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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 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 199, Safety of machinery, in collaboration with 
the European Committee for Standardization (CEN) Technical Committee CEN/TC 114, Safety of machinery, 
in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This third edition cancels and replaces the second edition (ISO 13855:2010), which has been technically 
revised.

The main changes are as follows:

— document expanded for applicable cases and partly revised to be state-of-the-art;

— figures revised for clarity and better understanding;

— scope wording improved to better focus on the document’s content;

— Clause 4 improved for better explanation of the methodology;

— document restructured from Clause 5;

— calculation of reaching distances separated for those applications which are initiating a safety function 
and those which are not initiating a safety function;

— dynamic separation distance calculation included for mobile applications with unknown human direction 
of approach;

— improvements for better distinction of different paths of approach;

— requirements for single control devices (hand- and foot-operated) and interlocking guards added;

— annexes revised in order to match with the body text of this document;

— Annexes D to G 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:

a)	 type-A standards (basic safety standards) giving basic concepts, principles for design, and general 
aspects that can be applied to all machinery;

b)	 type-B standards (generic safety standards) dealing with one safety aspect or one type of safeguard 
that can be used across a wide range of machinery:

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

—	 type‑B2 standards on safeguards (e.g. two-hand control devices, interlocking devices, pressure-
sensitive devices, guards);

c)	 type‑C standards (machine safety standards) dealing with detailed safety requirements for a particular 
machine or group of machines.

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

This document is of relevance, in particular, for the following stakeholder groups representing the market 
players with regard to machinery safety:

—	 machine manufacturers (small, medium and large enterprises);

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

Others can be affected by the level of machinery safety achieved with the means of the document by the 
above-mentioned stakeholder groups:

—	 machine users/employers (small, medium and large enterprises);

—	 machine users/employees (e.g. trade unions, organizations for people with special needs);

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

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

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

In addition, this document is intended for standardization bodies elaborating type-C standards.

The requirements of this document can be supplemented or modified by a type-C standard.

For machines which are covered by the scope of a type-C standard and which have been designed and 
built according to the requirements of that type-C standard, the following applies: if the requirements of 
that type-C standard deviate from the requirements in type-B standards, the requirements of that type-C 
standard take precedence over the provisions of other standards.

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;

—	 the time taken to achieve the intended risk reduction following operation of the safeguard, for example, 
to stop the machine;

—	 the bio-mechanical and anthropometric data;

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

vii
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—	 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.

viii
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International Standard ISO 13855:2024(en)

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 approach of the human body or its parts towards hazard(s) within the intended span-of-control as 
follows:

—	 the position and dimension of the detection zone(s) of ESPE and pressure-sensitive mats and pressure-
sensitive floors;

—	 the position of two-hand control devices and single control devices;

—	 the position of interlocking guards. 

This document also specifies requirements for the positioning of safety-related manual control devices 
(SRMCD) with respect to the approach of the human body or its parts from within the safeguard space 
relative to:

—	 the position and dimension of the detection zone(s) of ESPE and pressure-sensitive mats and pressure-
sensitive floors; and

—	 the position and dimension of interlocking guards.

When evaluating the ability of the human body or its parts to access SRMCD from within the intended 
safeguarded space, the requirements of this document are also applicable to determine the dimensions of 
safeguard(s). Approaches such as running, jumping or falling, are not considered in this document.

NOTE 1	 The values for approach speeds (walking speed and upper limb movement) in this document are time 
tested and proven in practical experience.

NOTE 2	 Other types of approach can result in approach speeds that are higher or lower than those defined in this 
document.

This document applies to safeguards used on machinery for the protection of persons 14 years and older.

Safeguards considered in this document include:

a)	 electro-sensitive protective equipment (ESPE) such as:

—	 active opto-electronic protective devices (AOPDs) (see IEC 61496-2);

—	 AOPDs responsive to diffuse reflection that have one or more detection zone(s) specified in two 
dimensions (AOPDDRs-2D) (see IEC 61496-3);

—	 AOPDs responsive to diffuse reflection that have one or more detection zone(s) specified in three 
dimensions (AOPDDRs-3D) (see IEC 61496-3);

—	 vision based protective devices using reference pattern techniques (VBPDPP) (see IEC/TS 61496-4-2);

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

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

c)	 two-hand control devices (see ISO 13851);

1

﻿
© ISO 2024 – All rights reserved

Full document details: ISO 13855-2024

http://www.avadocuments.com/doc/iso-13855-2024
http://www.avadocuments.com/doc/iso-13855-2024


ISO 13855:2024(en)

d)	 single control devices;

e)	 interlocking guards (see ISO 14120).

This document is not applicable to:

—	 safeguards (e.g. pendant two-hand control devices) that can be manually moved, without using tools, 
nearer to the hazard zone than the separation distance;

—	 protection against the risks from hazards arising from emissions (e.g. the ejection of solid or fluid 
materials, radiation, electric arcs, heat, noise, fumes, gases);

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

The separation distances derived from this document do not apply to safeguards used solely for presence 
sensing function.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

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

ISO 13857:2019, Safety of machinery — Safety distances to prevent hazard zones being reached by upper and 
lower limbs

3	 Terms, definitions, symbols and abbreviated terms

For the purposes of this document, the terms and definitions given in ISO 12100 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1	 Terms and definitions

3.1.1
overall system response time
DEPRECATED: overall system stopping performance
T
time interval between the actuation of the sensing function and achieving the intended risk reduction

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

3.1.2
response time
tx
maximum time between the occurrence of the event leading to the actuation of the safeguarding device and 
the achieving 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 
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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 capability
d
ability to detect the specified test piece(s) in the specified detection zone

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

3.1.4
effective detection capability
de
sensing function parameter limit set by the integrator of the device that will cause its actuation

3.1.5
electro-sensitive protective equipment
ESPE
assembly of devices and/or components working together for protective tripping or presence-sensing 
purposes and comprising as a minimum:

—	 a sensing device;

—	 controlling/monitoring devices;

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

Note 1 to entry: ESPEs refer only to non-contact sensing devices.

[SOURCE: IEC 61496-1:2020, 3.5, modified — The original Notes 1 and 2 to entry have been deleted and a 
new Note 1 to entry has been added.]

3.1.6
indirect approach
approach where the shortest path to the hazard zone is obstructed by a mechanical obstacle

Note 1 to entry: The hazard zone can only be approached by going around the obstacle.

3.1.7
detection zone
zone within which a specified test piece is detected by the sensitive protective equipment

Note 1 to entry: The detection zone can also be a point, line or plane.

Note  2  to entry:  ISO  13856-1 uses the term “effective sensing area” when describing pressure-sensitive mats 
and pressure-sensitive floors. In this document, the terms “detection zone” and “effective sensing area” are used 
synonymously.

[SOURCE: IEC  61496-1:2020, 3.4, modified — “electro-” has been removed before “sensitive 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.

3

﻿
© ISO 2024 – All rights reserved

Full document details: ISO 13855-2024

http://www.avadocuments.com/doc/iso-13855-2024
http://www.avadocuments.com/doc/iso-13855-2024


ISO 13855:2024(en)

3.1.9
reaching distance associated with a protective device
DEPRECATED: intrusion distance
DDS
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 platform can be the 
reference plane).

[SOURCE: ISO  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-control
predetermined 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 volume enclosing a hazard zone(s) where guards and/or protective devices are intended to 
protect persons

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

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

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

Note 1 to entry: Examples include actuating devices such as pushbuttons, selector switches, or foot pedals designed 
for functions such as reset, start/restart, unconditional guard unlocking or hold-to-run control (e.g. jog, inching).

3.1.15
single control device
control device which requires actuation by either a single hand or foot in order to initiate hazardous 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

4
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3.1.17
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 moving parts of the machine (operating space) or the moving range of the machine itself.

3.1.18
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 
parts are still moving.

Note 2 to entry: Hazards can also travel even if machine parts do not (e.g. a rotating laser beam).

3.1.19
speed and separation control
SSC
safety function that achieves the intended risk reduction by maintaining the separation distance by changing 
the speed and or the trajectory of the machine or its parts relative to the detected position of parts of the 
human body

Note  1  to  entry:  The separation distance depends on several parameters, e.g. the speed and approach direction of 
the parts of the human body; the speed, direction, and orientation of moving hazard zones; the effective detection 
capability (3.1.4) of the protective devices; the response time (3.1.2) of the safety-related parts of the control system 
involved.

3.1.20
safety-related part of a control system
SRP/CS
part of a control system that performs a safety function, starting from a safety-related input(s) to generating 
a safety-related output(s)

[SOURCE: ISO 13849-1:2023, 3.1.1, modified — Note 1 to entry has been deleted.]

3.2	 Symbols and abbreviated terms

3.2.1	 Symbols

See Annex E.

3.2.2	 Abbreviated terms

AOPD active opto-electronic protective device

AOPDDR active opto-electronic protective device responsive to diffuse reflection (e.g. laser scanner)

VBPD vision-based protective device

ESPE electro-sensitive protective equipment

SPE sensitive protective equipment (see ISO 12100:2010, 3.28.5)

SRMCD safety-related manual control device

SRP/CS safety-related part of a control system

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

5
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SSC 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 
circumventing the detection zone of the safeguard (see Figure 12).

Figure  1 provides a representation of the methodology for determining the positioning of sensing or 
actuating devices of safeguards in accordance with this document, which is as follows:

a)	 Determine if the considered safeguard is appropriate to achieve the intended risk reduction for the 
identified hazard (as specified in ISO 12100).

NOTE 1	 Intended risk reduction can include detection of access toward a hazard zone, as well as reaching 
toward an SRMCD from within the safeguarded space.

b)	 If a type-C standard exists for the machinery, select one of the specified types of safeguards from that 
standard, and then use the distance specified by that standard. If no type-C standard exists, continue to 
Step c).

If there is no type-C standard, use the formulae in this document to calculate the separation distance for 
the safeguard selected.

NOTE 2	 Type-C standards can specify minimum distances (referred to as separation distance in this document) 
directly or by reference to this document.

c)	 Confirm that the application of the safeguard is within the assumptions identified within this document.

d)	 Identify the hazard zones associated with the safeguard.

e)	 Determine the separation distances between the safeguard and its hazard zone(s). Then select the largest 
(most protective) of the separation distances. Consideration shall be given to possible circumvention of 
the safeguard (e.g. reaching over, through, around or under).

f)	 Determine if whole body access is possible. If whole body access is possible, apply additional protective 
measures to prevent unexpected reset/restart with person(s) inside the safeguarded space according to 
step g). If whole body access is not possible or is not applicable (e.g. two-hand control device), continue 
to step i).

NOTE 3	 ISO 12895 is under preparation specifically for the topic of whole body access and its derived risks.

g)	 When no additional detection of persons within the safeguarded space is used, SRMCD(s) shall be 
identified and step h) applies. Where additional detection of persons within the safeguarded space 
is used for those additional detection means, the separation distances of this document do not apply, 
continue to step i).

h)	 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.

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 e). 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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NOTE 4	 Redesign of the machine or the safeguard can result in a risk reduction measure which does not 
require the application of this document.

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

Clause 5 describes the calculation of the static separation distance, e.g. for the proper positioning of an AOPD 
(safety light curtain) away from the die of a power press. The static approach, however, can lead to large 
safety distances due to its worst-case approach or cannot be applicable due to the nature of the hazards to 
be covered by the intended safeguarding (e.g. the collision of a mobile platform with a human).

Clause  6 describes the calculation of the dynamic separation distance, e.g. for the proper sizing of the 
detection zone of an AOPDDR-2D (safety laser scanner) or AOPDDR-3D (safety 3D sensor) or VBPD monitoring 
a safeguarded space. As a basis for the dynamic separation distance calculation, the position of the hazard 
and the overall system response time according to the actual speed and braking capability (deceleration) of 
the hazard shall be known.

4.3	 Reference planes

The parameters specified in this document are applicable to typical approaches of persons in the workplace. 
In some applications, movement near machinery requires persons to change elevation to perform expected 
tasks (step up or step down). Furthermore, design of machinery can present the ability for persons to change 
elevation while accessing the hazard zone or an SRMCD. In such cases, the level the person is using for access 
shall be considered when determining appropriate reaching considerations.

When a change in elevation is present (e.g. step, platform, machinery frame), the reference plane shall be 
determined according to Table 1 and Figure 2.

When using Table 1 and Figure 2, the direction of approach toward the hazard zone or the SRMCD shall be 
considered.

NOTE	 The situation where a person climbs and stays on the higher surface is not considered in the scenarios 
described in Table 1 (see 4.4).
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Table 1 — Determination of reference plane with elevated surfaces when reaching toward hazard 
zone or SRMCD

Direction of approach SPE location to step
Height of step Width of step from edge to detec-

tion zone
HS WS
  < 50 mm a ≥ 50 mm a

Stepping up

In front 
[see Figure 2 a)]

≥ 1 000 mm A A
< 1 000 mm A A

At or behind 
[see Figure 2 b)]

≥ 1 000 mm b B B
< 1 000 mm b A C

Stepping down

In front 
[see Figure 2 c)]

≥ 500 mm c D D
< 500 mm c E E

At or behind 
[see Figure 2 d)]

≥ 500 mm c D F
< 500 mm c E G

Scenario Possibility of access Reference plane
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

a	 50 mm value derived from P5 heel width given in DIN 33402-2:2020-12, Table 60.
b	 1 000 mm value taken from ISO 13857:2019, Table 1 (Note a) and Table 2 (Note b).
c	 500 mm presents risk of falling; value taken from ISO 14122-2:2016, 4.2.3.
d	 See ISO 14122-2 for further information for other means to address additional falling hazards.
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a) Stepping up (SPE in front of the step) b) Stepping up [SPE behind (or at) the step]

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

Key
1 higher surface HS height of step
2 lower surface WS width of step from edge to detection zone
3 direction of approach DDS reaching distance associated with a protective device
4 nearest point when approaching an SRMCD K approach speed
5 nearest point when approaching a hazard zone T overall system response time
6 hazard zone Z application-dependent supplemental distance factor

Figure 2 — Representation of elevated surfaces for determining reference plane when reaching 
toward hazard zone or SRMCD

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 5th to the 95th percentile of persons of 14 years and older were used in the 
determination of the reaching distance values in the formulae;
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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 de is used to determine DDS 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;

—	 persons can force parts of the body around or through openings created between safeguards and other 
protective structures (e.g. mounting/support structures, machine frame) in an attempt to reach the 
identified area (hazard zone or SRMCD);

—	 the reference plane is a surface on which a person would normally stand, but is not necessarily the floor 
(e.g. a permanent working platform or permanent means of access);

—	 there is some contact with the reference plane (e.g. climbing is not included);

—	 no aids (e.g. chairs, portable ladders) are used to change the reference plane;

—	 it is not possible to gain access to the identified area by stepping or climbing on the housing of the 
safeguards, including associated mounting structures;

—	 no aids (such as rods or tools) are used to extend the natural reach of the upper limbs that can reach or 
become engaged with the identified area.

4.5	 Specific requirements for ESPE regarding whole body access

4.5.1	 General

When an ESPE is used only for the detection of whole body access on an orthogonal approach, the height of 
the lower edge of the detection zone (e.g. beam) from the reference plane HDB, to prevent access under the 
detection zone, shall be ≤ 200 mm. For industrial environments, a maximum height of 300 mm for the lowest 
edge of the detection zone is acceptable if the results of the risk assessment show this to be sufficient. See 
Annex C.

4.5.2	 Additional requirements for detection zones mounted vertical to the reference plane

a)	 The height of the upper edge of the detection zone HDT shall be ≥ 900 mm to prevent stepping over the 
detection zone. This is not applicable where a single beam is used (see Annex C) as well as where the 
detection zone is parallel to the direction of approach (see 9.2); 

b)	 the beam spacing of the ESPE shall be ≤ 400 mm. See Figure 3.
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Dimensions in millimetres

Key
1 reference plane
2 ESPE beams

Figure 3 — Example of multiple beam system used for whole body access

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

4.5.3	 Additional requirements for single beam devices

Single beam devices mounted parallel to the reference plane shall only be used for openings with 
height ≤ 500 mm and shall be placed at a height of 200 mm. See Annex C.

4.6	 Reaching distance to SRMCD

The concept of reaching distances has previously only been applied to distances for parts of the human body 
accessing a hazard zone. This document extends this concept to include accessing an SRMCD from within a 
safeguarded space. This concept shall be applied to positioning of any SRMCD whose actuation can result in 
an immediate increase of the risk.

For use with SRMCD, substitute the point defined as the nearest hazard (e.g. location, measurements) in the 
relevant parts of this document with the SRMCD where contact shall be prevented.

When actuation of an SRMCD can result in harm to individuals, the SRMCD shall be oriented and located at 
sufficient distance to prevent actuation by a person from inside the safeguarded space.

For SRMCD used in conjunction with protective structures (e.g. guards), the requirements of ISO 13857 shall 
apply in addition 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).

Requirements are also provided for arrangements where

—	 an angled approach (between orthogonal and parallel) needs to be considered (see Clause 7);
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—	 it is necessary 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	 These situations also appear in combination.

NOTE 2	 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 be used to achieve the required risk reduction by maintaining the dynamic separation distance 
by appropriate adaptation of the speed or trajectory of the potential hazardous movements of the machine 
or its parts. The change of speed or trajectory of the hazardous movements of the machine or its parts can 
include causing a stop.

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

—	 Any parts of the human body intended to be detected and present in the safeguarded space shall be 
detected.

—	 Failure to track all parts of the human body intended to be detected in the safeguarded space shall result 
in an immediate command to achieve the intended risk reduction within the span-of-control.

—	 Failure to maintain the separation distance between a human or parts of the human body in the 
safeguarded space shall result in an immediate command to achieve the intended risk reduction within 
the span-of-control.

The dynamic separation distance shall be calculated according to 6.3. Where the SPE measures the approach 
speed of the human or parts of the human body, the measured value may be applied for the calculation. 
Otherwise, the approach speed according to 5.3.1 shall be applied.

The performance of the SRP/CS or SCS providing the approach speed measurement shall be such that it does 
not diminish the performance of the SRP/CS or SCS that provides the SSC function. The uncertainty of the 
measurement of the position and speed of the hazardous machine parts or the machine itself as well as the 
uncertainty of the measurement of the position and speed of parts of the human body shall be included in 
the supplemental distance factor Z. If the measurement uncertainty is known, it shall be stated as ZM as 
described in 5.6. If the measurement uncertainty is unknown, then three sample standard deviations shall 
be added to the mean value of the measurements. See B.5 for additional information.

5	 Separation distance

5.1	 General

The safeguard shall be located at the separation distance from the hazards or hazard zone within the span-
of-control of the safeguard to protect persons when reaching over, through or under the safeguard. See also, 
Annex A for information regarding achieving intended risk reduction.

Safeguards that require a separation distance include:

a)	 SPE (see Clauses 7, 8 and 9);

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

c)	 two-hand control devices (see Clause 10);

d)	 single control devices (see Clause 11);

e)	 interlocking guards (see Clause 12).
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NOTE	 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 S

The separation distance shall be calculated by using Formula (1).

S = (K ×T) + DDS + Z	 (1)

where

  S is the separation distance, in millimetres (mm);

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

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

  DDS is the reaching distance associated with a protective device, in millimetres (mm), (see 5.5);

  Z is  an application-dependent supplemental distance factor, in millimetres (mm), (see 5.6).

5.3	 Approach speed K

5.3.1	 Approach speed of the human body

The factor K is the speed constant which includes hand and body movements of a person(s) approaching a 
hazard zone.

 This document considers the following factors for the determination of K:

—	 hand and arm movement;

—	 twisting of the body or shoulder, or bending at the waist;

—	 walking.

The speed constant of 2 000 mm/s defines the hand speed value, usually considered as the horizontal motion 
of the upper limbs (hand and arm, also known as reaching). For approaches to the hazard zone where this 
hand and arm movements are involved, a value for K = 2 000 mm/s shall be applied.

The speed constant of 1  600  mm/s defines the walking speed value. For approaches to the hazard zone 
where walking movement is required, a value for K = 1 600 mm/s shall be applied.

These values do not include other movements of the body, machinery or combinations which can affect the 
actual approach speed. Consideration of these movements shall be included when determining the speed 
constant for a given application.

5.3.2	 Approach 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 reaches 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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5.4	 Overall system response time T

The overall system response time T used to determine the separation distance of a safeguard shall be 
determined either by calculation or by measurement (Tm).

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):

T ≥ tSRP/CS + tME +tF	 (2)

where

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

  tSRP/CS is the response time of the SRP/CS or SCS;

  tME is the response time of the machinery; 

  tF is the time related to a tolerance factor for the machinery, if necessary.

tSRP/CS is determined by adding the worst-case assumptions from the manufacturer of the safeguard and the 
related parts of the SRP/CS or SCS.

tME is estimated by the machine manufacturer during the design and includes uncertainties.

tF is a value typically determined based on Tm and is influenced by various factors. When determining tF, 
factors such as tool weight, temperature, and aging of components as well as the worst-case scenario (e.g. 
maximum speed of a moving part) should be considered.

The overall system response time T can be determined as the sum of these factors and may be represented 
by Formula (3):

T ≥ tI + tL + tO + tD + tR + tM + tF	 (3)

where

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

  tI is the response time of the input (e.g. sensor, protective device);

  tL is the response time of the SRP/CS or SCS logic;

  tO is the response time of the SRP/CS or SCS output;

  tD is the response time related to dissipation of source energy;

  tR is the response time related to mechanical response;

  tM is the response time related to mechanical inertia;

  tF is the time related to a tolerance factor for the machinery, if necessary.
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Key
T overall system response time
Tm overall system response time determined by measurement
For tI , tL, tO, tD, tR, tM, tF see Key to Formula (3).

Figure 4 — Factors of T and measurement principle

NOTE 1	 Each block within tSRP/CS and tME adds time delay from the initiation of a safety function (detection event of 
a potentially hazardous situation by the sensor) to the final achievement of the intended risk reduction.

NOTE 2	 Not all elements of tME can affect the overall system response time in all safety functions to achieve the 
intended risk reduction. Elements which do not affect the overall system response time are not included in T.

When embedded safety functions prevent exceeding the time limit to achieve the stated risk reduction, the 
values tME and tF in Formula (2) may be substituted with tSF as shown in Formula (4).

T ≥ tSRP/CS + tSF	 (4)

where

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

  tSRP/CS is the response time of the SRP/CS or SCS;

  tSF is the time delay from the initiation of a safety function.

Where the determination of tSRP/CS and tME is not possible, the overall system response time T shall be 
determined by measurement. The value Tm 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 Tm and tF  as shown in Formula (5).

T ≥ Tm + tF	 (5)
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where

  Tm is the overall system response time determined by measurement;

  tF is the time related to a tolerance factor for the machinery, if necessary.

NOTE 3	 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	 If a stop time measurement device is used to measure the value of Tm 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 Tm, the start and completion triggers shall be as close as possible to the trigger event of the 
input [presence or absence of a person(s)] and when the intended risk reduction is achieved, respectively. 
Manual operation of the start and completion trigger can introduce larger variables.

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

5.5	 Reaching distance factors associated with a protective device DDS

5.5.1	 General

Additional reaching distance factors are dependent upon how safeguards are applied. Safeguards 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 safeguard without 
detection of a person; see 5.5.3.

5.5.2	 Reaching distance in applications initiating a safety function

For the following safeguards, the associated reaching distances shall be in accordance with Clauses 7 to 12:

—	 SPE, including ESPE and pressure-sensitive mats and pressure-sensitive floors;

—	 two-hand control devices and single control devices; and

—	 interlocking guards.

NOTE	 SPE do not detect the presence of a person or parts of the human body at the detection zone until an 
amount of penetration into the detection zone occurs. When using two-hand control devices, single control devices, or 
interlocking guards, it is possible for a person to reach toward the hazard zone before initiating a safety function. This 
amount is the reaching distance associated with a protective device DDS. 

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

In addition to the separation distance resulting from the calculations related to the overall system response 
time [see Formula (1)], the hazard shall be beyond the reach of a person. Situations where a person(s) can 
reach a hazard which shall be prevented include

—	 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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