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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
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
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as prepared by Technical Committee ISO/TC 199, Safety ofimachinery.
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and general

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,
aspects that can be applied to all machinery;

b) tlype-B standards (generic safety standards) dealing with one safety aspect or one or mqg
gafeguard that can be used across a wide range of machinery:
+ type-B1 standards on particular safety aspects (e.g. safety distances, surface témperatu
+ type-B2 standards on safeguards (e.g. two-hand controls, interlocking\devices, press

devices, guards);
c) Mpe-C standards (machine safety standards) dealing with detailed‘safety requirements fo
achine or group of machines.

This gocument is a type-B standard as stated in ISO 12100-1.

The fequirements 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 desig

accolding to the requirements of that type-C standard;the following applies: if the requirements ¢

stan

precadence over the provisions of other standards.

The

in part, on the relevant parts of that equipment being correctly positioned in relation to the haz

deci

dard deviate from the requirements in type-B\standards, the requirements of that type-C s

ffectiveness of certain types of safeguard described in this International Standard to minimi
ing on these positions, a number of aspects are taken into account, such as:

e necessity of a risk ass€ssment according to ISO 14121-1;

e practical experienee’in the use of the machine;

e overall system/ stopping performance;

e time. faken to ensure the safe condition of the machine following operation of the s
xample:to stop the machine;

re type(s) of

e, noise);

ure-sensitive

[ a particular

hed and built
f that type-C
tandard take

ve risk relies,
rard zone. In

pfeguard, for

e’bio-mechanical and anthropometric data;

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

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.
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INTERNATIONAL STANDARD ISO 13855:2010(E)

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

1 $cope

This International Standard establishes the positioning of safeguards with respect to the‘approafh speeds of
parts|of the human body.

It spgcifies parameters based on values for approach speeds of parts of the human body and provides a
methpdology to determine the minimum distances to a hazard zone from the detection zone or flom actuating
devidges of safeguards.

The yalues for approach speeds (walking speed and upper limb movement) in this International Standard are
time [tested and proven in practical experience. This International Standard gives guidance for typical
apprgaches. Other types of approach, for example running, jumping or falling, are not consifered in this
Interpational Standard.

NOTH 1 Other types of approach can result in approach speeds that are higher or lower than those Hefined in this
Interniational Standard.

SafeIuards considered in this International Standardinclude:
a) ¢lectro-sensitive protective equipment [seelEC 61496 (all parts)], including:

+ light curtains and light grids (AORDs);

— laser scanners (AOPDDRs) and two-dimensional vision systems;

b) pressure-sensitive protective equipment (see ISO 13856-1, 1ISO 13856-2 and 1SO 13856-3), especially
iressure-sensitive mats;

c) two-hand controldevices (see ISO 13851);
d) ipterlocking.guards without guard locking (see ISO 14119).

This [Interfational Standard specifies minimum distances from the detection zone, plane, llne, point or

interlpcking guard access point to the hazard zone for hazards caused by the machine (g.g. crushing,
shea ing, dmwing-in)

Protection against the risks from hazards arising from the ejection of solid or fluid materials, emissions,
radiation and electricity are not covered by this International Standard.

NOTE 2  Anthropometric data from the 5th to the 95th percentile of persons of 14 years and older were used in the
determination of the intrusion distance value “C” in the equations.

NOTE 3  The data in this International Standard are based on experience of industrial application; it is the responsibility
of the designer to take this into account when using this International Standard for non-industrial applications.

NOTE 4  Data specifically for children have not been used in this International Standard. Until specific data are
available for approach speeds for children, it is the responsibility of the designer to calculate the distances taking into
account that children might be quicker and that a child might be detected later.

© 1SO 2010 — All rights reserved 1
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The International Standard is not applicable to safeguards (e.g. pendant two-hand control devices) that can be
moved, without using tools, nearer to the hazard zone than the calculated minimum distance.

The minimum distances derived from this International Standard are not applicable to safeguards used to
detect the presence of persons within an area already protected by a guard or electro-sensitive protective

equipment.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated

references,
document (in

ISO 12100-1
terminology,

ISO 13857:2
upper and lo

ISO 14121-1

IEC 61496-1
requirements

3 Terms

3.1 Terms

For the purpgses of this document, the terms and definitions given in ISO 12100-1 and the following apply.

311
actuation
(safeguards)

3.1.2

pnly the edition cited applies. For undated references, the latest edition of the referg
cluding any amendments) applies.

Safety of machinery — Basic concepts, general principles for design —¢ Part 1:
imethodology

D08, Safety of machinery — Safety distances to prevent hazard zones being reached b
wer limbs

2007, Safety of machinery — Risk assessment — Part 1: Principles

2004, Safety of machinery — Electro-sensitive protective) equipment — Part 1: Gg
and tests

definitions, symbols and abbreviated terms

5 and definitions

physical initiation of the safeguard when it detects a body or parts of a body

overall systém stopping performance

T

time interval
function
NOTE Ad

313

between the actuation of the sensing function and the termination of the hazardous ma

apted from 1EC 61496-1:2004.

nced

Basic

y the

neral

chine

detection c
d

pabitity

sensing function parameter limit specified by the supplier that will cause actuation of the protective equipment

[[EC/TS 62046:2008, 3.1.4]

314

electro-sensitive protective equipment

ESPE

assembly of devices and/or components working together for protective tripping or presence-sensing
purposes and comprising at a minimum:

a sensin

g device,

© 1SO 2010 — All rights reserved
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— controlling/monitoring devices,

— output signal switching devices

[IEC 61496-1:2004, definition 3.5]

NOTE ESPEs refer only to non-contact sensing devices.
3.1.5

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

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

3.1.6
circumventing the detection zone

reachiing the hazard zone without actuation of the protective device by passing over) under or fo the side of

the dptection zone

3.1.7
term|nation of the hazardous machine function

condition achieved when the hazard parameters are reduced to a leyel which cannot cause phy:

damgge to health
NOTE See examples in Annex B.

3.1.8
dete¢tion zone
zone(within which a specified test piece is detected by-the protective equipment

NOTH 1 The detection zone may also be a point, line or plane.
NOTH 2 Adapted from IEC 61496-1:2004, .définition 3.4.
319

minimum distance
S

Sical injury or

calculated distance between.the safeguard and the hazard zone necessary to prevent a person or part of a

persan reaching the hazard-zone before the termination of the hazardous machine function

NOTEH Different minimum distances may be calculated for different conditions or approaches, but f{

these|minimum distances is used for selecting the position of the safeguard.

3.1.1p
intrusion distance
C

distapce-that a part of the body (usually a hand) can move past the safequard towards the haza

he greatest of

rd zone prior

to actuation of the safeguard

© 1SO 2010 — All rights reserved
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3.2 Symbols and abbreviated terms

3.21 Symbols

Symbol Term Unit
T overall system stopping performance s

minimum distance mm

C intrusion distance mm
2] reaction time of the protective device S
ty stopping time of the machine S
t3 opening time to open the guard S
K approach speed parameter nm/s
d sensor detection capability mm
H height of detection zone above reference plane mm
h height of the step mm
X distance between the end of the detection zone and thé.hazard zone mm
SrO minimum distance when reaching over mm
SRT minimum distance when reaching through mm
Cro intrusion distance to the hazard zone when, reaching over mm
CrT intrusion distance to the hazard zone when reaching through mm
a height of the hazard zone mm
b height of the safeguard (e.g. ESPE, protective structure) mm
s distance actually covered mm
11; Io; I3 shortest distance around obstacles mm
T distance of /4, projected on a horizontal plane
So. distance of Iy_projected on a horizontal plane mm
S3 distance,of 73, projected on a horizontal plane
e openingsize mm
v speed of the opening motion of the power-operated interlocking guard nm/s
3.2.2 Abbreviated terms

AOPD Active opto-electronic protective device
AOPDDR  Active opto-electronic protective device responsive to diffuse reflection (e.g. laser scanners)
VBPD Vision-based protective device

ESPE Electro-sensitive protective equipment

4 © 1SO 2010 — All rights reserved
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4 Methodology

Figure 1 provides a schematic representation of the methodology for determining the correct positioning of
sensing or actuating devices of safeguards in accordance with this International Standard, which is as follows.

a)

b)

)

Identify the hazards and assess the risks (as specified in ISO 12100-1 and ISO 14121-1);

If a type-C standard exists for the machine, select one of the specified types of safeguard from that
machine-specific standard, and then use the distance specified by that standard;

TOTE 1 Type-C standards specify minimum distances directly or by reference to this International Std
I

q

)

¢

there is no type-C standard, use the equations in this International Standard to calculate
istance for the safeguard selected;

NOTE 2 For selection of the appropriate type of safeguard, see ISO 12100-2:2003, Clause 5, and |IEC

h 6.5 shall be made;

[Vhere combinations of safeguards are used, a calculation of theminimum distance shall be
hto account each safeguard and possible circumventing;

;[rotective (greatest) of the minimum distances;
I

q

4

¢

4

N
t
M
[

zone without being detected. In this case, supplementary measures will be required depsd
additional risk assessnient.

Calculate the minimum distances for each possibility of.reaching the hazard zone. Then se

possible, incorporate the distance(s) in the machine design, otherwise see step i);

Check that the installation of the safeguard does not allow access without detection. If undet
5 possible, redesign [step i)], otherwise go.to step j);

Can parameters be modified or alternative safeguards be used? If neither is possibl
afeguards shall be used;

Check whether the determined*position allows persons to remain between the safeguard an

NOTE 3 An example)of a supplementary measure is a manual reset switch positioned outside the ha
he space between/the safeguard and the hazard zone. Its position is selected to allow someone
eadily check.that no one is within the hazard zone or in the space between the safeguard and the ha
he requirements of a manual reset function, see 1ISO 13849-1:2006, 5.2.2.

ndard.

the minimum

TS 62046.

If it is possible to circumvent (go around) the detection zone, an additional calculation using the equations

made, taking

ect the most

bcted access

e, additional

d the hazard
nding on an

zard zone and
pperating it to
vard zone. For
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a) Identify hazards and assess
risks (ISO 12100-1, ISO 14121-1)

b) Does a

Select appropriate
type-C yes - safegy_ard as
standard specified in
exist? type-C standard
c) Select appropriate
safeguard -
Aptive opto- - Two-hand Interlocking
lectronic Pressure-sensitive .
. control guards without
rotective mats/floors . -
. devices guard locking
devices - Clause 7
- Clause 8 - Clause 9
-|Clause 6
Consider Calculate minimum
oripntations of _ distances using
detegtion zone and o equations in this
anglgs of approach

International Standard

f) Compare minimum distances
for the various possibilities

! !

d){Consider e) If combinations of
ossible »1 safeguards are used,
cirqumventing

calculate for them 4l

!

Calculate installation
heighf and minimum
flistances

g) Can the minimum
distance be incorporated
in machine design?

Can the minimum

and select the most protective
(greatest) distance

distance be
achieved?

yes

no
no -
Y
L ) Dogs no h) Does installation yes e
minijnum distance,” allow access without i) Can
allow pgrsons toremain detection? no parameters be
betwedn thé'safeguard ) modified or alternative >—
and thethazard zone safeguards
vithettbeir be-used2
detected?
Y '
Use the minimum distance in Use this Usszfa;dc::;l?:al
combination with supplementary minimum basgd on
measures based on risk assessment distance risk assessment

Figure 1 — Methodology
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5 General equation for the calculation of the overall system stopping performance

and

5.1

minimum distances

Overall system stopping performance

The overall system stopping performance comprises at least two phases. The two phases are linked by

Equa

tion (1):

T=t1+f2

(1)

wher

t4 @n

f4 an
are d
the u

The
devic
of T

~
-

al

is the overall system stopping performance;

4 is the maximum time between the occurrence of the actuation of the safeguard-and the
achieving the OFF-state;

b is the stopping time, which is the maximum time required to terminate the hazard
function after the output signal from the safeguard achieves the OFF;state. The respons
control system of the machine shall be included in 7,.

i ¢, are illustrated in Figure 2. 1 and ¢, are functions of the-safeguard and the machine, resg
etermined by design and evaluated by measurement. The evaluation of these two values
ncertainties resulting from the measurements, calculatiens and/or construction.

T

ctuation of safeguard.
peration of safeguard (OFF ‘signal generated).
ermination of hazardous.machine function (safe condition).

Figure 2 — Relationship between ¢, and ¢,

bverall ‘System stopping performance, T, is an essential characteristic for the location of {

see Annex D). Where the stopping time can deteriorate during the lifetime of the machine

output signal

bus machine
e time of the

I 7, are influenced by various factors, e.g. temperature, switching time of valves, ageing of components.

ectively, and
shall include

ne protective

e. Any deviation of the stopping time of the machine, t,, shall be taken into account during tihe estimation

technical or

orgar

Izational measures should be taken 10 ensure the correct overall sysitem Sstopping perior

measures can be, for example:

— braking performance control devices;

— checks, the nature and the frequency of which should be defined in the user's manual.

NOTE There can be additional aspects to take into account, e.g.:

ance. These

a) integrity of the protective function (safety in case of faults) (see ISO 13849-1, ISO 13849-2 and |IEC 62061);

b) stopping performance monitoring (see, e.g. IEC/TS 62046);

©I1SO

2010 — All rights reserved
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c) cases where inadequate stopping performance prevents the application of this International Standard, e.g.
1) itis not possible to stop the machine during a cycle, or
2) the stopping performance cannot be predicted.

Measurements of stopping performance of a system require careful consideration in order to obtain accurate
and relevant values. Annex D gives guidance on the steps to take to ensure appropriate results.

5.2 Minimum distance

The minimun

S = (KX (2)
where

S is tHe minimum 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;

T is the overall system stopping performance, in seconds (s), (see 312 and 5.1);
C is the intrusion distance, in millimetres (mm).

Clauses 6 to|9 show how this equation is used with particular types and arrangements of protective deyices.
For worked gxamples, see Annex A.

6 Calculption of minimum distances for electro-sensitive protective equipment
employing active opto-electronic protective systems

6.1 General

6.1.1 This|clause specifies requirements for two main situations based on the direction of approach ¢f the
person or paft of the person's body/being:

a) orthogonal (at right angles-or'-normal) to the detection zone (see 6.2), or
b) parallel fo the detectionzone (see 6.3).
Requirements are alse provided for arrangements where:

— an anglgd-approach (between orthogonal and parallel) needs to be considered (see 6.4);

— itis necessary to address possible circumventing of the electro-sensitive protective equipment (see 6.5);

— the path from the detection zone to the hazard zone is restricted by obstacles (indirect approach)
(see 6.6).

NOTE 1 These situations also appear in combination.

Where the minimum distance is such that it would allow a person to remain undetected between the detection
zone and the hazard zone, additional presence-sensing equipment or other solutions should be provided to
prevent this.

NOTE 2  This International Standard is not intended to provide measures against reaching a hazard zone by climbing
over.

8 © 1SO 2010 — All rights reserved
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6.1.2 Safeguards shall be configured and positioned such that undetected access to the hazard zone is not
possible.

6.1.3 Where necessary, additional safeguards shall be provided to prevent circumventing the detection
zone of the safeguard (see Figure 9).

6.1.4 For the use of laser scanners (AOPDDR) or vision-based protective devices (VBPD) with a two-

dimensional protection zone, the calculation of the minimum distance shall be in line with 6.2, 6.3 or 6.4,
depending on the approach direction.

6.2 Detection zone orthogonal to the direction of approach

6.2.1| General

Figure 3 gives three examples where the detection zone is orthogonal to the direction of-approach.

—

7,

A
@y

A

o
v,

777
’g)% '
A X

/ INAKX

[/ [
[ ~7

\/_A

[(—=

a)
Key
1 hazard zone S minimum distance
detection zone @ Direction of approach.

3 fixed guard

Figure 3 — Three examples where the detection zone is orthogonal to the direction of approach
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6.2.2 Vertical detection zones detecting whole body access

When the safeguard is used only for the detection of whole body access:

a) the height of the lowest beam shall be < 300 mm to prevent access under the detection zone. Where it is
foreseeable that electro-sensitive protective equipment will be used in non-industrial applications, for
example in the presence of children, the height of the lowest beam shall be < 200 mm;

b) the height of the uppermost beam shall be > 900 mm to prevent stepping over the detection zone. This is
not applicable for single beams or for detection zones parallel to the direction of approach (see 6.3).

6.2.3 Eleci'

with a sens

6.2.3.1 Calculation

The minimun
calculated ug

r detection capability of < 40 mm in diameter

N distance, S, in millimetres, from the detection zone to the hazard zone shall hot'be less tha
ing Equation (2):

0-sensitive protective equipment employing active opto-electronic protective deviceg

h that

()

®)

shall

case,

)

S=(KA{T)+C
where
K =2P00 mm/s;
C =8|d- 14), but not less than 0;
d s tHe sensor detection capability of the device, in millimetres (mm).
Then
S =(20p0OXT)+8(d —14)
Equation (3) japplies to all minimum distances of S up to and including 500 mm. The minimum value of
be 100 mm.
Where the values for S, calculated using Equation (3), exceed 500 mm, Equation (4) can be used. In this
the minimum( value of S shall be.500 mm.
S=(KAT)+C
where
K =1600"mm/s;
C =8 (d—14), but not less than 0;

d is the sensor detection capability of the device, in millimetres (mm).

Then

S =(1600xT)+8(d —14)

(4)

Where it is foreseeable that electro-sensitive protective equipment employing active opto-electronic protective
devices will be used in non-industrial applications, for example in the presence of children, the minimum
distance, S, shall be calculated with Equation (3) and be increased by at least 75 mm. In such cases,

Equation (4)

10

is not applicable.

© 1SO 2010 — All rights reserved
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6.2.3.2 Cycle re-initiation of machine operation employing active opto-electronic protective devices
with control function

Where active opto-electronic protective devices are used for cycle re-initiation of a machine

— their sensor detection capability shall be < 30 mm,

— Equation (3) (see 6.2.3.1) shall apply, and

— the minimum distance, S, shall be > 150 mm.

If the|sensor detection capability is < 14 mm,
— Equation (3) shall apply, and
— the minimum distance, S, shall be > 100 mm.

NOTH 1 Conditions for using electro-sensitive protective equipment in cycle initiation of machine operatipn are given in
1ISO 1R100-2:2003, 5.2.5.3, and IEC/TS 62046:2008, 5.6.

NOTH 2  Additional requirements for electro-sensitive protective equipment,are_given in IEC 61496-1.

NOTH 3 It is possible for electro-sensitive protective equipment with a sensor detection capability > 30 nim diameter to
not d¢tect the wrist or the lower arm after the hand has been detected.;An*unexpected cycle re-initiation can|occur.

6.2.4| Electro-sensitive protective equipment with a sensor detection capability of > 40 mm and
< 70{mm diameter

Electro-sensitive protective equipment with a sensor detection capability of > 40 mm and < 70 mm diameter
do not detect intrusion of the hands and, therefere, shall only be used where the risk assessment indicates
that detection of intrusion of the hands is not necessary.

This equipment shall be installed in accordance with the following parameters.
The minimum distance from the detection zone to the hazard zone shall be calculated using Equdtion (5).

5 = (KxT)+C )

wher

w

K =1600.mnm/s;

[ =3860mm.
Then

S =(1600xT)+850 ()
NOTE 850 mm is considered to be the standard arm reach.

6.2.5 Multiple separate beams

Arrangements of 2, 3 or 4 separate beams can be used to detect intrusion of the whole body into the hazard
zone but are not suitable for detecting parts of the body (e.g. hand or fingers).

If the risk assessment indicates that multiple separate beams are appropriate, they shall be positioned at a
minimum distance from the hazard zone in accordance with Equation (5) (see 6.2.3).

© 1SO 2010 — All rights reserved 11
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During risk assessment, methods which can possibly be used to bypass such equipment shall be taken into
account. The risk assessment shall consider methods by which beam arrangements can be circumvented. For

example:

— crawling

below the lowest beam;

— reaching over the top beam;

— reaching through between two of the beams;

— bodily access by passing between two beams.

For additiond

| information, see Annex E.

6.2.6 Single beams

These beam
by a person'
preventing w|

NOTE A
the opening(s

The minimun

hole body access.

S =(1600xT)+1200

A height of 7
practical sol|

tion zone parallel to the directionof approach

N distance, S, shall be calculated according to Equation (6)

5 have only been considered when they are used parallel to the ground and‘the beam is bfoken
5 body in the upright position. A single beam as the only means of protection is not suitabjle for

single beam device is normally used in combination with other safeguards(or'other structures, which restrict
such that it is not possible to pass the protective device without being detected.

(6)

50 mm from the ground or reference plane (see:lSO 13857) has been found in industry to| be a
tion to the problems of inadvertent access from stepping over or bending under the beam.

6.3 Detec
See Figure 4{
12
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Key

1 hpzard zone H height of detection zone abovée reference plane

2  dptection zone S minimum distance

3 efige of the detection zone X distance between the end of the detection zone and the hazard zone
4  fixed guard @  Direction of approach.

Figure 4 — Detection zone parallel to direction of approach
When the direction of approach is parallel to thé)detection zone, the minimum distance, S, shall be calculated
using Equation (7).
S =(KxT)+C (2)
wherg
K =1600 mm/s;

[ =1200 mm.—0)4 H, but not less than 850 mm, where H is the height of the detection] zone above
the reference/plane, for example the floor, in millimetres (mm).

Then

5 =(1600x 7))+ (1200 0,4 H) 7)

For a safeguard where the direction of approach is parallel to the detection zone, the height, H, of the
detection zone shall not be greater than 1 000 mm. However, if H is greater than 300 mm (200 mm for non-
industrial applications, for example in the presence of children) there is a risk of inadvertent undetected
access beneath the detection zone. This shall be taken into account in the risk assessment and additional
protective measures applied, if necessary.
The lowest allowable height of the detection zone shall be calculated using Equation (8).

H =15(d —50) (8)

If d is less than 50 mm, H shall never be less than 0.

© 1SO 2010 — All rights reserved 13
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Thus, for a given height of the detection zone, the corresponding sensor detection capability, d, shall be
calculated using Equation (9).

H
d= (E] +50 9)

That means, where the height of the detection zone is known or fixed, a maximum sensor detection capability
can be calculated.

For example, when calculating the horizontal section of L-shaped electro-sensitive protective equipment or if a
sensor detection capability is known or fixed, a minimum height can be calculated, up to the allowable
maximum of[1 000 mm.

When using the device as both a trip and presence-sensing device, the distance X (see Figure 4)shall rjot be
less than the|detection capability, d.

Measures shall be applied so that the protective devices cannot be used to gain access {o the hazard|zone
(e.g. by stepping or climbing on the housing).

6.4 Detection zone angled to the direction of approach

If the detectipn zone has been installed such that it is angled greater than £ 30° of the direction of approdch, it
shall be treated as an orthogonal approach [see 6.2 and Figures 5 a) and\6].

If the detectipn zone has been installed such that it is angled less_than + 30° of the direction of approgch, it
shall be treated as a parallel approach [see 6.3 and Figures 5 b).and 6].

A tolerance qf £ 5° should be used for these angles.

A

AV

ZAVAVANR

0e”

AV

A\ LD

\/
&

N7

/[ £

a) Orthogonal approach b) Parallel approach
Key
1 hazard zone S minimum distance
2 detection zone a8  Direction of approach.
3 fixed guard
4  edge of detection zone

Figure 5 — Detection zone angled to the direction of approach
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1 Iqcations of ESPE at different angles to the direction of approach
a8  Direction of approach.

b Angles of parallel approach; less than + 30°.

¢ Angles of orthogonal approach.

Figure 6 — Different angles to the direction of approach

When an angled approach is considered as parallel approach(see Figure 6), then Equation (8) lir
(see B.3) shall apply to the edge of the detection zone furthest from the hazard zone (see Figure ]

king H and 4
7).

NOTEH In some applications the detection zone could €xtend more than 1 000 mm above the referefpce plane. For

calculations using Equation (7), parts of the detection zéne greater than 1 000 mm above the reference
consiglered.

plane are not

Key

1 hazard zone H height of the detection zone (lowest beam)
2 detection zone S minimum distance

3 edge of detection zone @  Direction of approach.

4 fixed guard

Figure 7 — Height of the detection zone (lowest beam)
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6.5 Addressing possible circumventing of electro-sensitive protective equipment by
reaching over the detection zone

6.5.1

General

Access to the hazard zone by circumventing of the electro-sensitive protective equipment shall be avoided.

NOTE

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

If access to the hazard zone by reaching over the detection zone of vertically mounted electro-sensitive
protective equipment cannot be excluded, the height and the minimum distance, S, of the safeguard shall be

determined.
approach of
The greater

6.5.2 Prev

S shall be determined by comparison of the calculated values Iin 6.2 and 6.3 based-o
imbs or parts of the body and the values for reaching over determined in 6.5.2, 6.5.3 and
alue resulting from this comparison shall be applied.

without an gdditional protective structure

The minimun distance, S, in millimetres from the detection zone to the hazard.zone for preventi

circumventin
For Cro, the
based on thg
the actuation
zone of the H
Figure 8 illus

Where the hg
the minimum|

Then

§=(20(

j by reaching over the ESPE shall not be less than that calculated using Equation (10).
values in Table 1 shall apply. Crq is given in this table as the-additional distance in millim

of the electro-sensitive protective equipment. Table 1 only:deals with reaching over the det
SPE.

frates reaching over a vertical detection zone withoutan additional protective structure.

bight of an ESPE is already fixed, Table 1 can\be used to derive the minimum distance, S. V)
distance is already fixed, Table 1 can also-be used to derive the required height of the ESP

M)+Cro

000 mm/s

0xT)+CRro

This equatio

applies.to/all minimum distances of S up to and including 500 mm. The minimum value of §

not be less fthan 400 mm. First calculate S using Equation (11). Where values of S exceed 500 mm
Equation (12) can.be applied. The value of S shall not be less than 500 mm.

h the
5.5.4.

ntion of reaching over a vertical detection zone of electro-sensitive protective equipment

bn  of

btres,

distance which a part of the body (usually a hand) can meve{owards the hazard zone piior to

ction

shall
then

S=(KxT)+Cgro

where
K =1
Then

§=(160

16

600 mm/s;

OXT)+CRO

(10)

(12)
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‘[RU;
> KxT
<l 5 -
Key
1 electro-sensitive protective equipment
2 hazard zone
3 reference plane
a height of the hazard zone
b height of the upper edge of the detection zone of electro-sensitive protective’ equipment

Cro |additional distance which a part of the body can be moving towards the hazard zone prior to the aftuation of the
safeguard (see values in Table 1)

S minimum distance for reaching over

Rigure 8 — Reaching over the vertical detection zone of electro-sensitive protective equipment
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Table 1 — Reaching over the vertical detection zone of electro-sensitive protective equipment

Dimensions in millimetres

Height of upper edge of the detection zone of the electro-sensitive protective equipment
Height of hazard b
zone 900 | 1000 | 1100 | 1200 ( 1300 | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600
a Additional distance to hazard zone
Cro
26002 0 0 0 0 0 0 0 0 0 0 0 0
2500 400 400 350 300 300 300 300 300 250 150 100 0
2 400 550 550 550 500 450 450 400 400 300 250 100 0
2200 800 750 750 700 650 650 600 550 400 250 0 0
2000 950 950 850 850 800 750 700 550 400 0 0 0
1800 1100 | 1100 [ 950 950 850 800 750 550 0 0 0 0
1600 1150 [ 1150 | 1100 | 1000 | 900 850 750 450 0 0 0 0
1400 1200 | 1200 | 1100 | 1000 | 900 850 650 0 0 0 0 0
1200 1200 | 1200 [ 1100 | 1000 | 850 800 0 0 0 0 0 0
1000 1200 | 1150 [ 1050 [ 950 750 700 0 0 0 0 0 0
800 1150 | 1050 [ 950 800 500 450 0 0 0 0 0 0
600 1050 | 950 750 550 0 0 0 0 0 0 0 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
When a value ¢f zero is given, the calculation of the minimum distance, S, should be made in accordance with 6.2 to 6.4.
NOTE 1 Elegtro-sensitive protective equipment-with a height of the
— upppr edge of the detection zone below 900 mm is not included since they do not offer sufficient protection apainst
circpmventing or stepping over
— lowgr edge of the detection zorie above 300 mm in relation to the reference plane does not offer sufficient protection apainst
crawling below.
NOTE 2 Theldata for this table were researched at a study of the German BG, see [22].
NOTE 3 Modt values given in Table 1 are lower in relation to the values of ISO 13857:2008, Tables 1 and 2, since parts of thq body
cannot support{themselVes*on safeguards in case of reaching over.
@  Approach Jothe*hazard zone by reaching over is impossible.

When determining the values of Table 1 it shall not be interpolated. If the known values a, b or Crq are
between two values of Table 1, the greater minimum distance shall be used.

For examples, see Annex A.

6.5.3 Prevention of reaching over a vertical detection zone of electro-sensitive protective equipment
combined with a protective structure, such as a fixed guard

If the hazard zone can be approached by reaching over the protective structure (see Figure 9), the minimum
distance, S, shall not be less than the horizontal safety distance to hazard zone, ¢, determined from
ISO 13857:2008, 4.2.2, Table 1 (low risk) or Table 2 (high risk).

18
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A
Y

Key
electro-sensitive protective equipment

hpzard zone

r¢ference plane

pfotective structure (e.g. fixed guard)

hgight of the hazard zone

hgight of the upper edge of the protective structure

njinimum distance for reaching over [S is equal to value ¢ from ISO 1385712008, 4.2.2, Table 1 (low r|sk) or Table 2
(high risk)]

Ly & Q8 Hh WO N -~

Figure 9 — Example of reaching over the vertical detection zone of
electro-sensitive protective equipment combined with protective structure

6.5.4| Reaching over an angled detection zone

When an approach is considered as orthogonal [see Figures 5a) and 6], and the hazard rone can be
apprgached by reaching over the electro-sensitive protective equipment, the minimum distance, 3, shall be the
greater of:

a) e distance calculated using the appropriate equation from 6.2.3.1 or 6.2.4; or

b) e distance calculated using the appropriate equation from 6.2.3.1 or 6.2.4, substituting C with the
dditional distance for peaching over, Crq, given in Table 1.

The minimum distanceshall apply from the beam nearest to the hazard.
6.6 |Indirect approach — Path from detection zone to hazard zone restricted by obstacles

6.6.1| Geheral

In an applihafinn ||eing an ESPE where two or more hazard zones are present, the minimum distdnce for each

hazard zone shall be calculated.

When the access to a hazard zone by the upper limbs is hindered by obstacles that are permanently fixed, the
minimum distance can be the shortest path around these obstacles (see Figure 10 for indirect approach). In
this case, the approach speed differs from the speed of the direct approach and, therefore, it may be reduced
to 1 600 mm/s.

For S, the greater value resulting from the comparison of all the minimum distances shall be applied.

Obstacles can result from the functional design of the machine, but shall not be applied with the sole purpose
to reduce the approach speed of the upper limbs.
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prevent direct passage to the hazard.

2 3

==

Obstacles are parts of the machine, such as housings, covers, impeding device, ancillary equipment that

g\
7
Key
1 direct appfoach
2 indirect agproach
3 hazard zope 1
4 hazard zohe 2

Figure 10 — Example of indirect approach

6.6.2 Calcdilation of minimum distances for indirect approaches

For the indirgct approach, the distance actually covered from theelectro-sensitive protective equipment

hazard zone
St =
where

S:k

In this calcul

(K

is th

is calculated using Equation (13).

XT)+C=Z1+12 +l3

e distance actually covered.

ption, the parameter for the approach speed, K, with the value 1 600 mm/s shall be applied

and /3 shall be measured along the-shortest path around, under or over the obstacle(s) from any point

detection zo

horizontally ¢

An example

20

he (see 6.2 to 6.5)_For the indirect approach, the minimum distance, S, is regarded a
rojected distance’of\the distance actually covered, $* (See Figure 11).

or the calculation of the minimum distance, S, is shown in C.1.

o the

(13)

Iy, Iy
pf the
5 the
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1
3
2
4
“
7
6 5
\ I [2
7
I Y
> ;“ 5
olle 3
- S -
Key
1 electro-sensitive protective equipment S minimum distance, in a horizontal plane, from the
2 obstacle hazard zone to the outermost edge of the detectiop zone
3 hazard zone 2 S =8+85,+8;
4 hazard zone 1 S, distance of /,, ptojected on a horizontal plane
5 protective structure S, distance qf./5, projected on a horizontal plane
6 reference plane S, distanceof /5, projected on a horizontal plane
I, 15, f3  shortest distance around obstacles S =1 R+,
in direction to the hazard zone
Figure 11 — lllustration of calculating of the distance actually covered

The minimum distance for locating the detection zone when an indirect approach is possible can pe calculated
by the method described above.

NOTEH It can be acceptable to.use a lower approach speed for certain infrequent operations wherg only indirect
access is possible. As an example, research has shown that for two obstacles with a distance of 1 m|or less and a
minimum height of 500 mm, a reduction factor of 0,8 can be applicable (see Reference [22]).

7 Method of calculating the positioning of pressure-sensitive mats or floors

7.1 | General

The selection and use of pressure-sensitive mats/floors is dependent on the appropriate type-C $tandard or a
risk assessment in accordance with ISO T4TZ2T-T, 1f no type-C standard exisis.

The minimum width of pressure-sensitive mats/floors shall be at least 750 mm to prevent the possibility of
easy stepping over without actuation of the device.

NOTE It has been shown that the 95th percentile of two steps (i.e. starting and finishing with the same foot)
measured from heel contact at walking speed is approximately 1 900 mm. By dividing by two and subtracting the 5th
percentile shoe length, a stride length of 700 mm is obtained. If it is assumed that an allowance has to be made, for
example, between the detection zone and the stride length of for example 50 mm, this gives a minimum width of 750 mm
for the detection zone.

The minimum distances derived in this clause for pressure-sensitive mats/floors assume the approach speed
to the hazard zone will be at walking speed (1 600 mm/s).
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The minimum distance, S, in millimetres, from the hazard zone to the outermost edge of the detection zone of
the protective device, shall be calculated using Equation (14):

$=(1600xT)+1200 (14)

7.2 Step mounting

If the protective device is mounted on a step or raised platform, then the minimum distance may be reduced
by 0,4 i, where £ is the height of the step in millimetres (mm). The minimum distance, S, from the detection
zone to the hazard zone may be calculated using Equation (15):

S =(1600xT)+(1200-0,4 1) (15)

8 Two-hand control devices

The minimum distance, S, from the nearest actuator to the hazard zone shall be calculated psing
Equation (16).

S=(KAqT)+C (2)
where
K =1600 mm/s;
C =2%0 mm.
Then
5 =(16Q0xT)+250 (16)

If the risk of pncroachment of the hands or part.of the hands towards the hazard zone is eliminated while the
actuator is being operated, for example by ‘adequate shrouding, then C may be zero, with a minjmum
allowable distance for S of 100 mm.

NOTE IS0 13851 gives advice on~shrouding to prevent defeating the intended operation of a control. The megsures
described are|not adequate in all applications to prevent encroachment of the hands or parts of the hands towargls the
hazard zone.

9 Interlocking guards without guard locking

In order to ensure that the hazard zone cannot be reached when opening an interlocking guard without guard
locking befon% the hazardous machine motion has stopped, the minimum distance, S, shall be determined.

The minimum distance from the nearest edge of the opening of the interlocking guard without guard locking to
the hazard zone shall be calculated by using Equation (2).

S=(KxT)+C (2)
where

K =1600 mm/s;

C is a safety distance taken from Table 4 or Table 5 of ISO 13857:2008, if it is possible to push fingers
or a hand through the opening towards the hazard before a stop signal is generated.
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In some cases, T'may be reduced by the opening time, 3, which is required to open the guard

to the extent

that the opening size permits access of the relevant parts of the body. The opening sizes, ¢, given in Tables 4
and 5 of ISO 13857:2008 shall be considered. The calculation shall start with the smallest part of the body by

which the hazard zone can be reached.

If the opening time, t;, depends on the interlocking guard, it shall be used and it shall be determined by

calculation or test.

For power-operated interlocking guards including interlocking roller doors, #; can be calculated
Equation (17):

_ €
3=—
v

wher

Y%

4 is the opening size, in millimetres (mm);

v is the speed of the opening motion of the power-operated interlocking guard, in m
second (mm/s).

NOTE A minimum distance which is too large can be reduced by applying an interlocking guard with
(see ISO 14119).
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Annex A
(informative)

Worked examples

A.1 General

This annex dives examples to show how this International Standard can be used.

It is assumefl in these examples that either the appropriate type-C standard or the risk assessment for the
relevant madhine allows the use of the safeguard chosen for these examples.

The calculatipn of the minimum distance, S, consists of three steps.

a) First step: minimum distance for reaching through the detection zone, Sgt;
b) Second ptep: minimum distance for reaching over the detection zone, Sgg;

c) Third stgp: comparison of Sgt and Sgq to determine S.

NOTE In|certain applications, it could be necessary to address othef’possible circumventing than reaching over the
safeguard.
A.2 Example 1

A machine hps a stopping time of 60 ms (z,). It is.fitted with electro-sensitive protective equipment employing
a vertical agtive opto-electronic protective device, having a sensor detection capability of 14 mm gnd a
response tinje of 30 ms (7). In this example,.it is assumed that it is not possible to reach over the HSPE.
Therefore, the second and third steps are-not necessary.
Using Equatipn (3):

S=(20P0xT)+8(d—-14)

where

S is tHe minimum distance from the hazard zone to the detection zone, in millimetres (mm);

T s theloyerall system stopping performance of (60 + 30) ms = 90 ms = 0,09 s;

d =14 mm.
Then

S =(2000x0,09)+8(14-14)
S =180 mm
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Example 2

The same machine as in Example 1 is used, but with a sensor detection capability of 30 mm.

Using Equation (3):

S =(2000xT)+8(d—14)

where

Then

A4

Calcylate the minimum distance, S, for the detection zone ‘of-vertically mounted electro-sensiti
equigment and determine the height, b, of the upper edge of the detection zone.

A mgchine has a stopping time of 250 ms (#,), including the control system response time. It
electfo-sensitive protective equipment employing avertical active opto-electronic protective de
having a sensor detection capability of 30 mm (d) and a response time of 30 ms (¢1). The height
zone|above the reference plane is 800 mm (a)~The active opto-electronic protective equipment i
the height of 200 mm.

a)

d =30mm.

T is the overall system stopping performance of (60 + 30) ms = 90 ms = 0,09 s;

5 = (2 000%0,09)+8(30—14)

S =180+128
S =308 mm
Example 3

fFirst step:

Using Equation (3):
SrT =(KXT)+Crr =(2000xT)+8(d-14)
vhere

Sgt is the minimum distance from the hazard zone to the detection zone, in millin
according t0 6.2.3.1;

ve protective

is fitted with
ice (AOPD),
pf the hazard
5 active from

Calculate the minimum distance for reaching through the electro-sensitive protective equipment, Sgt.

hetres (mm),

T is the overall system stopping performance of (250 + 30) ms = 280 ms = 0,28 s;
d =30mm.

Then

Skr=(2000x0,28) + 8 (30 — 14)
SRT =688 mm
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since Skt > 500 mm, Equation (4) can be applied:
Srt =(1600xT)+8(d—-14)
Then

Skt =(1600x0,28)+8(30-14)
SRT =576 mm

b) Second step:

1) Determination of:
— |the additional distance to hazard zone, Cg;
— | the minimum height of the electro-sensitive protective equipment for detection-of reaching qver 5.

Usi

mg Equation (2):

S=(KxT)+C

set fro = SgT, Which implies

Cro = Crr = 128 mm

In Tiable A.1, row “a = 800 mm” (see @), the next smaller (safer) value of Crg = 0 mm (see @).

2) Determine the height of the upper edge of.the detection zone of the electro-sensitive protgctive
equjpment, b, by using Table A.1.

The corresponding value is 5 = 1 600 mm (see ®).
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Table A.1 — Reaching over the vertical detection zone of electro-sensitive protective equipment

Dimensions in millimetres

Height of upper edge of the detection zone of the electro-sensitive protective equipment
Height of b
hazard
zone 900 | 1000 | 1100 | 1200 | 1300 | 1400 1800 | 2000 | 2200 | 2400 | 2600
a Additional distance|to hazard zone
Cro
2 60¢° 0 0 0 0 0 0 0 0 0 0 0
2 50+ 400 400 350 300 300 300 300 300 250 150 100 0
2 40+ 550 550 550 500 450 450 400 400 300 250 100 0
2 20+ 800 750 750 700 650 650 600 550 400 250 D 0
2 00+ 950 950 850 850 800 750 700 550 400 0 D 0
1 80+ 1100 | 1100 | 950 950 850 800 750 550 0 0 D 0
1 60+ 1150 | 1150 | 1100 | 1 000 | 900 850 750 450 0 0 D 0
1 40+ 1200 | 1200 | 1100 | 1000 | 900 850 650 0 0 0 D 0
1 20+ 1200 | 1200 [ 1100 [ 1000 | 850 800 0 0 0 0 D 0
1009 1200 | 1150 | 1050 | 950 750 700 0 0 0 0 D 0
8009 1150 | 1050 | 950 | 800 | 500 | 450/ 0@ D| 0 0 0 D 0
600 1050 | 950 750 550 0 0 0 0 0 0 D 0
400 900 700 0 0 0 0 0 0 0 0 D 0
200 600 0 0 0 0 0 0 0 0 0 D 0
0 0 0 0 0 0 0 0 0 0 0 D 0
NOTH For additional information, see notes of Table 1.
@  Approach to the hazard zone by reaching over is impossible.
c) Third step:
Sincg Crg = 0, therefore Sgg is smaller than Sgt, use Syt
S =SRrT.=29576 mm

A.5 Exampie4

Calculate the minimum distance, S, for the detection zone of vertically mounted electro-sensitive protective
equipment with a height, b, of the upper edge of the detection zone of 1 300 mm.

A machine has a stopping time of 250 ms (#,), including the control system response time. It is fitted with
electro-sensitive protective equipment employing a vertical active opto-electronic protective device (AOPD),
having a sensor detection capability of 30 mm (d) and a response time of 30 ms (¢1). The height of the hazard
zone above the reference plane is 650 mm (a); The active opto-electronic protective equipment is active from
a height of 200 mm and the height of the upper edge of its detection zone (5) is 1 340 mm.
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a) First step:

Determination of the minimum distance, Sgt, of the electro-sensitive protective equipment for reaching
through:

Using Equation (3):
SrT=(KXT)+Cr7=(2000 % T)+8(d—14)

where

Sgtlis the minimum distance from the hazard zone to the detection zone, in millimetres. {mm),
according t0 6.2.3.1;

T |is the overall system stopping performance of (250 + 30) ms = 280 ms = 0,28 s;

d |=30mm.

St =(2 000 % 0,28 )+8(30~14)
SR-l =688 mm

Skt > 500 mm, therefore using Equation (4):
S={1600xT)+8(d—14)
Then

Skt =(1600x0,28)+8(30-14)
SR-l =576 mm

b) Second step:
When dgtermining the values of Table A.2, it shall not be interpolated. If a = 650 mm, the nearest ($afer)
value i Table A.2 is a =800-mm. If »=1340 mm, then the nearest (safer) value in Table A.2 is
b=130p mm.

Determine the minimam-distance for reaching over the electro-sensitive protective equipment, Sgq.

1) Using Table-A:2, with « = 800 mm (see @) and 5 = 1 300 mm (see @):

Find Cgo =500 mm (see @) as the minimum additional distance for reaching over.
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Table A.2 — Reaching over the vertical detection zone of electro-sensitive protective equipment

Dimensions in millimetres

Height of upper edge of the detection zone of the electro-sensitive protective equipment
Height of b
hazard
zone 900 | 1000 | 1100 | 1200 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600
a Additionalldistance to hazard zone
Cro
2 60(’a 0 0 0 0 0 0 0 0 0 0 0
2 50+ 400 400 350 300 300 300 300 300 250 150 100 0
2 40+ 550 550 550 500 450 450 400 400 300 250 100 0
2 20+ 800 750 750 700 650 650 600 550 400 250 D 0
2 00+ 950 950 850 850 800 750 700 550 400 0 D 0
1 80+ 1100 | 1100 | 950 950 850 800 750 550 0 0 D 0
1 60+ 1150 | 1150 | 1100 | 1 000 900 850 750 450 0 0 D 0
1 40+ 1200 | 1200 | 1100 | 1000 900 850 650 0 0 0 D 0
1 20+ 1200 | 1200 | 1100 | 1000 850 800 0 0 0 0 D 0
1 006 1200 | 1150 | 1050 | 950 750 il 700 0 0 0 0 D 0
[
8OOG> 1150 | 1050 | 950 800 b 50003 450 0 0 0 0 D 0
600 1050 | 950 750 550 0 0 0 0 0 0 D 0
400 900 700 0 0 0 0 0 0 0 0 D 0
200 600 0 0 0 0 0 0 0 0 0 D 0
0 0 0 0 0 0 0 0 0 0 0 D 0
NOTH For additional information, see notes of Table 1.
@  Approach to the hazard zone by reaching over is impossible.
2) Using Equation\(10):
S= SRO = (KXT)+CRO
Where
Sro =(2000x0,28)+500
Sro > 500 mm, therefore using Equation (12):
S=(1 600><T)+CRO
Then
Sro =(1600x0,28 )+500
Sro = 448 +500=948 mm
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c) Third step:

Determination of the minimum distance, S, by comparing Sgr and Sgq:

SRT <SroO

Conseq

uently, the minimum distance to the hazard zone is § = Sgg = 948 mm.

A.6 Example 5

Calculate thg minimum distance, S, for the detection zone of vertically mounted electro-sensitive prot(lactive

equipment,

A machine has a stopping time of 250 ms (#,), including the control system response timenlt'is fitteg
electro-sensiftive protective equipment employing a vertical active opto-electronic protective’device (AC
having a sensor detection capability of 30 mm (d) and a response time of 30 ms (¢1). The height of the h

zone above

the height of|200 mm and its height of the upper edge of the guard is 1 600 mm ().

a) First step:

Determi

through

Using E
S

where

Sr1=(2000x0,28 )+8(30-14)

Skt > 50

hich is combined with a fixed guard.

he reference plane is 800 mm (a); The active opto-electronic protective equipment is active

pation of the minimum distance, Sgt, of the electro-sensitive protective equipment for rea

uation (3):

(2000xT)+8(d —14)

according to 6.2.3.1 (reaching through);
is the overall system stopping performance of (250 + 30) ms = 280 ms = 0,28 s;

=30 mm.

= 688mm

0“mm, therefore using Equation (4):

with
PD),
hzard
from

ching

= Sgrt is the minimum distance from\the hazard zone to the detection zone, in millimetres (mm),

S=(1600xT)+8(d-14)

Then

Skt =(1600x0,28 )+8(30-14)
SRT =576 mm

b) Second step:

Determine the minimum distance for reaching over the electro-sensitive protective equipment, Sgq.

30
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Using I1ISO 13857:2008, Table 2, with a = 800 mm and 5 = 1 600 mm.

Find:

Sro = ¢ = 600 mm as the minimum distance to the hazard zone for reaching over.

c) Third step:

Determination of the minimum distance, S, by comparing Sgt and Sgp:

Seo > Ser

q

A7

A.7.1

Inady
haza

The
bean

The s

From|

a) |

\

The minimum distance is given by Equation (5):

onsequently, the minimum distance to the hazard zone is S = Sy = 600 mm.

Examples comparing different protective devices

Example 6

ertent access to the hazard zone of a machine is detected by, anopto-electronic protect
d zone height of 600 mm is assumed.

ESPE according to Annex E is selected.

Table E.1, the beams should be set at 300 mm;’700 mm and 1 100 mm from the floor.

First step:

Sgt = (1600 T)+850

vhere
T=335ms =0;335s.
"hen

Srr& {1 600x0,335)+ 850
SRT =536 +850
SRT =1386 mm

ve device. A

isk assessment indicates that multiple separate beams would be appropriate and, therefore, a three-

topping time of the machine system is 300 ms (#,) and the response time of the safeguard ig 35 ms ().

b) Second step:

Since the height of the uppermost beam is 1 100 mm, reaching over is considered.

From Table A.1, it is seen that 750 mm is used as the value of Crq in the equation.

Then

©I1SO

Sro = (1600x0,335)+ 750
SRO =536 +750
Sro =1286 mm
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c)

Third step:

SrRo <SRrT

Therefore

S =Skt = 1386 mm is selected as the minimum distance.

A.7.2 Example 7

The same m

achina ac in Evamnla 8 ic nioad Kbt
o —aoS—HTEXarHpe-o—1o— oot

floor-

mounted opt
a) Firstste

The min

b) Second

Compar
selected

A.7.3 Exan
The same m
Using Equati

S =(16(
Then

$=(160

§=536+1

S§=786

={(1 600x0,335)+1200
=|536 +1200
=|1736 mm

oo

D-electronic protective device instead of a three-beam device.

uoina o flaar manintnd nraccoiirn cancitiva mat Ay o
oGO O OurteG—presSSure—Senstve—Hat—or—=

D:
mum distance is given by Equation (14):

1600xT)+1200

And third steps:

bd with the value for overreaching from Table A.1, as determined in Example 6, 1 736 n
as the minimum distance.

nple 8
pchine is used as in Example6, but fitted with a two-hand control device.
pn (15):

0xT)+250

0x0,335)-+250
250

m is

nm

If adequate shrouding is used, S can be reduced to 536 mm (see Clause 8).
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