if whole body aCcess is possible. If whole body access is possible, apply additionall

measufes to prevent unexpected reset/restart with person(s) inside the safeguarded space a

. If whole bodyaccess is not possible or is not applicable (e.g. two-hand control device
i).

[SO™12895 is under preparation specifically for the topic of whole body access and its deriy

no~additional detection of persons within the safeguarded space is used, SRMCD

sensing or

ion for the

as reaching

5 from that
rontinue to

istance for

5 document)

document.

thelargest
hvention of

protective
ccording to
), continue

ed risks.

s) shall be

ted and step ) —appliies. Where additiomat detection of persons withinm the safegua

ded space

is used for those additional detection means, the separation distances of this document do not apply,
continue to step i).

Determine the reaching distances for each possible approach (over, through, around or under) from the

safeguard toward the SRMCD(s). Then select the largest (most protective) of the reaching distances such
that circumvention is prevented.

a) Deterr
identif
NOTE 1
toward

b) Ifa tyj
standd
Step c).
If ther
NOTE 2
directly

¢) Confir

d) Identif

e) Deterr
(most

f) Detern
step g]
to step
NOTE 3

g) When
identif

h)

i)

Determine if the separation and reaching distances are feasible for the application. If feasible, the

process is completed, otherwise a design modification is required. Where this modification only applies
to the considered safeguard, the process shall be repeated starting at step €). Where the modification
consists of the application of a different safeguard or a modification of the machinery design (including
additional safeguards), the process shall be repeated starting at step a).
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NOTE4  Redesign of the machine or the safeguard can result in a risk reduction measure which does not
require the application of this document.

START

Select appropriate A
safeguard o

Does type-C

standard refer to
YES > IS0 13855 for the NO

application of the
safeguard?

NX YES

Confirm that application is
@ within assumptions of this

document

Identify the hazard zone(s)
associated with the safeguard

Determine separation distance

between the detection zone and .
the hazard zone(s) according
to this document

Apply requirements of

Does applicable type-C [
| type-C standard

standard exist?

\i

Apply additional protective

YES measures to-prevent reset/

restart with‘persons inside the
safeguarded space

Is whole body access
possible / applicable?

Separation distances of
YES this document do not apply for
the detection of the
presence of persons to prevent
unexpected start-up ?

Identify the SRMCD(s) Detection of persons
associated with the safeguard within the safeguarded
intended to prevent reset/Testart space applied?

{

Determine reaching distance

between the.safeguard and the
SRMED{(s)according to this

document

 j YES

and reaching distances Of the considered
feasible? safeguard possible?

@ Are the separation NO Is modification NO

This applies to the function of the detection of persons within the safeguarded space, regardless of whether this
function is provided by the same device providing the trip function or a different protective device providing the
detection function. See Clause 1, last paragraph.

Figure 1 — Methodology

© IS0 2024 - All rights reserved
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4.2 Static and dynamic separation distances

Two different scenarios shall be considered for machinery:

a)

Static separation distance: The separation distance is determined to the maximum boundary of the

hazard zone, independently of the actual position of the origin(s) of the hazard(s) within the physical
limits of the machine, or the position of the machine itself.

b)

Dynamic separation distance: The separation distance is determined to the boundary of the hazard

zone that the origin(s) of the hazard(s) can reach according to its actual position and the change in this

positio

n during the overall system response time, T to achieve the intended risk reduction.

Clause 5 descrlbes the calculatlon ofthe static separatlon dlstance e. g for the proper p051t10n1ng of an AOPD

(safety lig

safety distp

be covered

Clause 6 d
detection 7
a safeguar
and the ov
the hazard

4.3 Refd

The para
In some
tasks (step
elevation W
shall be co

When a ch|
determine

When usin|

NOTE
described i

2

ig Table 1 and Figure 2, the directioir of approach toward the hazard zone or the SRM
considered.

T

nces due to 1ts worst—case approach or cannot be appllcable due to the nature of the
by the intended safeguarding (e.g. the collision of a mobile platform with a human):

escribes the calculation of the dynamic separation distance, e.g. for the/proper si
one of an AOPDDR-2D (safety laser scanner) or AOPDDR-3D (safety 3D sensan)or VBPD
led space. As a basis for the dynamic separation distance calculation, the position of
brall system response time according to the actual speed and braking capability (dece
shall be known.

rence planes

ters specified in this document are applicable to typical'approaches of persons in the
lications, movement near machinery requires persous to change elevation to perfort
up or step down). Furthermore, design of machinery can present the ability for person
Fhile accessing the hazard zone or an SRMCD. In'such cases, the level the person is usin
hsidered when determining appropriate reaching considerations.

ange in elevation is present (e.g. step, platform, machinery frame), the reference pla
l according to Table 1 and Figure 2.

he situation where a persomelimbs and stays on the higher surface is not considered in th
Table 1 (see 4.4).

ead to large
hazards to

ring of the
monitoring
the hazard
eration) of

workplace.
n expected
5 to change
b for access

ne shall be

CD shall be

e scenarios
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Table 1 — Determination of reference plane with elevated surfaces when reaching toward hazard

zone or SRMCD
Height of step Width of step from edge to detec-
tion zone
Direction of approach SPE location to step
<50 mm? 250 mm?2
In front >1000 mm A A
_ [see Figure 2 a)] <1000 mm A A
Stepping up
At or behind 21000 mmP B B
[see Figure 2 b)] <1000 mm>P A C
In front 2500 mm¢ D D
[see Figure 2 c]] <500 mm ¢ E E
Stepping down
At or behind 2500 mm ¢ D F
[see Figure 2 d)] <500 mm ¢ E G
Scenario Possibility of access Reference plang
A Undetected access to higher surface not possible Lower surface
B Access to higher surface not possible Lower surface
C Undetected access to higher surface possible Higher surface
D Undetected access to lower surface not possible d Higher surface
E Undetected access to lower surface not possible Higher surface
F Undetected access to lower surface possible d Lower surface
G Undetected access to lower surface possible Lower surface

a2 50 mm Value derived from P5 heel width given in DIN 33402-2:2020-12, Table 60.
b 1000 mm value taken from ISO 13857:2019, Table 1 (Note a) @nd Table 2 (Note b).

¢ 500 mm|presents risk of falling; value taken from ISO 14122-2:2016, 4.2.3.

d  SeeISO [14122-2 for further information for other means'to address additional falling hazards.

© IS0 2024 - All rights reserved
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a) Stepping up (SPE in front of the step) b) Stepping up [SPE behind.(ot at) the $tep]

(DDS )

We=20
* \.I . \Ips
3

L)

KxT+Z

KxT+Z

(=3

L

Iy

N

e

c) Stepgping down (SPE in front of the step) d) Stepping down [SPE behind (or at) the step]

Key

1 higher syirface Hg height of step

2 lower surface W, width of step from edge to detection zone

3 direction} of approach Dyps reaching distance associated with a protectjve device
4 nearest point when appreaching an SRMCD K  approach speed

5 nearest point whemrapproaching a hazard zone T  overall system response time

6 hazard zpne Z  application-dependent supplemental distance factor

Figure V3 : aces fc
toward hazard zone or SRMCD

eaching

4.4 Assumptions
The reaching distances have been derived by making the following assumptions:

— persons reaching toward a hazard zone(s) are not inserting the head or leg over or under the safeguard
in order to reach the considered area (hazard zone or SRMCD);

— anthropometric data from the 5t to the 95th percentile of persons of 14 years and older were used in the
determination of the reaching distance values in the formulae;

© IS0 2024 - All rights reserved
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data specifically for children have not been used in this document. Until specific data are available

for approach speeds for children, the designer should calculate the distances taking into account that
children can be quicker and that a child can be detected later;

the largest anticipated value of d, is used to determine D¢ for the application;

the safeguards retain their position relative to the hazard zone(s) and SRMCD location(s);

attention should be paid to the possibility that the hazard zone changes its position relative to the

safeguard or reference plane during the time interval from the actuation of the safeguard or reference
plane to achieving the intended risk reduction (e.g. industrial mobile robot);

reaching distances are measured from the surface, restricting the relevant part of the body;

persoq
protec
identiff

the ref]
(e.g.a

there i
no aidji

itis n
safeguyl

no aid
becom|

4.5 Speq

4.5.1 Ge|

When an E
the lower ¢
detection 7
edge of the
Annex C.

4.5.2 Additional requiréments for detection zones mounted vertical to the reference plan

a) The he
detect
detect

b) thebe

s can force parts of the body around or through openings created between safeguard
tive structures (e.g. mounting/support structures, machine frame) in an attempt tg
ied area (hazard zone or SRMCD);

erence plane is a surface on which a person would normally stand, but is notnecessari
bermanent working platform or permanent means of access);

5 some contact with the reference plane (e.g. climbing is not included);
b (e.g. chairs, portable ladders) are used to change the reference-plane;

t possible to gain access to the identified area by stepping or climbing on the hou
ards, including associated mounting structures;

b (such as rods or tools) are used to extend the natural’reach of the upper limbs that ¢
e engaged with the identified area.

rific requirements for ESPE regarding whole body access

neral

SPE is used only for the detectidn;of whole body access on an orthogonal approach, t}
dge of the detection zone (e,g. beam) from the reference plane Hpj, to prevent access
one, shall be < 200 mm. Forfindustrial environments, a maximum height of 300 mm for
detection zone is acceptable if the results of the risk assessment show this to be suf

ight of thequpper edge of the detection zone Hyyp shall be > 900 mm to prevent steppi
on zone{ This is not applicable where a single beam is used (see Annex C) as well as
on zoneis parallel to the direction of approach (see 9.2);

him-spacing of the ESPE shall be < 400 mm. See Figure 3.

5 and other
reach the

[ly the floor

sing of the

hn reach or

e height of

under the
the lowest
ficient. See

e

hg over the
where the
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Dimensions in millimetres

=400

Key
1  referen
2 ESPE b

In exceptid

Lo

e

ce plane

Eams
Figure 3 — Example of multiple beam system usedfor whole body access

nal cases (see 8.3.5) a beam separation of 500 mm may be applied.

453 A

Single be
height < 5(

4.6 Rea¢

The concey
accessing 3
safeguards
an immedi

For use wif
relevant pa

When actyl
sufficient d

For SRMCI

(:I:i“itional requirements for single beam devices

devices mounted parallel to the reférénce plane shall only be used for opel
0 mm and shall be placed at a height of 200 mm. See Annex C.

ching distance to SRMCD

t of reaching distances has previously only been applied to distances for parts of the h

d space. This concept shall'be applied to positioning of any SRMCD whose actuation ¢
pte increase of the rigky

h SRMCD, substitute the point defined as the nearest hazard (e.g. location, measurem
rts of this document with the SRMCD where contact shall be prevented.

ation of an\SRMCD can result in harm to individuals, the SRMCD shall be oriented ang
istanceto’prevent actuation by a person from inside the safeguarded space.

used'in conjunction with protective structures (e.g. guards), the requirements of ISO ]

hings with

iman body

hazard zone. This document extends this concept to include accessing an SRMCD from within a

hn result in

bnts) in the

| located at

| 3857 shall

apply in ad

ition to the requirements of this document

4.7 Direction of approach toward detection zone of SPE

The direction of approach of the person or part of the person’s body shall be determined to be

a) orthogonal (at right angles or normal) to the detection zone (see Clause 8), or

b) parallel to the detection zone (see Clause 9).

Requireme

nts are also provided for arrangements where

— an angled approach (between orthogonal and parallel) needs to be considered (see Clause 7);

© IS0 2024 - All rights reserved
12


https://standardsiso.com/api/?name=fe1eb8b307629a0fc835ccc961a10d64

— itisne

ISO 13855:2024(en)

cessary to address possible circumventing of the detection zone (see 8.2 and 8.4);

— the path from the detection zone to the hazard zone is restricted by obstacles (indirect approach) (see 8.3.6).

NOTE 1

NOTE 2

These situations also appear in combination.

This document is not intended to provide measures against reaching a hazard zone by climbing over.

For the use of AOPDDRs or VBPDs with a two-dimensional protection zone, the calculation of the separation
distance shall be in line with Clauses 8 or 9, depending on the approach direction.

4.8 Speed and separation control (SSC)

SSC may beg

by appropit
or its parts
include cay

iate adaptation of the speed or trajectory of the potential hazardous movements ofitl
. The change of speed or trajectory of the hazardous movements of the maching or’it

sing a stop.

Safeguarding with SSC shall meet the requirements of 6.1, 6.2 and the following:

— Any ps
detect

Failurg
in an i

Failurd
safeguyl
the sp3

The dynan

bd.

to track all parts of the human body intended to be detected inthe safeguarded space
mmediate command to achieve the intended risk reductionwithin the span-of-control

to maintain the separation distance between a human or parts of the human b
arded space shall result in an immediate command to.achieve the intended risk reduc
in-of-control.

speed of the human or parts of the human body, the‘measured value may be applied for the ¢

Otherwise

The perfor
not dimini
measurem
uncertaint
the supple
described

be added t

5 Sepai

5.1 Gen

The safegu

the approach speed according to 5.3.1 shall be applied.

mance of the SRP/CS or SCS providingthe approach speed measurement shall be such

sh the performance of the SRP/ES or SCS that provides the SSC function. The uncertd
ent of the position and speed of the hazardous machine parts or the machine itself as
y of the measurement of the position and speed of parts of the human body shall be

mental distance factor Z(Ifi the measurement uncertainty is known, it shall be statg
n 5.6. If the measurement uncertainty is unknown, then three sample standard deviz
b the mean value of the/measurements. See B.5 for additional information.

ration distance

bral

ard shall be located at the separation distance from the hazards or hazard zone withi

of-control

tqn distance

e machine
5 parts can

irts of the human body intended to be detected and present in the-safeguarded space shall be

shall result

ody in the
fion within

ic separation distance shall be calculated according to 6.3. Where the SPE measures thie approach

alculation.

that it does
inty of the
well as the
ncluded in
d as Z; as
itions shall

h the span-

hf the cafeocuard tonrotect nersons when reachinag gver throuoch or under the safeauan
et oot 0-proteeTper oW HEH T a5 OV et B ag - O Rae—eoat trett

d. See also,

Annex A fo

r information regarding achieving intended risk reduction.

Safeguards that require a separation distance include:

a)
b) pressu
9
d)
e) interlo

SPE (see Clauses 7, 8 and 9);

re-sensitive mats and pressure-sensitive floors (see Clause 9);

two-hand control devices (see Clause 10);

single control devices (see Clause 11);

cking guards (see Clause 12).
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The variables used to determine the separation distance for safeguards have been modified in this

document to avoid confusion with other International Standards which use the same variables to represent different

parameters.

See Annex E.

5.2 Separation distance §

The separa

S=(Kx

where

tion distance shall be calculated by using Formula (1).
T)+Dps+Z

5.3 App

5.3.1 Ap

The factor
hazard zon

This docui

body or parts of the body (see 5.3);

roach speed K

S tie Separation 4iStarnce, I i THITTEtTes (Tm);

s a parameter, in millimetres per second (mm/s), derived from data on approach'sp

s the overall system response time, in seconds (s), (see 5.4);

s an application-dependent supplemental distance factor, in millimetres (mm), (see 5,

proach speed of the human body

K is the speed constant which includes hand and body movements of a person(s) app
e.

ment considers the following factors for the' determination of K:

hand

walkin]

The speed
of the upps¢
hand and a

The speed
where wal

n
twistj\g of the body or shoulder, or bending at the waist;

d arm movement;

g.
br limbs (hand andsarm, also known as reaching). For approaches to the hazard zone
rm movements arée.involved, a value for K =2 000 mm/s shall be applied.

constant of{2-600 mm/s defines the walking speed value. For approaches to the h
king movement is required, a value for K=1 600 mm/s shall be applied.

@)

beds of the

s the reaching distance associated with a protective device, in millimhetres (mm), (see[5.5

roaching a

ronstant of 2 000 mmy/s defines the hand speed value, usually considered as the horizontal motion

where this

hzard zone

These values domnet include other movements of the body, machinery or combinations which can affect the

actual app

Fodach 'speed. Consideration of these movements shall be included when determining

the speed

constant fd

r a-given application.

53.2 Ap

proach speed of mobile machinery

Where the hazard itself is derived from the mobility of the machine, the combined approach speed of the
mobile machine and the person(s) shall be considered if it is reasonably foreseeable that a person will
approach the machine at the same time the machine approaches the person.

NOTE

When collision avoidance requires timely detection of the human approach, even larger sizes of the

detection zone resulting from the consideration of the combined approach will not prevent the collision when the

person reac

hes the crossing at nearly the same time the machine does.

The resulting approach speed shall be determined as the vectorial subtraction (speed value and movement
direction) of the human and machine approach speeds.
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rall system response time T

The overall system response time T used to determine the separation distance of a safeguard shall be

determine

d either by calculation or by measurement (T,,).

The overall system response time T for the machinery to achieve the intended risk reduction includes
portions of time that vary by machine type, the safeguard(s) applied, and the elements of the SRP/CS or SCS
involved in the safety function. See Formula (2) and Figure 4.

When the overall system response time is calculated, it shall be the sum of the following factors as
represented by Formula (2):

T2 tspp/cs * tmr *+tr (2)
where

T is the overall system response time used in the calculation to determine the séparation distance;

tspp/cq s the response time of the SRP/CS or SCS;

tME is the response time of the machinery;

tp is the time related to a tolerance factor for the machinery, if neécessary.

tsppscsisd

related pat
tyg s estin

tp is a value typically determined based on T, and is influenced by various factors. When dete|
factors sud

maximum

The overal
by Formul{

Tzt +

where

etermined by adding the worst-case assumptions from the'manufacturer of the safegud
ts of the SRP/CS or SCS.

nated by the machine manufacturer during the design and includes uncertainties.
h as tool weight, temperature, and aging of.‘components as well as the worst-case sc
cpeed of a moving part) should be considered.

| system response time T can be determined as the sum of these factors and may be r

L (3):

tL+tg+tp+ig+ity+ig

s the overall systemrresponse time used in the calculation to determine the separatioj
s the response-time of the input (e.g. sensor, protective device);
s the response time of the SRP/CS or SCS logic;

s the response time of the SRP/CS or SCS output;

ird and the

rmining t,
bnario (e.g.

bpresented

(3

h distance;

s the response time related to dissipation of source energy;
is the response time related to mechanical response;
is the response time related to mechanical inertia;

is the time related to a tolerance factor for the machinery, if necessary.
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tl ™ tL ™ to T tD > tR > tM
T
z T tsrp/cs tME |
S | f
w
£ | l
A l
Trigaer Intended risk
evgeg:t reduction
achieved
L | T
T :
I
. |
| Measuring device i
E L _| Starttrigger | (accu rga c ___|Completion trigger <
= (reaction time) e (reaction time) tr
S repeatability)
=
& Tm ty
m ——— e ————— . e e—— - —— | ——
=
T
— - — ]
Key
T  overall|system response time
T, overalllsystem response time determined by measurement
Fort; ¢ to [p, tr tu, b See Key to Formula (3).
Figure 4 — Factors of T and measurement principle
NOTE1  Kach block within tgpp,cs and tyg adds time delay from the initiation of a safety function (detection event of

a potentiall}

NOTE 2 \
intended rif

When emb
values tyg

T2 tggy
where
T

tsrp/cq

tsp

 hazardous situation by the sensor) to the finahachievement of the intended risk reduction.

Not all elements of ty can affect the oyerall system response time in all safety functions to

edded safety functions prevent exceeding the time limit to achieve the stated risk red

achieve the

k reduction. Elements which do not affectthe overall system response time are not included i T.

uction, the

and ¢t in Formula (2) may be'substituted with tgi as shown in Formula (4).

/cs t tsk (4)
is the overall system response time used in the calculation to determine the separation distance;
is the-response time of the SRP/CS or SCS;
is.the time delay from the initiation of a safety function.

Where the determination of tggp/cs and ty is not possible, the overall system response time T shall be
determined by measurement. The value T, is the time resulting from measurements of the application.
Deviations due to measurement errors shall be included based on the evaluation of multiple measurements
with appropriate statistical methods. The overall system response time used within the calculation shall be
greater than or equal to the sum of T, and t; as shown in Formula (5).

T>T, +tg
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where
T, is the overall system response time determined by measurement;
tp is the time related to a tolerance factor for the machinery, if necessary.

NOTE3  Measurement of the time required to achieve the intended risk reduction can also be used for verification
and validation of the separation distance.

NOTE 4 Ifa stop time measurement device is used to measure the value of T, and start and completion triggers do
not encompass all of the devices used in the logic path, the measured time can be shorter and therefore less accurate.

To determine T, the start and completion triggers shall be as close as possible to the trigger event of the
input [presence-orabsence of aperson{silandwhen the intended risk reductionisachieved respectively.

Manual opgration of the start and completion trigger can introduce larger variables.

Determinafion of the time factors in the overall system response time to achieve the intended risk reduction
is provided in Annex F.

5.5 Reac¢hing distance factors associated with a protective device Dy

5.5.1 General

Additional|reaching distance factors are dependent upon how safegtiards are applied. Safegufards allow
a certain amount of reach toward the hazard zone prior to initiating/a safety function; see 5.5[2. In some
instances, |the application can also allow reach toward the hazard zone around the safeguafd without
detection qf a person; see 5.5.3.

5.5.2 Repching distance in applications initiating a safety function
For the following safeguards, the associated reaching\distances shall be in accordance with Claudes 7 to 12:
— SPE, including ESPE and pressure-sensitive mats and pressure-sensitive floors;
— two-hand control devices and single control devices; and

— interldcking guards.

NOTE $PE do not detect the présence of a person or parts of the human body at the detection z¢ne until an
amount of penetration into the detection zone occurs. When using two-hand control devices, single contrdl devices, or

interlocking guards, it is possibléfor'a person to reach toward the hazard zone before initiating a safety function. This
amount is the reaching distanCe associated with a protective device Dyy.

5.5.3 Repching distance in applications where hazard zones can be reached by circumventing the
safeguard

time [see Hormula (1)], the hazard shall be beyond the reach of a person. Situations where a pefson(s) can
reach a hazard which shall be prevented include

In addition| to.th€ separation distance resulting from the calculations related to the overall systeT) response

— interlocking guards where a person(s) can reach over, through or under the guard;
— reaching around the mechanical enclosure of an SPE; or

— the detection zone of an SPE is combined with a protective structure, allowing a person to reach over
without detection. See also 8.2.3 and 8.4.4.

The reach by a person in such situations shall be determined in accordance with ISO 13857.

When determining the separation distance associated with a safeguard according to the provisions of this
document, parameters which influence the reaching distance shall be identified and evaluated. Applicable
parameters shall be included to determine the sizing, location or orientation of each safeguard or detection
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zone to achieve intended risk reduction. To determine the separation distance, the largest values according
to Formula (1) and ISO 13857 shall be applied.

5.6 Supplemental distance factors

Depending on the application, machinery, and safeguard, a supplemental distance factor Z can be necessary.
The manufacturer’s instructions for use shall be applied when determining the supplemental distance

factor(s).

NOTE

application or system.

Supplemental distance factors to be considered include, but are not limited to:

The manufacturer can be the manufacturer of the safeguard or the machinery, or the integrator of the

Zg=sy

— ZM
m

— ZP

Zp =S
retror

pplement for general device measurement errors, e.g.:

= supplement for position uncertainty of the machinery, resulting from thelaccui
chinery position measurement system;

= supplement for position uncertainty of the person, resulting from the:aecuracy of th

upplement for reflection-based measurement errors. This supplement can be nec
eflector is in the vicinity of an SPE.

neces

Zp = supplement for lack of ground clearance of moving machinery{e{g. a vehicle). This suppler

ry because, generally, a person is detected by an SPE above the foot, and the braking

the m3chinery cannot take into account the length of the footin front of the point of detection
foot can be injured if the machinery has no ground clearante.

Zg =S
manuf]

By adding
separation|
S= (KA

where

Dy

upplement for the decreasing braking torque*of® moving machinery (e.g. a vehicle]
hcturer’s information for use.

any applicable supplemental distance factors to Formula (1), the formula for calc
distance becomes Formula (6):

T) + Dpg + (Zg# Zy +Zp + Zg +..)

is the separation distance, in millimetres (mm);

is a paranieter, in millimetres per second (mm/s), derived from data on approac
the body or parts of the body (see 5.3);

isth€ overall system response time, in seconds (s), (see 5.4);

is the reaching distance associated with a protective device, in millimetres (mm

'acy of the

e SPE.

pssary if a

hent can be
process of
A person’s

, from the

ilating the

(6)

h speeds of

, (see 5.5);

Zg, 2,

6

7 _~7
F, =B

Dynamic separation distance

6.1 General

The dynamic separation distance is determined to the boundary of the hazard zone that a hazard, hazardous
point, parts of the machine that are the origin for the hazard or the machine itself can reach according to
its actual position and the change in this position during the overall system response time T to achieve
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the intended risk reduction. The overall system response time T is analogous to that in 5.4 for the static
separation distance with the addition of control system sampling interval tg as shown in Formula (7):

T=t+

where

ti by to tpty tyand ty

ts

are as stated in the key to Formula (3);

(7)

is the control system sampling interval necessary to consider that the detection

can occur at the very start of the following sample.

The positinn of the hazard at the time where the nrotective device is actuated and its stonnin
~ r v T v o A= or Pr

according {

6.2 Dyn

Where the
include thg
achieve th
hazard bed

S:(K)‘

where

K
T

Dpg
Z
If the accel

SM=Vo

where

Sm

o its actual speed and deceleration shall be considered for the relevant calculation.

amic separation distance for unknown human direction of approach

human direction of approach is unknown, the dynamic separation disfance calcul
additional change in position of the hazard Sy during the overall system responss
e intended risk reduction. Therefore, the formula for the separation distance S to
omes Formula (8):

T)+Sy+Dps+Z

is the approach speed (see 5.3);
is the overall system response time as calculated according to Formula (7);

is the change in position of the hazard (the distance travelled by the machinery until in
reduction is achieved);

is a reaching distance factor(s) ds determined according to 5.5;
is an application-dependentsuipplemental distance factor(s) as determined according

eration and decelerationdre known and constant, Sy; shall be calculated as shown in Fj

x T~ (d/2) % ty? +{@)/2) * tspp/cs?

is the change in position of the hazard (the distance travelled by the machinery unf
risk reduction is achieved);

g distance

ation shall
» time T to
a dynamic

(8)

fended risk

5.6.

brmula (9):
9

fo

il intended

tsrp/cs

s the initial Speed of the Macthinery, I mim;,/S;

is the overall system response time as calculated according to Formula (7);

is the known possible deceleration (braking capability) of the machinery, in mm/s?;

is the time related to mechanical inertia;
is the known possible acceleration of the machinery, in mm/s?;

is the response time of the SRP/CS or SCS.
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When considering the possible acceleration, the maximum speed v, achievable by the machine should be
taken into account.

Furthermore, if acceleration a is unknown, it can be calculated from the speed difference measured by the

system, and therefore Formula (9) can be reduced to Formula (10), where a can be replaced by (MJ:
SRP/CS
Sm=vo* T~ (d/2) x ty? + (Vmax =~ V0)/2) X tsrp/cs (10)

or, if infinite acceleration can be used, the following Formula (11) applies:

SM=Vm

ax X T=(d/2) x ty? (11)

where v .l is the maximum speed of the machinery.
Finally, if cleceleration d is unknown, 0 mm/s2 shall be used in all cases.

NOTE oth reductions can occur simultaneously in the case where a and d are both uriknown.

Alternativgly, the change in the position of the hazard Sy can be provided-inJaccordance with a type-C
standard, ¢r, since the deceleration d can depend on several factors, Sy, canbe obtained by measurement.
When obtdined by measurement, Sy shall be determined according to Anhex D. An additional application
tolerance shall be added and this tolerance shall not be less than 10 % 6fthe measured value. The calculated
value of Sy shall be validated.

6.3 Dynpmic separation distance for known human direction of approach

When the flirection of the human approach is known, the*dynamic separation distance may be|calculated
according fo Formula 12 (see Figure 5):

S=Spy4Dps+Z (12)

with

Sp =Sy +Sp% =28y XSp xcos(7)
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Key
S, separat
Sm change
achievd
T accor
Sp  change
reducti
T, time at
T, time at]
time
Py origin
P; positio
P, positio
P; positio

a  approa

B approa
y angleb

NOTE1 1
the hazard 4

ion distance with dynamic approach

in position of the hazard (distance travelled by the machinery from T until the intended risk
d at T;) from its initial speed v, the deceleration (braking capability) d, and the overall system rq

ding to Formula (7)

in position of the person (distance travelled by the personfrom T, until contact at T; and the i
on is achieved), assuming a constant (maximum) speed @f the person (Sp =K x T)

which the safety function is triggered at position P
which the intended risk reduction is achieved; thérefore T = T; - T, where T is the overall systg

f coordinates
h of the person when the safety functionis triggered at time T,
h of the machine hazard when the safety function is triggered at time T,

ch angle of the hazard (to X-axis as reference. For simplification a = 0°)
ch angle of the persom(te'X-axis as reference)
etween the movemerit of hazard and movement of the person

'he angle y can be determined in the control system of the machine by sensing the movement
ind detecting the approach direction of the person with an appropriate protective device.

Figure 5 — Approaching direction

reduction is
sponse time

itended risk

m response

h of the machine hazard when the intended risk reduction is achieved (hazardous function terminated, e.g.
the contact between robot and person does not lead to harm)

direction of

The control system sampling interval tg between the measurements of the movement angles of the hazard a
and the person f shall not exceed 0,1 s. Otherwise, the Formulae (8) to (11) in 6.2 apply.

NOTE2  When the control system sampling interval ¢, is not short enough, the expected change or variation of the
angles will result in an unacceptable reduction of the dynamic separation distance which is only time related (K x T).

NOTE3  The maximum sampling interval ¢, considers that human motion is unpredictable.

The provided example is illustrated in two dimensions for the simplicity of understanding. The principles
of the calculation apply identically in three dimensions, wherein either case the calculation is performed
continuously on a controller.
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deration of the direction of approach to a detection zone

This document considers two different approaches to a detection zone:

Orthogonal approach to a detection zone [see Figure 6 a) and Clause 8];

Parallel approach to a detection zone [see Figure 6 b) and Clause 9].

Key
1
2
3

hazard
referen|
directi

If the dete
shall be tr
zone has b
shall be trd

For the dif

b) Parallel approach

a) Orthogonal approach

zone
ce plane
n of approach

Figure 6 — Typical directions of approach to a detection zone

'tion zone has beeninstalled such that it is angled 30° < @ < 150° of the direction of 4
pated as an orthogonal approach [see Clause 8 and Figure 6 a) and Figure 8 a)]. If th
ben installed'stch that it is angled 30° 2 6 or © = 150° (up to 180°) of the direction of g
ated as_ aparallel approach [see Clause 9 and Figure 6 b) and Figure 8 b)].

ferentangles to the direction of approach see Figure 7.

pproach, it
e detection
pproach, it
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150°

180°

direction of approach

Figure 7 — Different angles to the direction of approach

S

L

Key
1
2

hazard
referen|

For SPE de
account th

8 Orthg

8.1 Dete

When dete
according

a) Orthogonal approaches b) Parallel approach

zone 3 direction of approach

ce plane 0 angle of detection zone relative to direction of approach

Figure 8 — Detectionzone angled to the direction of approach

tecting presence of persons using volumetric detection, the direction of approach sha
e plane delimiting the-volume at the point of detection.

pgonal approach to a detection zone

rmination of the reaching distance for an orthogonal approach to a detect

rmining the reaching distance Dpg associated with an orthogonal approach to a detg
fo-the provisions of this document, the applicable parameters shall be identified and

[l take into

on zone

ction zone
evaluated.

These parameters shall be considered and a final determination made for sizing, eifective detection
capability d, and/or location of each detection zone to reduce risk to an acceptable level. Therefore, the
reaching distance Dy associated with an orthogonal approach to a detection zone shall be determined
based upon review of all relevant application concerns:

— reaching over the detection zone resulting in D (see 8.2);

— reaching through the detection zone resulting in Dy (see 8.3);

— reaching under the detection zone resulting in Dp; (see 8.4).
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The largest value shall be applied for the reaching distance according to Formula (13) (see Figure 9).

Dpg = max (Dpo, Dy, Dpy)

(13)

When preventing undetected access to the hazard zone, the separation distance S shall apply from the
nearest beam to the hazard zone. When preventing undetected access to an SRMCD, the reaching distance
Dpg shall apply from the nearest beam to the SRMCD.

Dimensions in

millimetres

Key

1 refer
2 locat
Dpo  reach
Dpr  reach
Dpy  reach

Figure 9

Figure 9 s
access tow,

A detectiof zone shall be considered vertical when the angle to the reference plane is greater th|

lessthan 1

NOTE ]

bnce plane

on outside of accessible reach

ling distance over a vertical detection zonge
ling distance through a vertical deteetion zone
jing distance under a vertical detection zone

— Consideration of allreaching factors for an orthogonal approach to a vertical
zone (applies to protective devices as well as SRMCD)

hows an example”illustrating a detection zone with effective detection capability (
ard the hazard-with the fingers.

60°., Qtherwise the detection zone shall be considered horizontal. See Figure 10.

letection

. allowing

an 30° and

'his’document assumes that the reference plane is horizontal.

150° 2 30°
3 3
180° \ 0°
—1
Key
1 reference plane 2 vertical 3 horizontal

Figure 10 — Angle of detection zone relative to reference plane
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8.2 Reaching over a vertical detection zone

8.2.1 Ge

To prevent

neral

undetected access over a vertical detection zone by

— reaching into a safeguarded space toward a hazard zone, or

— reaching out of a safeguarded space toward an SRMCD,

the separation distance shall include the reaching distance Dy, (see Figure 11) according to this subclause.

NOTE This can also be achieved by the provision of guards or other protective measures.

The effecti
the reachiy

1 haza
2 refer
3 neard
S sepal
K
T

appr

overs
Hy  heigh
Hpr  heigh

Dpo  reach

Ive detection capability d, can change the height of the effective detection zone which
g distance over a vertical detection zone Dyy,.

S

Hor
Hy

0000000000000000]

0 I

'd zone

bnce plane

st point

ation distance

pach speed

1l system response tithe

t of the hazard zofe)from the reference plane

t of the upperedge of the detection zone from the reference plane
ling distaneeover a vertical detection zone

Figure 11 — Reaching over a vertical detection zone

8.2.2 Vertical detection zones without additional protective structures

will affect

A distance Dy is required to prevent undetected access by reaching over a vertical detection zone. See

Formula (14).

For Dy, the values in Table 2 shall apply. D is given in Table 2 as the distance in millimetres, based on the
distance which a part of the body (usually a hand) can move, prior to the actuation of the ESPE, towards:

— the hazard zone; or

— the SRMCD.
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Figure 11 illustrates reaching over a vertical detection zone without an additional protective structure.

Where the height of an ESPE detection zone is already fixed, Table 2 may be used to derive the separation
distance S. Where the separation distance is already fixed, Table 2 may also be used to derive the required
height of the ESPE detection zone.

S=(KxT)+Dpo+Z (14)

where K=2 000 mm/s.

By replacing K with 2 000, Formula (14) becomes Formula (15):
§=(2000xT)+Dpy+Z (15)

Formula (1|5) applies to all separation distances S up to and including 500 mm. The minimuniyvalde of S shall
not be less|than 100 mm. First calculate S using Formula (15).

Where the[value of S exceeds 500 mm, Formula (14) may be used with an approach speegd K=1 600 mm/s to
become Fofmula (16). The value of S shall not be less than 500 mm.

S=(1400x T) + Dpy+Z (16)

Table 2 — Reaching over the vertical detectioirzone of ESPE

Dimensions inl millimetres

Height of the Height of the upper edge of the detection zone from the reference plang
hazard Zone Vs
from the refer- DT
ence plane 900 | 1000|1100 | 1200|1300 |-1400| 1600|1800 |2000|2200|24p0 | 2600
Hy Reaching distance over a vertical detection zone
Dpo

2 6007 0 0 0 0 0 0 0 0 0 0 Q 0
2500 400 400 350 300 300 300 300 300 250 150 100 0
2400 550 550 550 500 450 450 400 | 400 300 250 100 0
2200 800 750 750 700 650 650 600 550 400 250 ( 0
2000 950 950 850 850 800 750 700 550 400 0 ( 0
1800 1100 | 11006y 950 950 850 800 750 550 0 0 Q 0
1600 1150 |-1150 | 1100 | 1000 | 900 850 750 450 0 0 g 0
1400 1200/4-1200 | 1100 | 1000 | 900 850 650 0 0 0 g 0
1200 1200 | 1200 | 1100 | 1000 | 850 800 0 0 0 0 ( 0
1000 1200 | 1150 | 1050 | 950 750 700 0 0 0 0 ( 0
800 1150 | 1050 | 950 800 500 450 0 0 0 0 Q 0
600 1656956 756 556 8 8 8 8 8 8 0
400 900 700 0 0 0 0 0 0 0 0 0 0
200 600 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0

NOTE 1 ESPE with a height of the upper edge of the detection zone below 900 mm is not included since it does not offer sufficient
protection against circumventing or stepping over.

NOTE 2 Most values given in this table are lower in relation to the values of ISO 13857:2019, Tables 1 and 2, since parts of the
body cannot support themselves on safeguards in case of reaching over.

a  Approach to the hazard zone or SRMCD by reaching over is impossible.

When determining the values of Table 2 it shall not be interpolated. If the known values Hy;, Hy or Dy are
between two values of Table 2, the greater value shall be used.

© IS0 2024 - All rights reserved
26


https://standardsiso.com/api/?name=fe1eb8b307629a0fc835ccc961a10d64

ISO 13855:2024(en)

When determining an acceptable location of an SRMCD in accordance with 4.6, Table 2 applies. Instead of
measuring the height of the hazard zone from the reference plane Hy, substitute the height of the SRMCD
from the reference plane.

In all cases Formula (13) of 8.1 applies.

8.2.3 Vertical detection zones with additional protective structures

When a protective structure is applied above a vertical detection zone, it can be possible to gain support on
the protective structure when reaching over the detection zone (see Figure 12). If access can be achieved by
reaching over the protective structure, the separation distance S shall not be less than the reaching distance
over a protective structure D¢, determined according to ISO 13857:2019, 4.2.2, Table 2.

UGo

— 5
AZ3

5

=y 1

@/ -
NN
L

Key
1 hazardzone Hy height of the hazard zone:from the reference plane
2 reference plane Hgr  height of the upper edgeof the protective structure from the referenfe plane
3 nearesft point Do  reaching distance over a protective structure
4  ESPE
5 protective structure

Figure 12|— Example of reaching over the vertical detection zone of ESPE combined with protective
structure

When detdrmining an acceptable location of an SRMCD in accordance with 4.6, ISO 13857:20[19, Table 2
applies. Instead of measuringthe height of the hazard zone from the reference plane Hy;, substitute the
height of the SRMCD froni the reference plane.

8.3 Reaching through a vertical detection zone

8.3.1 Gepneral

If the effective detection capability can be modified (manually or automatically), the largest anticipated
value of d, shall be used, and the reaching distance through a vertical detection zone Dy shall be adjusted
accordingly.

The effective detection capability d, will affect how much of the human body can reach through a detection
zone without actuating the ESPE (see Figure 13).
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Key
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applicd

8.3.2 Re

The separs
according {

S = (K A
where

K

Dpr
but no

where

d

e

separaftion distance

K
T

zone approach speed

t point overall system response time

Dpr  reaching distance through a vertical detection zone

tion-dependent supplemental distance factor according to 5.6

Figure 13 — Reaching through a vertical detection zone

aching through a vertical detection zone with effective detection capability d, < 4

ition distance S in millimetres, from the detection zone to the hazard zone shall be
o Formula (17):

T)+Dpr+Z

is the approach speed 2 000 mm/s;

is the overall systemesponse time according to Formula (7);

D) mm

calculated

(17)

is the reaching distance through a vertical detection zone, determined by Formila (18);

(de - 14)

F less than zero.

is the effective detection capability;

(18)

Z

is an application-dependent supplemental distance factor as determined according to 5.6.

By replacing K with 2 000 and Dy with Formula (18), Formula (17) becomes Formula (19):

S=(2000xT)+8(d,-14) + Z

(19)

Formula (19) applies to all separation distances of S up to and including 500 mm. The minimum value of S
shall be 100 mm.
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Where the value for S, calculated using Formula (19), exceeds 500 mm, Formula (17) may be used with an
approach speed K= 1 600 mm/s and Dy according to Formula (18) to become Formula (20). In this case, the
minimum value of S shall be 500 mm.

S=(1600xT)+8(d,-14) +Z (20)

Where it is foreseeable that ESPE will be used in non-industrial applications, the separation distance S
shall be calculated with Formula (19) and be increased by at least 75 mm. In such cases, Formula (20) is not

applicable.

When determining an acceptable location of an SRMCD in accordance with 4.6, Formula (18) applies.

833 Remchimeti ; tcatdetecti rthreffective-detecti bitit
40 mm <d, <55 mm
The separgtion distance S, in millimetres, from the detection zone to the hazard zone shall be|calculated
according to Formula (17) as given in 8.3.2,
where

K is the approach speed 2 000 mm/s;

T is the overall system response time according to Formula{7);

Dpr is the reaching distance through a vertical detection Zone, determined by Formuila (21);

Dpr =208+ 12(d, - 40) (21)
where

d, is the effective detection capability:
NOTE The value 208 mm results from the application of Formula (18) given in 8.3.2 for the portion|of effective
detection cgpability d, between 14 mm and 40min.
Formula (1I7) becomes Formula (22):

§=(2Q00xT)+12d,-272+Z (22)
Where the|value for S calculated using Formula (22) exceeds 500 mm, Formula (17) may be used with an
approach speed K = 1 60@ /s and Dy according to Formula (21) to become Formula (23). In thiis case, the
minimum yalue of S shall'be 500 mm.

S=(1400xT)«12d,-272+Z (23)
Where it i fareseeable that ESPE will be used in non-industrial applications, the separation distdnce S shall

be calculated with Formula (22) and be increased by at least 75 mm. In such cases, Formula (23) is not

applicable.

When determining an acceptable location of an SRMCD in accordance with 4.6, Formula (21) applies.

8.3.4 Re

aching through a vertical detection zone with effective detection capability

55mm<d, <120 mm

ESPE with effective detection capability 55 mm < d, < 120 mm diameter does not always detect intrusion of
the hands and, therefore, shall only be used where the risk assessment indicates that detection of intrusion
of the hands is not necessary.
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The separation distance S from the detection zone shall be calculated using Formula (17) as given in 8.3.2
with an approach speed K =1 600 mm/s and Dpr = 850 mm to result in Formula (24):

S=(1600xT) +850 +Z

NOTE

850 mm is considered to be the standard arm length.

(24)

When determining an acceptable location of an SRMCD in accordance with 4.6, the 850 mm reaching
distance applies.

8.3.5 Reaching through a vertical detection zone with effective detection capability d, > 120 mm or

undefined

Devices wi
capability
used to de
small part;

If only wh|
separation|

The applic
which such

crawli
reachi
reachi
whole

Where acc
mm) and t
or less tha
surface an

Additional

th multiple beams or arrangements of single beams may present an undefined effectiv
pr an effective detection capability d, greater than 120 mm. Such devices or arrafigem
fect access of the whole body, but are not suitable for the detection of upper, and low
of the body (e.g. hand or fingers).

ple body access detection is required, such devices or arrangements\shall be posi
distance in accordance with Formula (24). See Figure 14.

ition of devices with multiple beams or arrangements of single beams shall consider 1
devices can be circumvented. For example:

hg below the lowest beam;

hg over the top beam;

hg between two of the beams;

body access by passing between two beams;

ess to the hazard zone requires steppingup more than 300 mm from the lower surfac
he higher surface has a step width net greater than 50 mm, two beams with a separ
n 500 mm may be used. In such a.case, the lowest beam height shall be 200 mm above
1 the highest beam height shall be‘ho less than 900 mm above the lower surface.

requirements are given in-Annex C.

b detection
bnts can be
er limbs or

ioned at a

nethods by

e (H, > 300
hition equal
the higher
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3 nearesft point T overall system response time

4 ESPE Heams Dpp  reaching distance through a vertical detection zo
Figure 14 — Reaching through a vertical detection zone with effective detection capa
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to reduce t|

NOTE 1
prevent dirg

Indlirect approach — Path restricted by«obstacles
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Lo,

J L

d, > 120 mm or undefined

pccess by the upper limbs is hinderéd by obstacles that are permanently fixed, the
hn be the shortest path around-these obstacles (see Figure 15 for indirect approa
bproach speed differs from the speed of the direct approach and, therefore, it may be
S.

reater value resultingfrom the comparison of all the separation distances shall be apy

an result from the functional design of the machine, but shall not be applied with the sc
he approach spegd of the upper limbs.

bstacles aréparts of the machine, such as housings, covers, impeding devices, or ancillary eqy
ct approach to the hazard.

NOTE2 |
approach is

Itpossible. As an example, research has shown that for two obstacles with a distance of 1 m @

can be acceptable to use a lower approach speed for certain infrequent operations where o

rmining an acceptable location of an SRMCD"in accordance with 4.6, the 850 mi]
distance applies.

e

bility

n reaching

separation
Ch). In this
reduced to

lied.

le purpose

ipment that

nly indirect
r less and a

minimum height of 500 mm, a reduction factor of 0,8 can be applicable (see Reference [28]).
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4  direct{
5 indirec

For the indjirect approach, the actual distance travelled upon approach $* is the shortest path fro

to the hazd

1

,/////A 5,.
5

Figure 15 — Example of direct and indirect approach

zone 1
zone 2
e
pproach

L approach

m the ESPE
igure (16).

rd zone around the obstacle(s) and shall be'¢alculated according to Formula (25), see |
b1y .+ 1
., are the shortest indivyidual distances of each section of the path around the obsf

with S calculated according to the relevant subclauses 8.3.1 to 8.3.5.

(25)

acles;
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)

Figure 16 — Illustration of calculating the actual distance travelled

N
Key
1 hazard zone
2 obstacle
I, 1, I3 shortest distance around obstacles
S* actual distance travelled upon approach
8.4 Reaching under a vertical detection zone
8.4.1 General
The follow|

detection Zone in an orthogonal approach.

The maxin
300 mm. T

Key
hazard

L b W N -

S

jum height of the lower edgetof the detection zone from the reference plane Hpg shall
herefore, this clause only addresses applications where Hpg < 300 mm. See Figure 17.

ing values are considered to preventiundetected access to hazard zones when reaching under a

not exceed

Hy

7] Hog

zone

reference plane
nearest point
detection zone

separation distance
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T  overall
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ch speed
system response time

height of the hazard zone from the reference plane

Hpp height of the lower edge of the detection zone from the reference plane

Dpy reaching distance under a vertical detection zone

Figure 17 — Reaching under a detection zone with orthogonal approach

8.4.2 Reaching under a vertical detection zone with (d, + Hpg) < 40 mm
The Separ' t;Ull d;otauuc S ;ll lll;}};lllctl Co fl UIll thC dCtCLt;Ull LUIIT tU thc habald LUIIT oha}} bC
according fo Formula (26):

S:(K>‘ T)+DDU+Z
where K= |l 600 mm/s

K is the approach speed 1 600 mm/s;

T is the overall system response time as calculated according to Formula (7)
and the regching distance under a vertical detection zone, Dp;, becomes Formula (27):

Dpy =8 (de + Hpp - 14)

but not less than 0 mm
where

d, is the effective detection capability;

Hpp  [is the height of the lower edge of the detection zone from the reference plane;

Z is an application-dependentisupplemental distance factor as determine according to 5
By replacing K with 1 600 and Dy ;ywith 8 (d, + Hpg - 14), Formula (26) becomes Formula (28):

§=(1400xT)+8(d, +Hpg* 14) + Z
When detefrmining an.acceptable location of an SRMCD in accordance with 4.6, Formula (27) app
8.4.3 Repchingunder a vertical detection zone with height of the lower edge from the refe
plane 40 mnr< d, + Hyg and Hpp < 300 mm

calculated

(26)

(27)

(28)

ies.

rence

Table 3 shall'be used to determine the reaching distance under a vertical detection zone Dp; when the
effective detection capability d, plus the height of the lower edge of the detection zone from the reference

plane Hpg i

NOTE

s greater than 40 mm and Hpj is less than or equal to 300 mm.

hazard zone is in a recessed pit, the reference plane can be considered as a physical protective structure.
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Table 3 — Horizontal projection of the reaching distance Dp,;; when accessing with upper limbs

under a vertical detection zone with 40 mm < d, + Hyz and Hpg < 300 mm

Horizontal projection of the reach-
ing distance under a vertical detec-
tion zone

Height of the hazard zone from the
reference plane

HH
mm

0
300
500
700

When detd
measuring
from the r¢

8.4.4 Re

When the
distance S
shall not b
this documn]

NOTE 4
body. In 8.4

Key
hazard

900
1100

rmining an acceptable location of an SRMCD in accordance with 4.6, Table3-applies
the height of the hazard zone from the reference plane Hy, substitute gheheight of 1
ference plane.

aching under a vertical detection zone with additional protective structures

hazard zone can be approached by reaching under the protective structure, the

shall not be less than the horizontal projection of the redaching distance to the hazar
e less than the values according to ISO 13857:2019, Tablé 4, when Hz < 120 mm, ang
ent when 120 mm < Hgp < 180 mm (see Figure 18).

According to ISO 13857:2019, Table 7, Note, slot openings with e > 180mm will allow access fd
3 of this document, Hj is equivalent to this value g,

A
=

BN
N

zone height of the hazard zone from the reference plane

refere

eplane height of the lower edge of the protective structure from the refe

Instead of
he SRMCD

separation
d zone Dgy
Table 4 of

r the whole

rence plane

ESPE

Ul s W N

llltC
nearesit peint

reaching distance under a protective structure

protective structure

Figure 18 — Reaching under a vertical detection zone with an additional protective structure
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Table 4 — Horizontal projection of the reaching distance D;; when accessing with upper limbs

under a protective structure with 120 mm < H;z < 180 mm

When detd
ISO 13857:
Table 4 of {
Hy, substit

Height of the hazard zone from the H(_)rlzo_ntal projection of the re_ach-
ing distance under a protective
reference plane
" structure
H D
mm GU
mm
0 900
200 900
400 900
600 900
800 800
1000 600
1200 0

rmining an acceptable location of an SRMCD in accordance with 4.6,(the values ac
2019, Table 4 apply when Hg < 120 mm. When 120 mm < H;g < 180 mny, the values a
his document apply. Instead of measuring the height of the hazard.zene from the refer
Lite the height of the SRMCD from the reference plane.

8.5 Single beam applications

cording to
ccording to
ence plane

n5.2.

distance S

(29)

Where only a single beam is used to detect the approach of a persoy,.the separation distance S, in mpillimetres,
from the detection zone to the hazard zone shall be calculated aceording to Formula (1) as given
Using Formula (1) with an approach speed K =1 600 mm/s:and Dg = 1 200 mm, the separation
becomes Formula (29):
S$=(1400xT)+1200+7Z
NOTE1 When a single beam is applied, the restlting approach is always orthogonal. See Annex C.
NOTE2  The value 1 200 mm for Dy, considers all possible approaches of the human body (reaching over

under the single beam).

The single
When dete

beam shall be positioned-according to Annex C.

distance applies.

8.6 Cycl
devices (

e re-initiation of machine operation employing active opto-electronic protg
AOPDs)with control function

, through or

rmining an acceptable location of an SRMCD in accordance with 4.6, the 1 200 min reaching

pctive

Where AO]iI’Ds are used for cycle re-initiation of a machine:

— the effective detection capability d, shall be < 30 mm;

Formu

la (19) (see 8.3.2) shall apply;

— the separation distance S shall be > 150 mm.

If the effective detection capability d, is < 14 mm:

Formu

la (19) (see 8.3.2) shall apply;

— the separation distance S shall be > 100 mm.
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NOTE1 Conditions for using AOPDs in cycle initiation of machine operation are given in ISO 12100:2010, 6.3.2.5.3,
and IEC 62046:2018, 5.8.

NOTE 2  Additional requirements for AOPD are given in IEC 61496-1.

NOTE 3  Itis possible for AOPD with an effective detection capability d, > 30 mm diameter to not detect the wrist or

the lower arm after the hand has been detected. An unexpected cycle re-initiation can occur.

9 Paral

lel approach to a detection zone

9.1 General

If the effe
value of d|
associated

Detection %

LiVC C‘lCtCLtiUll \,apaludlt_y de Ldall IUC lllUdifiCd (ulauuau_y Ul autu1uati\,a}1_y), ‘l:}lC }cll ECD‘L-
shall be applied for the calculation of the separation distance, or it shall be ensur
reaching distance D resulting from each modification is added accordingly.

ones used in parallel approach are realized using SPE, including:

anticipated
bd that the

tion of the

e).

— AOPD;

— AOPDDR;

— VBPD;

— pressure-sensitive mats and pressure-sensitive floors.

For ESPE, the part(s) of the human body which can be detected.by the detection zone is a fung

effective dptection capability d,. This effective detection capability is defined by the design of the ESPE, or
can be configurable within the ESPE (e.g. detection zone switching, blanking of the detection zon

When a detection zone is used in parallel approach, theparameters addressed in 9.2 to 9.4 shall b

and evaluafted.

9.2 Heig

For a safeg]
zone from
zone from
access ben
protective

The minim
effective d
(horizonta
Figure 19 4

ht of a detection zone for a parallel approach

uard where the direction of approach is parallel to the detection zone, the height of th
fhe reference plane Hpy shallnet be greater than 1 000 mm. However, if the height of th
the reference plane Hp is greater than 200 mm, there is the possibility of inadvertent
eath the detection zone. This shall be taken into account in the risk assessment and|
measures applied, if necessary.

um allowable height of the detection zone from the reference plane Hy is directly rel
ptection capability d, of the ESPE. A formula to determine the minimum allowable
|) detectiofi-zone from the reference plane Hp may be represented by Formula (30
nd Figufe 20.

Hp > 1

5x(d{ —50), but neither less than zero nor greater than 1 000 mm

b identified

b detection
e detection
indetected
additional

ated to the
height of a
). See also,

(30)

When an angled approach is considered as parallel approach [see Clause 7 and Figures 7 and 8b)], then
Formula (30) linking H, and d, shall apply to the edge of the detection zone furthest from the hazard zone

(see Figure 19).
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hazard|zone

referenjce plane

height pf the horizontal detection zone from the reference plane

Figure 19 — Height of the detection zone (lowest beam)

Dimensions in)

1100

1000 —+—+——t——+—
Ya

900

800

700
600

500 v

400 //

300

/]
200 v
100 A

50 60 70 80

maximpinrheight

90

100

110

120 d,

minimum height
permitted
not permitted

height of the horizontal detection zone from the reference plane

effective detection capability

millimetres

Figure 20 — Allowable height of the horizontal detection zone from the reference plane H,
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9.3 Separation distance of a detection zone for a parallel approach

When the direction of approach is considered parallel to the detection zone according to Clause 7, the
separation distance S, in millimetres, from the edge of the detection zone furthest from the hazard zone
shall be calculated using Formula (1) as given in 5.2, see Figure 21.

Using Formula (1) with an approach speed K =1 600 mm/s and Dpg = 1 200 mm, the separation distance S
becomes Formula (31):

S=(1600xT)+1200+Z (31)

:

Key

1  hazard/zone

2 reference plane

3 AOPDDR

4  AOPD

5  pressufe-sensitive mat/floor
S separation distance

K  approdch speed

T  overall system response tinie

)
o
7]

reaching distance assogiated with a protective device
Z  applicgtion-dependéntsupplemental distance factor according to 5.6
NOTE S and|Z are shown ‘only for the minimum distance applicable to the AOPDDR (laser scanner).

Figure 21 — Separation distance for parallel approach

When determining an acceptable location of an SRMCD in accordance with 4.6, the 1 200 mm reaching
distance applies.

9.4 Depth of a detection zone for a parallel approach

The minimum depth of the horizontal detection zone F}, shall hinder a person from stepping over the
detection zone undetected. Where a stepping surface with a depth of greater than or equal to 70 mm exists
beyond the detection zone, the minimum depth of the horizontal detection zone F}, shall be greater than
or equal to 1 200 mm to prevent a person from stepping over and passing undetected [see Figure (22a)]. If
additional measures (e.g. protective structures, physical obstructions or other fixed elements) are used to
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prevent this situation such that a person will be detected by the detection zone, the minimum depth of the
horizontal detection zone F}, shall be greater than or equal to 900 mm (see Figure 22b).

Zone un-
r than Fp)

S )
z Z
D S | KxT D S | KxT
L
Gp =70 mm Gp <70 mmn
Fp 21200 mm Fp 2900 mm
a) Person ran step over the detection zone unde- b) Person cannot steployer the detection
tected detected (in this example S begins close
Key
1 hazard|zone Gp distance between deteétion zone and nearest obstructio
2 refererce plane S  separation distance
3  AOPDOR K  approach speed
4  AOPD T  overall system.response time
5  pressufte-sensitive mat/ Z  applicatioi=dependent supplemental distance factor
pressute-sensitive floor
Dps reaching distance associated with a protective device
Fp . depth of the horizontal detection zone
NOTE The njinimum depth of a horizontal detectiont zone F, in a parallel approach addresses a different distance than the

reaching dig

10 Two-

10.1 Two

The separ

tance associated with a protectiye‘device Dpg = 1 200 mm according to 9.3.

Figure 22 — Minimum depth of detection zone

hand contrel'devices

-hand control devices not preventing encroachment

htion Ydistance S from the nearest actuator to the hazard zone shall be calcul

Formula (3

29

hted using

S= (K x T) + Dpg

where
K =1600mm/s;
Dpg =550 mm.

(32)

By replacing the approach speed K with 1 600 mm/s and the reaching distance associated with a protective
device Dpg with 550 mm, Formula (32) becomes Formula (33):

S=(1600x T) + 550

© IS0 2024 - All rights reserved

40

(33)


https://standardsiso.com/api/?name=fe1eb8b307629a0fc835ccc961a10d64

ISO 13855:2024(en)

NOTE See also ISO 13851 for design criteria of two-hand control devices.
See Figure 23 and Annex G.

A)

DDS | KX T
\ /‘ 1
L

/2
Key
1  hazard|zone
2 referenlce plane
S separation distance
K  approarh speed
T  overall|system response time

Dpg reachir]

10.2 Two

If the risk
the actuatd
then Dpg m

NOTE I
device. The
the hands tq

g distance associated with a protective device

Figure 23 — Separation distance for two-hand control devices (no shroud)

-hand control devices preventing encroachment

pf encroachment of the hhands or part of the hands towards the hazard zone is elimin
r is being operated;e:g. by adequate shrouding, actuator design or orientation of the wj
ay be zero, with@-minimum allowable separation distance of 100 mm.

SO 13851 gives-advice on shrouding to prevent defeating the intended operation of a two-h
measures-described are not adequate in all applications to prevent encroachment of the hand
wards the.hazard zone.

11 Singl

ated while
orkstation,

and control
5 or parts of

b 'control devices

11.1 Hand-operated single control devices

The separation distance S from the actuator to the hazard zone shall be calculated according to Formula (32)

as given in

10.1. See also Figure 24.

By replacing the approach speed K with 1 600 mm/s and the reaching distance associated with a protective

device Dpg

with 2 200 mm, Formula (32) becomes Formula (34):

S=(1600x T) +2 200
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Key

N X L o=

Dpg

11.

The separdtion distance S from the actuatot to the hazard zone shall be calculated according to Fa

as given in|10.1. See also Figure 25.

By replacing in Formula (32) the approach speed K with 1 600 mm/s and the reaching distance
ective device Dpg with 2-500 mm, Formula (35) results:

00 x T) + 2 500

with a prot

ISO 13855:2024(en)

hazard|zone

N

referenjce plane

separation distance

approagch speed

overall|system response time

reachir]g distance associated with a protective device

2 Foot

S=(16

Figure 24 — Separation distance for hand-operated single control devices

-operated single control devices

rmula (32)

associated

(35)
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/=5
N

Key
1  hazard|zone
2 referenlce plane
S separation distance
K  approarh speed
T  overall|system response time

Dpg reachir]

12 Inter

12.1 Gen

Itcanbep
structure |

NOTE i
interlocking

secure]

thq

\Y%

o8]

ISO 13855:2024(en)

S

KxT

g distance associated with a protective device

Figure 25 — Separation distance for foot-operated single control devices

ocking guards

bral

pssible to partially open-an.interlocking guard such that access is possible through thej
efore actuation of the.interlocking device initiates the safety function.

xamples include jinterlocking guards which open either linearly or angularly (see Figure 3
device actuatoris

e design-of the interlock device (e.g. distance of travel (hysteresis) as specified by the manufac

Fiable features (e.g. location of actuator, adjustable actuating angle);

protective

16), and the

y fixed, andsthe degree of travel of the actuator prior to initiating a safety function is dependent upon

furer), and

safety function.

fixed by means of a flexible element (chain, cable) which increases the overall opening e prior to initiation of a

When determining an acceptable location of an SRMCD in accordance with 4.6, the guidance of this Clause is
also applicable.

12.2 Interlocking devices without guard locking

12.2.1 Ge

neral

In order to ensure that the hazard zone cannot be reached when opening an interlocking guard without
guard locking before achieving the intended risk reduction, the separation distance S shall be determined.
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The separation distance from the nearest edge of the opening of the interlocking guard without guard

locking to the hazard zone shall be calculated by using Formula (36).

S=(KxT)+Dgr (36)
where

K =1600 mm/s;

Dgp  isthereaching distance through the protective structure taken from ISO 13857:2019 as described

below.

By replacip

§S=(1400xT)+ D¢y (37)
NOTE 1 nly an approach speed of 1 600 mm/s has been considered, since in such a case-the“approach movement
does not reqult from an involuntary movement (reaction) of the person but from an intended-aécess. It is apsumed that
a person acgessing in such a way will also prevent a collision with parts of the guard or the machine and wait for an
appropriate|size of the opening before reaching in.

For interlo
device sha

Figure 26.

NOTEZ2 ]

1 be considered when determining the reaching distance D¢ through the interlocking

'ypically, the resulting opening is a slot created between the interlocking guard and assoc

however otler opening shapes can result (see Figure E.1).

ISO 13857
guard base
other valug

NOTE 3

angle o

d on the opening e, unless a risk assessment-dnd evaluation of the application justifie
S.

Examples include:

f person approaching the opening.

cking guards, the resulting size and shape of the opening befdre activation of the ipterlocking

guard. See

ated frame,

2019, Table 4 shall be applied to determine théréaching distance D;; through the interlocking

b the use of

proximiity of person to the opening (e.g. personis forced to step back when opening the interlocking guard);

a) Int

erlocking guard with linear motion
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Q

12.2.2 Calculation of the opening e for an interlocking guard with an interlocking devicew

ISO 13855:2024(en)

hazard zone

interlocking guard

separation distance

approach speed

overall system response time

reaching distance through the protective structure
dimension of the opening in the protective structure (slotted)

Figure 26 — Example of interlocking guards

cam actuafed position switch

When an iffterlocking device with rotary cam actuated position switch is used on an fiterlocking

angular m¢tion, the opening e shall be calculated (see Figure 27). The opening e issddependent upd

Key

the acuating angle of the interlocking device with rotary cam actuated position switch w,

the widlth of the interlocking guard Gy, and

the thickness of the interlocking guard Gr.

R
X XX
RRREKEEIT
QLA KL XX KR
RN

e
SRRLRIIET A
KRR I,
R
SEXXKXS
N

interlogking device with rotary cam actuated position switch

interlo¢king guard

actuating angle of the.interlocking device with rotary cam actuated position switch
sum ofjopening'size and thickness of interlocking guard

width of the interlocking guard

thickngss-of the interlocking guard

th rotary

puard with
n

dimension of the opening in the protective structure (slotted)

Figure 27 — Variables for determining opening (e) for an interlocking guard with an interlocking

device with rotary cam actuated position switch
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The opening e between the machine frame and the interlocking guard with an interlocking device with
rotary actuated position switch is calculated according to Formula (38):

e=b-Gy (38)
where
b = Gyy x sin (w) (39)

By replacing b with Gy x sin (w) Formula (38) becomes Formula (40):

e = (Gy x sin (w)) - G (40)
Table 5 shpws the values for b based upon typical actuating angles of interlocking deviees’ with rotary
cam actuafed position switch w and common widths of an interlocking guard Gy, The |thickness of the
interlocking guard G shall be accounted for in order to determine the opening e of theZinterlocking guard
before actyation of the interlocking device with rotary cam actuated position switch¢

Table 5 —+ Sample calculation of b for typical actuating angles of an interlo¢king device with rotary
cam actuated position switch w
Actuating angle of an interlocking device with rotaty cam actuated position switch
Width offthe w
interlocking
guard 3° 4° 5° e | 7 g 9°
Gy Sum of opening size and thickness of interlocking guard
mm b = G sin (w)
mm
100 52 7,0 8,7 10,5 12,2 139 15,6
200 10,5 14,0 174 20,9 24,4 27,8 31,3
300 15,7 20,9 26,1 31,4 36,6 41,8 46,9
400 20,9 279 34,9 41,8 48,7 55,7 62,6
500 26,2 349 43,6 52,3 60,9 69,6 78,2
600 31,4 419 52,3 62,7 73,1 83,5 93,9
700 36,6 48)8 61,0 73,2 85,3 97,4 109,5
800 419 55,8 69,7 83,6 97,5 111,3 125,12
900 47,1 62,8 78,4 94,1 109,7 125,32 140,82
1000 523 69,8 87,2 104,5 121,92 139,22 156,42
1100 57,6 76,7 95,9 115,0 134,12 153,12 172,12
1200 62,8 83,7 104,6 125,42 146,22 167,02 187,7b
1300 68,0 90,7 113,3 135,92 158,42 180,9b 203,4b
1400 73,3 97,7 122,02 146,32 170,62 194,8b 219,0b
1500 78,5 104,6 130,72 156,82 182,8P 208,8P 234,7P
a  Ifresulting opening e > 120 mm, access of other parts of the body is possible. See ISO 13857.
b Ifresulting opening e > 180 mm, whole body access is possible.

12.3 Interlocking devices with guard locking

Where the release time delay ty of the guard locking device is less than the overall response time T, the
separation distance S shall ensure that persons cannot access the hazard zone before the intended risk
reduction is achieved. The separation distance S shall be calculated according to Formula (41):
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where
K is1600 mm/s;
T isthe overall system response time;

tpy istherelease time delay of the guard locking device;

D¢y is the reaching distance through the protective structure taken from ISO 13857:2019, as described
in12.2.
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Annex A
(informative)

Achieving intended risk reduction

Application of a safeguard is one step in the overall process of risk reduction as addressed in ISO 12100.
Each safeguard applied has one or more intended purposes to reduce risk.

NOTE 1

See IS0 12100:2010, 5.6.2 for further details regarding adequate risk reduction.

When calc
the time t
hazardous
achieved. T

safe st
safe cd
termirn

cessat

This docuiment presents information for the appropriate application of a safeguard based on

system res
of safegua
has come f
to considel
applicable

in a) to f), but these references are not always directly relevant in a given application:

a) the for
b)
9
d) thepr
e)
f)
NOTE 2

the pa
the sh

the sp¢

the ris

q

J

ulating the separation distance S of a safeguard according to the provisions of this
b achieve the intended risk reduction represents a decisive parameter. This /time i
machine function (usually a motion) is altered in such a way that the intended tisk r
his concept has different names in industry and in standards, including:

hte;
ndition;
ation of hazardous machine function;

on of hazardous machine function.

ponse time T. The reliability of this decisive time @arameter is necessary for proper
"ds according to this document. If the intended risk reduction is achieved before tH
0 a complete stop, but it is not possible to détermine when the moment occurs, it ig
' the time at which the machine comes to\a“complete stop. There are many factors {
hnd only limited guidance is currently available. Some examples that can be considere

ce being applied to the human body;

ts of the human body which.can be affected;

ipe of the machine part{(elg. sharp edges, pointed parts);
perty of the material (e.g. soft rubber, deformable);

bed of the movement;

k of crushing hazards.

ome ipformation about reduced energies (e.g. forces, speeds, kinetic) can be found in IRSST R

document,
when the
eduction is

the overall
hpplication
e machine
necessary
hat can be
d are given

956[30],

NOTE3 |

Jinimum gaps to avoid crushing of parts of the human body can be found in ISO 13854.

If a separation distance is calculated according to the provisions of this document, the relationship between
the overall system response time T and the moment when the intended risk reduction is achieved before the
machine comes to a complete stop should be made explicit. Such a relationship can, for example, be defined

as follows:

— With crushing hazards the intended risk reduction can be achieved 2 mm prior to the position where the
machine comes to a complete stop, unless there is a risk of crushing of the head.

This means that the time represented by these 2 mm may be used to reduce the overall system response time T.

NOTE 4
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Annex B
(informative)

Measurement and calculation of system performance to achieve the

B.1 Gen

intended risk reduction

eral

Instruction
distance td

B.2 Magd

The signal
to the magd
distance. F
safety fung
the intendgd

The time ¢
(longest) t
Various fag
— toolw
tempe
switch
ageing
— operat
Among coyj
— the m3
the m3

the m4

is or guidance on specific procedures applicable to measurement and calculation
achieve the intended risk reduction should be provided.

hine test conditions

to simulate the activation of the protective device (i.e. initiate the safety function) shou

pr some risk reduction measures it is necessary to determine the.total distance of travj
tion has been initiated. See 5.4 and Annex A for additional information regarding timg
d risk reduction.

r distance to achieve the intended risk reduction should be measured for the wor
jme or distance of a machine under maximum capability during normal operating
tors specific to an application can impact the woersf’credible situation such as, but not

pight;

rature;

ing times of valves;
of components;

ing speed.

chine is at maximuun capable speed;
chine is at maximum extension (extending the moment arm);

chine isat90° on a sinusoidal crank.

The machine$hould be tested under conditions which most realistically replicate the norma
conditions| Toachieve the intended risk reduction during all machine cycles, it can be necessary

ditions to consider asthé worst credible scenario include, but are not limited to, when}

of time or

1d be given

hine at the moment/position/phase of motion which gives the lafigest system response time or

el after the
to achieve

st credible
conditions.
limited to:

operating
to test the

machine in conditions which replicate machine performance at both initial start-up and after multiple cycles.

To test machine performance under initial start-up conditions, the test should be performed with the machine
at normal operating conditions. To replicate performance at normalized internal conditions, multiple cycles
of the machine can be required. The test results can be affected by temperature of wear surfaces, lubricants,
hydraulic fluid and brake/clutch wear pads. Both sets of data should be evaluated according to B.3. The
largest resulting value should be used for final calculation of the separation distance S.

B.3 Test interval and measurement procedure

The interval between tests should follow the typical production cycle interval unless it can be shown that
shorter intervals will not adversely affect the performance measurements.
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Measurements should be taken using a stopping performance device which has been calibrated according
to the manufacturer’s instructions when applicable. One measurement is not sufficient. At least ten
measurements are required under each test condition. In addition to stating the calculated separation
distance S and identifying the machine on which the measurements were made, the measurement procedure
should also contain a list of assumptions that were made about how the worst-case scenario was determined
and how the intended risk reduction was defined. An adequately formulated measurement report should
contain the following information:

a)
b)
<)
d)
€)
f)
g)
h)

identification of the machine;
safeguard(s) and interface(s) used;

measuring equipment used;

verificption (including calibration, when applicable) of measuring equipment;

identification of the person/company that performed the measurements;

date of measurements;

measuring method used;

assumptions made for the measurements and calculations;

additignal information about the machine or measuring scenario;

calculated overall system response time T;

k) calcul3ted separation distance S, showing values used in formulae.

The information listed above should be included with the' documentation of the calculated [separation

distance S.

B.4 Fault conditions

For the ca
during nor

it will not e necessary to consider the.speed of moving equipment under fault conditions as det¢

the risk asf

Where a p
time: the p
extension {

The calcul{

culation of the separation distarnice S in accordance with this document, maximum
nal operating conditions of moving equipment in the hazard zone may be taken. Itis p

essment.

erson approaches a(hazardous situation, two independent events need to occur a
erson stretches an‘drm out towards the hazard zone and the moving equipment fails
it the same time, Which is unlikely.

capability
bssible that
brmined by

[ the same
n speed or

d travel or

tion of speed, even under fault condition, can be needed, e.g. when designing restricte
hachine axjs and persons can be hit in case of fault. Under such circumstances, a person is present
proaching and a single fault can lead to a hazardous situation. Such considerations aire not dealt
5 document, but can be the subject of type-C standards.

motion of 1
but not ap]j
with in thi

B.5 Calculation of the overall system response time T to achieve the intended risk
reduction

A statistical method to estimate 99,7 % of all values in a normally distributed population is to calculate
the mean value 3 sample standard deviations. The highest measured value or the mean plus three sample
standard deviations, whichever is greater, should be used. See B.6 for an example. The mean value alone
should not be used, since the machine in 50 % of the cases would have a longer overall system response time.

The practice of removing outliers in the measurements is not recommended unless it can be safe to assume
that the outlier is due to an error in the measurement.
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B.6 Example measurement analysis — Calculation of the sample standard deviation

System response time measurements were performed for a machine at both cold start-up and again after
the machine had warmed up (see Table B.1). For each condition, 10 system response time measurements
were taken. The following steps show how to calculate system response time.

Table B.1 — Measured system response times

System response time
s

Measurement Cold machine start-up Hot machine
1 0,561 0,663
2 0,553 0,654
3 0,612 0,653
4 0,544 0,651
5 0,553 0,727
6 0,571 0,656
7 0,567 0,678
8 0,583 0,665
9 0,656 0,683

10 0,554 0,714

Step 1: Calculate the system response time under cold start-up conditions

The mean plus three sample standard deviations, 0,679 s, is gr€ater than the highest measured time, 0,656 s,
therefore the calculated system response time for cold startup is 0,679 s.

Step 2: Calculate the system response time for machine running at normal conditions

The mean plus three sample standard deviations, 0,754 s, is greater than the highest measured tiine, 0,727 s,
therefore the calculated system response time{at normal operating conditions is 0,754 s.

Step 3: Compare measured system response times

The highegt encountered system response time at normal operating conditions, 0,754 s, is greater than the
highest en¢ountered system response time for cold start-up, 0,679 s, therefore 0,754 s should be used in the
calculation of the separation distance. See Table B.2.

Table B.2 — Comparison of system response time values

Calculation results
S

Variable Cold machine start-up Hot machine
Mean (X ) 0,575 0,675
Sample standard deviation (s,) 0,034 4 0,026 5
X +3s, 0,679 0,754
Highest measured value 0,656 0,727
Highest encountered value 0,679 0,754

Value used
distance

for calculation of the separation

0,754
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Annex C
(normative)

Devices with multiple beams or arrangements of single beams with
effective detection capability d, > 120 mm or undefined — Number of
beams and their height above the reference plane without change in
elevation

For devicep with multiple beams or arrangements of single beams with effective detection '¢gpability d,
greater than 120 mm or undefined intended to detect whole body access without change.in elevation (see
4.3), the heights given in Table C.1 or Table C.2 shall be applied. Table C.2 shall only be applied i1} industrial
environments and where allowed by the risk assessment.

NOTE These heights have been found to be the best compromise between an adequate risk reductiion and the
most practifal in application. Not all applications allow the use of devices with multiple beams or arrapgements of
single bean]s with effective detection capability d, > 120 mm or undefined. Further’protective measurep to prevent
access to the hazard zone or SRMCD can be required.

Table C.1 — Heights above and parallel to thé reference plane

Number |of Heights above and parallel to the reference plane,unless Applicable only for|openings
beamsg otherwise noted with dimensipns
mm mm
Beam 1 Beam 2 Beam-3 Beam 4 Height h Width w
200 500 800 1100 unrestricted unfestricted
200 600 1000 unrestricted unrestricted
200 400 o < 600 unfestricted
200 Of <500 >300
. "erticv;‘,‘};eam' n@ : > 500 <300
o2 O 240<0<5(0
O for round opernfings

Table C.2|— Alternative heights above reference plane for industrial applications where allowed by
arisk assessment

Numberof Heights above and parallel to the reference plane Appllcap le o_nly fm'- openings
beams with dimensipns:
mm mm
Beam 1 Beam 2 Beam 3 Beam 4 Height i idth w
300 600 900 1200 unrestricted unrestricted
300 700 1100 unrestricted unrestricted
200 400 <600 unrestricted
200 <500 > 300
vertical beam,
1 w/2 >500 <300
240 <2 <500
2/2 .
for round openings
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The heights for 2, 3 and 4 beams given in Table C.1 and Table C.2 apply to beams

— positioned parallel to the reference plane;
— where the beams are in the same plane; and

— where the approach to the resulting plane is orthogonal according to Clause 7.
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Annex D
(normative)

Supplier information for time and distance to achieve the intended

risk reduction

When a machine has a stopping time or stopping distance limiting safety function that causes a stop before
exceeding the set limit, the data according to this Annex are not required.

NOTE1l [

When info

or parameterization of limits, see ISO 13849-1:2023, 5.2.2.7 and 6.3.

rmation is provided regarding time and distance to achieve the intended, risk red

uction, the

following metric shall be used to present standardized data. This information is needed to callculate the

separation|
and practi

distance when applying safeguards according to this document. To make this informag
Cal, values need to be provided for varying steps up to maximum cohditions to pre

running conditions.

Testing sha
include the

a) the mg
b) the m3
c) enviro
d) aprop
e) the mse
The suppli

111 conform with documented overall system response time testing conditions (see Anj
following:

chine shall be warmed up prior to testing;

chine shall be installed per supplier’s requirements;

hmental requirements (e.g. power, temperature)'shall be met;

er test procedure shall be established;
thod of measurement shall be described.

b1 shall forecast the degradation of‘machine performance to achieve the intended ris}

due to normal use and recommend when the machine should be refurbished.

The data r¢

the tin
functi

if valid

NOTE2
cableless pé

The stoppi

bcommended is as follows;

ne to achieve the intended risk reduction shall be determined from the initiation of]
n to when all hazardous conditions have achieved acceptable risk;

ated simulatign.¥alues are available, then these values may be obtained using simulat

ndants).

hg distance shall be determined as the total distance travelled after the initiation of 3

stop. Dista

tion useful
dict actual

hex B), and

¢ reduction

the safety

on.

'his data varies depending on additive delays due to control system feature and configyration (e.g.

protective

nceyshall be provided in linear or angular units as appropriate.

For stop Category 0 in accordance with IEC 60204-1, the measurement procedures under maximum
conditions (e.g. maximum speed, maximum load and maximum displacement, when applicable) are sufficient.
If the machine has a stop Category 1 in accordance with IEC 60204-1, additional data or correction factors
shall be provided. For stop Category 1, the stopping time and distance values shall be stated for 100 % of
maximum depending on application specific factors (e.g. speed, payload, extension).

A description of how to perform the measurement of time or distance to achieve the intended risk reduction
for a particular application, machine, and or tool and loads shall be provided by the supplier.
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Annex E
(informative)

Variable key for determining separation distance for safeguards

E.1 Variables introduced in Clause 4

[ o IR R | .4 XL L] 1.1 - " 1 h Pall 4
IdUIC L. 1 — VdI'ldUICS I OUuuccu 111 Gidus<c F

Used in this document Other refererjces
5]
L S <o
=] =) (=] (=]
Q; [} [5) N : S ' '
n Ne) ©
Variable ||Parameter g - 10 S~ 1 B <+ |l >
TR ) e R o Q |IRe|dx
n =T =oo =2 3 — o [[fex|o-
= L= & s L= = o o
S Q= o oo ke o o SRR SRSRRERS
=} x & [~i=] [~ 2 L2 HIESIES
Hg height of step mm - 2 1 - - - - -
Wy width f)f step from edge to mm - 2 1 _ _ _ _ _
detection zone
D reaching distance associat- mm 1,6,8, | 2,21, 22, _ c _ c _ _
DS ed with a protective device 13,32 | 23,24,2
e opening in protective struc- mm | 38 F2 26,27 _ _ o _ _ _
ture
distance between detection
Gp zone and nearest obstruc- mm C 22 - X - E - -
tion
18,19,
effective detection capabil- 20,21, 14, 20, G.2
d, it mm | 22,23, |7 ?3 ’ 3 d - d d d
y 27,28, | ==
30
a  Will be yithdrawn once this edition is published.
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Slotted|opening.
Square|opening.
Round ppening.
Irregulpr opening.

Figure E.1 — Openings of irregular shape
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E.2 Variables introduced in Clause 5

Table E.2 — Variables introduced in Clause 5

Used in this document Other references
] 2} (@)} [ee]
o = S | S
@ ® ® I I S I :
D~ O
Variable |Parameter g~ 10 S = 2 vl SR
(TR Q9 LeL 3 o Q |So|3dx
2 T = oy = 59 a — © |[od|oZ
=1 Nt St St
5| 28 | & | &% 2 |2 | 8 |83|ES
16812
14,15, 16, b
17,1920, | 511,13, Q‘L
N 22,23,24, | 14,16,17, _ _
S separation distance mm 26.28.29, | 21,22, 23, 2 S @ 1/5 S
31,32,33, | 24, 25, 26 céo
34,35, 36, NP
= o
1681 | GIL | D
K approach speed mm/s | 17,25,26, | 55555, - ‘\ K - - K K
22,23, 24, @)
32,36
2526 |
1,234
56,789, \\<2
101114, |
15,16, 17, 11,
overall system response 19, 20, 22, 14,17,
T |time S 232425212223 ~ | T T[T
26,28 24, 25,26
31, 32733,
3 36,
e 37
\\ )
response time of the SRP/CS
tse/cs | |or SCS /51 22010 4 ) S T
[
t response time of the inputf-§$\ S 3,7 F1 4 - ty - - - -
response time of the SR _ _ _ _ _
b, or SCS logic O S 37 E3 4 t
response time of 'RP/CS
to S 3,7 4 - ty - - - -
or SCS output ~-
response ti the ma-
tMe i s 2 4 - t, - - - -
chlnery/\?*
resp@’{ime related to _ _ _ _ _ _
t d;gs?a ion of source energy S 37 4
; %Bonse time related to . 3 7 4 _ _ _ ~ ~ ~
R Mechanical FTeSponse
response time related to _ _ _ _ _
tm mechanical inertia S 379 4 t
time related to a tolerance
t factor for the machinery S 2351 4 - B - - - -
overall system response
T, time determined by meas- S 5 4 - - - - - -
urement
¢ time delay from the initia- s 4 _ _ _ _ _ _ _
SF tion of a safety function =

a  Will be withdrawn once this edition is published.
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