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This

the

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -
Part 4: Laser guards

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization,_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as neafly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\us€ and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Publications is accurate, IEC cannot be held responsible forsthe“way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence be
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access t0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pdyblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the cortect application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.
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IEC 60825-4 has been prepared by IEC technical committee 76: Optical radiation safety and
laser equipment. It is an International Standard.

This third edition cancels and replaces the second edition published in 2006,
Amendment 1:2008 and Amendment 2:2011. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Significant amendments have been included and this edition has been prepared for user
convenience.

The Ilext of this International Standard is based on the following documents:

Draft Report on voting

76/704/FDIS 76/711/RVD

Full information on the voting for its approval can be found in the report,on voting indicated in
the apove table.

The llanguage used for the development of this International Standard is English.

This [document was drafted in accordance with ISO/IEC, Directives, Part 2, and developged in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at wyvw.iec.ch/members_experts/refdocs. The maif/document types developed by IEQ are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

The ¢ommittee has decided that the contents™of this document will remain unchanged unfil the
stability date indicated on the IEC website under webstore.iec.ch in the data related tp the
speclfic document. At this date, the document will be

—

¢confirmed,
e withdrawn,

—

gplaced by a revised edition, or

e amended.

IMPORTANT ="The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

At low levels of irradiance or radiant exposure, the selection of material and thickness for
shielding against laser radiation is determined primarily by a need to provide sufficient optical
attenuation. However, at higher levels, an additional consideration is the ability of the laser
radiation to remove guard material — typically by melting, oxidation or ablation; processes that

could

lead to laser radiation penetrating a normally opaque material.

IEC 60825-1 deals with basic issues concerning laser guards, including human access,
interlocking and labelling, and gives general guidance on the design of protective housings and

enclasures for high-pnwpr lasers

Lasef

is no

guards may also comply with standards for laser protective eyewear, but such compl
necessarily sufficient to satisfy the requirements of this document.

ance

Where the term "irradiance" is used, the expression "irradiance or radiant exposur¢, as

appropriate" is implied.
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SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

1 Scope

2022

This part of IEC 60825 specifies the requirements for laser guards, permanent and temporary
(for gxample for service), that enclose the process zone of a laser processing machine

spec

This

fications for proprietary laser guards.

document applies to all component parts of a guard including clear (visibly transmi

scregns and viewing windows, panels, laser curtains and walls.

In ad
a) h
b) h

NOTE
laser

This
radia

dition, this document indicates

bw to assess and specify the protective properties of a laser guard, and
bw to select a laser guard.

Requirements for beam path components, beam stops and those other parts of a protective housin
roduct which do not enclose the process zone are contained in IEC'60825-1.

tion that may arise during material processing_afe not addressed.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their co

cons
For

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including

amendments) applies.

IEC §0825-1:20072014, Safety of laser products — Part 1: Equipment classification

requ

rements

IEC 61508 (all parts);’Functional safety of electrical/electronic/programmable electronic s§
relatéd systems

ISO
requ

1553=1:2005, Safety of machinery — Laser processing machines — Laser §
rements

and

tting)

g of a

document deals with protection against laser.fadiation only. Hazards from secondary

ntent
Dlies.
any

and

fety-

afety

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

ISO 13849-1:2006, Safety of machinery — Safety-related parts of control
General principles for design

1sC 21-1:2007. Sak . " Disk Dot 1: Prinei

systems — Part 1:
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60825-1 and the
following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1
access panel
pane] which when removed or displaced gives human access to laser radiation

Note 1to entry: Sheathing around a fibre, tubing used as an enclosure component or any devi€eé serving the function
of a rgmovable or displaceable panel, can also be an "access panel" within the terms of this\definition.

3.2
activie guard protection time
minirum time for a given laser exposure of the front (incident) surface of an active laser guard;
the-mpinimum-time, measured from the issue of an active guard,termination signal, for whichh the
active laser guard can safely prevent laser radiation accessible at its rear surface [from
excegding the Class 1 AEL

3.3
active guard termination signal
signdl issued by an active guard in response to an)excess exposure of its front surface to |aser
radiation and which is intended to lead to automatic termination of the laser radiation

Note 1 to entry: The action of a safety interlock b€coming open circuit is considered a "signal" in this contexf.

3.4
activie laser guard
laser|guard which is part of a safety-related control system whereby failure of the front sufface

of the Iaser guard trlggers a termlnatlon ygnal—'Fhe—een#el—s&stem—genemtes—an—a%e—ewd
[ e llaser

3.5
beam delivery system
systgm compris€d of all those components, including all optical beam components and pot¢ntial
beam paths“and their enclosures, which when combined, transfer laser radiation emitted|from
the Igser(radiation generator (the laser) to the workpiece

Note 110 eniry: These components may nclude all elements for guiding, shaping and switching the laser beam as
well as the enclosure of and support for the beam path components. See Annex G for detail on guided beam delivery
systems.

3.6

beam diameter

dgg

diameter of the smallest circular aperture in a plane perpendicular to the beam axis that contains
86 % of the total laser power (or energy)

Note 1 to entry: In the case of a Gaussian beam (TEMy), d,. corresponds to the point where the irradiance (radiant

86
exposure) falls to 1/e? of its central peak value and the second order moments of the power density distribution
(1ISO 11146-1:2005 3.2).
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beam path component
optical component which lies on a defined beam path

Note 1 to entry:

cable

connector.

2022

Examples of a beam path component include a beam steering mirror, a focus lens or a fibre optic

[SOURCE: IEC 60825-1:2014, 3.16, modified — Example has been removed and Note 1 to

entry

3.8

has been added.]

bearﬁ‘s:‘lap;llg \aUIIIPUIIGIIt

optic
laser

3.9

bl component introduced in the beam path to transform the profile or cross-section\d
beam by means of apertures, or reflective, refractive or diffractive optical componen

beanp switching component

optic
unde|
allow

3.10

fibre
optic
trans|

Note 1
by cla
other
etc. T

3.1

hl component or an assembly of components introduced in the beam path to direct or d
I external control, the beam path along predetermined direction(s) with the external cq
ing the beam path to be switched from one predetermined directiofY'to another

optic cable
bl beam guiding component that enables the transmlission of laser radiation alg
parent medium

to entry: A fibre optic cable may have a glass or other.cofe that carries the laser radiation and be surro|

Hding. The outside of the fibre is protected by claddingh\and may be further protected by additional lay
naterial such as a polymer or a metal to protect the*fibre from mechanical deformation, the ingress of
his term also includes other forms of transmission @&vices such as waveguides.

foregeeable exposure limit

FEL
maxi
inspeg

Note 1
durati

3.12
front
face

3.13
lasel

ction interval, assessed under normal and reasonably foreseeable fault conditions

to entry: The full specification of an FEL comprises different elements, including irradiance and exj
n. More details are giyetnin Annex B.

surface
pf the laser.guard intended for exposure to laser radiation

guard

f the

vert,
ntrol

ng a

unded
ers of
Wwater,

mum laser exposure on the*front surface of the laser guard, within the maintenance

osure

sible

phys
at its

3.14

calbharrier which limits the extent of a dnngnr zone hy prn\/nnfing laser radiation acce
rear surface from exceeding the Class 1 AEL

laser processing machine
machine which uses a laser to process materials and is within the scope of ISO 11553-1

3.15

laser termination time
maximum time taken, from generation of an active guard termination signal, for the laser

radia

Note 1
of the

tion to be terminated

to entry: Laser termination time does not refer to the response of an active laser guard but to the res
laser processing machine, in particular the laser safety shutter.

ponse
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3.16
maintenance inspection interval
time between successive safety maintenance inspections of a laser guard

3.17

passive guard protection time

minimum time determined for a laser exposure equal to a specified protective exposure limit
(PEL) at the front (incident) surface of a passive laser guard for which the passive laser guard
can reliably prevent laser radiation accessible at its rear surface from exceeding the class 1
AEL

3.18
passlive laser guard
laser|guard which relies for its operation on its physical properties only

3.19
procpss zone
zone|where the laser beam interacts with the material to be processed

3.20
proprietary laser guard
pass|ve or active laser guard, offered by—its a manufacturér=as—a of laser guards ds an
indegendent product placed on the market with a specified protective exposure limit

3.21
protéctive exposure limit
PEL
maximum laser exposure of the front surface ofia laser guard which-is—specified-to preyents
laserfradiation accessible at its rear surface from exceeding the Class 1 AEL for the determined
pass|ve or active guard detection time

Note {1 to entry: In practice, there may be more than one maximum laser exposure.

Note 3 to entry: Different PELs may be, assigned to different regions of a laser guard if these regions are ¢learly
identifjable (for example, a viewing window forming an integral part of a laser guard).

Note 3 to entry: See 5.3 for the performance requirements and 5.4 for the full specification. The full specification of
a PEL|comprises different elements, including irradiance and exposure duration.

3.22
rear surface
any-g$urface of .avlaser guard that is remote from the associated laser radiation and ugually
accessible to-the user

3.23
reasphably foreseeable
<event {or condition}>-when-itis credible and-its whose likelihood of occurrence-{ or existence}
cannot be disregarded

3.24
safety maintenance inspection
documented inspection performed in accordance with manufacturer’s instructions

3.25

temporary laser guard

substitute or supplementary active or passive laser guard intended to limit the extent of the
danger zone during some service operations of the laser processing machine
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4 Laserprocessing-machines Requirements for laser guards

4.1 Requirement

Clause 4 specifies the requirements for laser guards that enclose the process zone and are
supplied by the laser processing machine manufacturer.

4.2 Design requirements

4.21 Guard requirement

the following specific laser requirements shall be met for a laser guard.

4.2.2 General requirements

A lasgr guard, in its intended location, shall not give rise to any associated hazard at or begyond
its rgar surface when exposed to primary laser radiation or secondaryyoptical radiation bp to
the %reseeable exposure limit. Annex F provides guidance on assessing the suitability of laser
guards.

NOTE|1 Examples of associated hazards include high temperature, plasfa; excessive ultra-violet radiatign, the
release of toxic materials, fire, explosion, and electricity.

NOTE|2 See Annex B for assessment of foreseeable exposure limitx
4.2.3 Consumable parts of laser guards

Provision shall be made for the replacement of parts of a laser guard prone to damage by [aser
radiation.

NOTE| An example of such a part would be a sderificial or interchangeable screen.
4.3 | Performance requirements
4.3.1 General

When the front (incident).surface of a laser guard is subjected to exposure to laser radiatipn at
the fpreseeable exposdre limit, the laser guard shall prevent laser radiation accessible pt its
rear purface from exceeding the Class 1 AEL at any time over the period of the maintenance
inspgction interval, For automated laser processing machines intended for unattended aphd/or
unsupervised gperation, the minimum value of the maintenance inspection interval shall bg 8 h.

This fequirement shall be satisfied over the intended lifetime of the laser guard under expg¢cted
cond|tions-of operation.

NOTE 1 This requirement implies both low transmission of laser radiation and resistance to laser-induced damage.

NOTE 2 Some materials-may can lose their protective properties due to ageing, exposure to ultraviolet radiation,
certain gases, temperature, humidity and other environmental conditions. Additionally, some materials will transmit
laser radiation under high-intensity laser exposure, even-theugh if there-may-be is no visible damage (i.e. reversible
bleaching).

4.3.2 Active laser guards

a) The active guard protection time shall exceed the laser termination time up to the
foreseeable exposure limits.

b) The-generation-ofan-active-guard-termination-signal If an active guard detects an excessive

exposure, i.e. is triggered, it shall give rise to a visible or audible warning. A manual reset
is required before laser emission can recommence.

NOTE See Annex C for an elaboration of terms.
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4.4 Validation
4.4.1 General guard validation

If the laser processing machine manufacturer chooses to make a laser guard, the manufacturer
shall confirm that the guard complies with the design requirements and can satisfy the
performance requirements set out in 4.3.

NOTE See Annex A for guidance on the design and selection of laser guards.

4.4.2 Validation of performance

4.4.21;1 The complete laser guard, or an appropriate sample of the material of construction
of th¢ laser guard, shall be tested at each FEL identified.

NoTEH—It is intended that a table of predetermined PELs for common combinations of lasers
and guarding materials, together with suitable testing procedures,-shal wilhbe issued 4s an
informative annex in a future amendment to this document. This could pfovide a simple
altermative to direct testing for the majority of cases.

NOTE}2 See Annex B for the assessment of FEL and Annex C for further elaboration”of the terms PEL and HEL.
4.4.2.2 For testing purposes, the FEL exposure shall be achieved either:

a) bl calculating or measuring the exposure and reproducing the conditions; or

b) without quantifying the FEL, by creating the machine conditions under which the FEL is
produced.

The [condition of the laser guard or sample shall be such as to replicate those physical
cond|tions of the front surface permitted within;the scope of the routine inspection instrudtions
and within the service life of the guard, which.minimize the laser radiation protective propgrties
of th¢ laser guard (for example, wear andstear and surface contamination) (see 4.5.2).

4.5 User information

4.51 The manufacturer shall-document and provide to the user the maintenance inspection
interyal for the laser guard, and\details of inspection and test procedures, cleaning, replacement
or repair of damaged parts; together with any restrictions of use.

4.5.2 The manufacturer shall document and provide to the user instructions that aftef any
actugtion of the safety control system of an active guard, the cause shall be investigated} and
checks shall be“made for damage;—and. The instructions shall also include the necesgsary
remedial action‘to be taken before resetting the control system.

5 PRroprietary laser guards

5.1 General

Clause 5 specifies the requirements to be satisfied by suppliers of proprietary laser guards.

5.2 Design requirements
A proprietary laser guard shall not create any associated hazard at or beyond its rear surface

when exposed to laser radiation up to the specified PEL when used as specified in the user
information (see 5.7).

5.3 Performance requirements

The accessible laser radiation at the rear surface of the laser guard shall not exceed the
Class 1 AEL when its front surface is subjected to laser radiation at the specified PEL at least
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during the passive guard protection time. For an active laser guard, this requirement shall apply
to laser radiation accessible over the period of the active guard protection time, measured from
the moment an active guard termination signal is issued.

This requirement shall be satisfied over the intended lifetime of the guard under expected
service conditions.

5.4 Specification requirements

The full specification of a PEL shall include the following information:

rface
5sive

time
area

3 for

c) the wavelength(s) for which this PEL applies;

d) the angle of incidence and (if relevant) the polarization of the-incident laser radiation;

e) ahy minimum dimensions to the irradiated area (for example, as might apply to an gctive
Idser guard with discrete sensor elements so that assmall diameter laser beam could |pass
firough the guard undetected);

—

f) for an active laser guard, the active guard protection time.
NOTE|1 See Clause B.1 for an elaboration of terms.
NOTE|2 In all cases, a range or set of values can be'stated rather than a single value.

NOTE|3 A graphical form of presentation is accéptable (for example, irradiance plotted against duration with all
other parameters constant).

5.5 | Test requirements
5.5.1 General

Testing shall be performed using the complete laser guard or an appropriate sample df the
matefial used to construct the guard. In either case, the condition of the guard or sample(shall
be such as to replicate or exceed the worst permissible physical condition of the front surface,
inclugling reduced-surface reflection and damage permitted within the scope of the routine
mainfenancesinstructions (see 5.7).

The {ronf\surface irradiation shall be either as specified by the PEL or, in the case of sample
testingy.as specified in 5.5.2. 1

When the front surface is subjected to the PEL exposure conditions, the accessible laser
radiation measured at the rear surface of the laser guard shall not exceed the Class 1 AEL
(tests as-preseribed specified in Clause 5 of IEC 60825-1:2014). This requirement applies over
the exposure duration specified in the PEL or, in the case of an active guard, over the specified
active guard protection time measured from the moment an active guard termination signal is
issued.

NOTE In cases where materials opaque at the laser wavelength(s) are used (for example metals), the transmitted
radiation-will can rise only to the Class 1 AEL when complete (or almost complete) physical removal of material along
a path through to the rear surface has been achieved. In such cases, the rise from zero transmission to a value
greatly in excess of the Class 1 AEL will therefore be rapid, and sensitive radiation detectors will not be required.
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5.5.2 Sample testing

Sample guard testing shall be performed by irradiating the front surface of the guard material
using the procedure and methodology as specified in Annex D.

5.6 Labelling requirements

5.6.1 All labelling shall be placed on the rear surface of the guard.

5.6.2 The rear surface of the guard shall be clearly identified if the orientation of the guard
is important.

5.6.3 If only part of the front surface of the guard is a laser guard, this area shall be,clearly
identjfied by a bold coloured outline and words to indicate the outer boundary of the [aser ghard.

5.6.4 The labelling shall state the full PEL specification.

5.6.5 The manufacturer’s name, the date and place of manufacturé€)in accordance| with
ISO 11553-1, and a statement of compliance with this document shalbbe provided.

5.7 User information

In addition to the specifications listed in 5.4, the following information shall be supplied tp the
user py the manufacturer of a proprietary laser guard:

description of the permitted uses of the laser gUard;

W)
~
Q

b)

c) infformation on the installation of the laser guard — for active laser guards this shall in¢lude
interface and supply requirements for the.guard;

description of the form of mounting and connection of the laser guard;

QO

d) maintenance requirements, including;for example details of inspection and test procedures,
eaning, replacement or repair of.damaged parts;

O

structions that, after any actuation of the safety control system of an active guard, the
cpuse shall be investigated,~and checks shall be made for damage;—and. The instrugtions
shall also include the necessary remedial action to be taken before resetting the cgntrol
slystem;

e)

f) the labels in 5.6 and:their locations. If only part of the front surface of the guard is a [laser
guard, this area shall be identified;
a

g) alstatement oficompliance with this document.
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A.1

Examples-of a-passive laser guard-include the following.
L L ~J =4

a)

b)

c)

A.1

Exanpples of an active laser guard include the following:

a)

b)

A.1
Visi

A.1

If poyver is required for the proper functioning of an active guard, its supply should be arra
so thpt laser operation is not possible in the absence of such power.

A.2 | Selection of laser guards

A.2
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Annex A
(informative)

General guidance on the design and selection of laser guards

Design of laser guards

A Passive laser guards

2022

al metal panel relying on thermal conduction, if necessary enhanced by forced air.or
cpoling, to maintain the surface temperature below its melting point under norma
¢asonably foreseeable fault conditions;

—

al transparent sheet, opaque at the laser wavelength, which is unaffected by low val
gser exposure under normal operation of the laser processing machine;

>

pn-metal panels relying on thermal sublimation without melting and 'similar materials

.4 Active laser guards

guard, with discrete embedded thermal sensors, whi¢h detects overheating;

a
NPTE The spacing between sensors should be<considered in relation to the min
d|lmensions of an errant laser beam.
a
g
p

laser guard comprising two panels between which is contained a pressurized liqy
aseous medium in combination with a pressure-sensing device capable of detectin
ressure drop following perforation of thé.front surface.

.3 Hazard indication (passive 1aser guards)

.4 Power supply.(active laser guards)

vater
and

ue of

mum

id or
j the

ble indication of exposure of the'laser guard to hazardous amounts of laser radiation should
be provided where feasible (for éxample by adding a layer of an appropriate paint on both
of the¢ laser guard).

sides

nged

.1 —~_Selection requirements

A simple selection process is as follows.

a)

b)

Identify the preferred position for the laser guard and estimate the FEL at this pos
Annex B gives guidance on the estimation of FEL values.

ition.

If necessary, minimize the FEL under fault conditions, preferably by including automatic

monitoring in the machine which will detect the fault conditions and limit the exposure
Examples of alternatives include the following:

time.

1) ensure that the laser guard is sufficiently far away from beam focus produced by focusing

optics;

2) install vulnerable parts of the laser guard (such as viewing windows) away from regions

that could be exposed to high irradiance;

3) move the laser guard farther away from the laser process zone;
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4)

require in the essential servicing documentation for temporary laser guards, additions
such as:

one or more persons to be present to supervise the condition of the front surface of
the laser guard, to reduce the assessed exposure duration of a passive laser guard;

a hold-to-operate controller to be used by the person(s) supervising the condition of
the front surface of the laser guard, to reduce the assessed exposure duration of a
passive laser guard;

additional local temporary guarding, apertures and beam dumps to be employed, to

absorb any powerful errant laser beams;

Thre

A.2.2

This

NOTE]

such as:

turning mirrors) required during servicing;

e mounts which allow only limited scope for beam steering.

p options then follow. The order below does not indicate a preference.

Option 1: passive laser guard

s the simplest option.

L _Design and quality control are particularly,important considerations where the absor

at th¢ laser wavelength is dominated by a minority additive, such as a dye in a plastic. In

case
abso
batch

A.2.3

If the
prote

A.2.4

A prg
valudg

5, where the manufacturer of the material does not specify the concentration o
ber or the material optical attenuation-at the laser wavelength, samples from the
of the material should first be tested' as described in 4.4.1.

Option 2: active laser guard

FEL cannot be reduced‘\to’a value where common guarding materials provide adeq
ction in the form of a passive laser guard, an active laser guard-ean may always be

Option 3: proprietary laser guard

prietary laserguard-ean may be used if the assessed FEL values are less than the
s quoted.by-the laser guard manufacturer.

° thao danaar z2ona bhaoaboundaod by orrant haam wwinrnina A-aviin~ne AN O CHLAL. adn aced
the-danger-zone-to-be-beunded-by-efrantbeam-warning-devices-and-the-guard p
beyond this zone to reduce the assessed exposure duration;

incorporate in the design of the machine, when using temporary laser guards, heam

control features to facilitate improved laser beam control during servicing ,operafions,

e holders for precise location of additional beam forming components (for example

ption
such
f the
same

uate
ised.

PEL
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Annex B
(informative)

Assessment of foreseeable exposure limit (FEL)

General

FEL values may be assessed either by measurement or by calculation (see below).

1ISO

incl

part processing cycle of the machine) over the maintenance inspection interval.

From this assessment, the most demanding combinations of irradiation, area ©0f ‘€xposure

exp
like

of exposure at a relatively low irradiance, while another may maximize the irradiance o
shorfler duration of exposure; see Figure B.3 and Figure B.4.

The full specification of an FEL comprises the following information.

a)

b)

c)

d)

g)

h)

ufe consideration of cumulative exposure in normal operation (for example, during

opure duration should be identified; see Figure B.1, Figure B.2 and Figure B.3. It is
Iy| that several FELs will be identified; for example, one condition may,maximize the durn

The maximum irradiance at the front surface of the-laser guard, see Figure B.1
Fligure B.2.

NPTE 1 Irradiance is expressed as the total power or enfergy divided by the area of the front surface
guiard, or specified limited area, as appropriate.

Any upper limit to the area of exposure of the-front surface at this level of irradiance.

NPTE 2 No limit to the area would be appropriate.for protection against scattered laser radiation while an
limnit to the exposed area would be appropriate’for direct exposure to laser beams.

Tlhe temporal characteristics of the\exposure, i.e. whether continuous wave (CW) or p

The full duration of exposure:

DTE 3 See Clause B.4 for an/elaboration of this term.
he wavelength(s) of\the radiation.

N
T
Tlhe angle of incidence and (if relevant) the polarization of the radiation, see Figure B.
Fligure B.2.

NPTE-1 4 _Stipulation of angle of incidence is particularly important for laser guards exploiting interfe
lalyers to reflect impinging laser radiation.

NPTEL +CAUTION: At Brewster's angle of incidence "p", polarized radiation is str

gser radiation, and if the latter, ¢then the pulse duration and pulse repetition frequency.

2022

(2772 TZTUU provides a general methodology Tor risk assessment. 1he assessmentshould

each

and
quite
ation
ver a

and

of the

upper

ilsed

and

rence

bngly

cpupled into the surface of the guard.

Any minimum dimensions to the irradiated area (for example as might apply to an active

laser guard with discrete sensor elements so that a small diameter laser beam could
through the laser guard undetected).

For an active laser guard, the active guard protection time.

pass
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B.2

Reflection of laser radiation

B.2.1 Diffuse reflections

Assuming a Lambertian reflector with 100 %
reflectivity,
F, cosf
BT TR

- 19—

Laser guard —»

P, .
0 Irradiance Ep

l/¢

B.2

It is
spe

For
Gal

g3
max
Gal
dist

whe
surf]

2 Specular reflections

difficult to generalize for the case of
cular reflections.

a circularly symmetric laser beam with a
ssian distribution, power P, and diameter,

ge at the focusing lens, focal length £, the

imum irradiance (at the centre ofithe
ssian distribution) in a normal plane at a
bnce R from the focus is:

il 4P0p(f\2

LY
,[dékR)
2
P _4-Po-p(fj
AT ————| —
m-dgg \ R

re p_is the reflectivity of the workpiece
ACE.

N

Figure B.1<(Calculation of
diffusereflections

IEC

Laser guard —»

IEC

Figure B.2 — Calculation of
specular reflections

CAUTION: Certain curved surfaces-may can
increase the reflection hazard.

B.3

FELs should be assessed for the worst reasonably foreseeable combination(s) of available laser
parameters, workpiece materials, geometry and processes likely to be encountered during

Examples of assessment conditions

normal operation (IEC TR 60825-14 provides guidance for users).
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Laser guard —»

[ ] IEC

Figure B.3a — Software failure

Laser guard —»

IEC

Figure'B.3b — Workpiece bends or
is inadequately clamped

Laser guard —»

Figure B.3c — Workpiece missing

Figure B.3 — Some examples of a foreseeable fault condition
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Errant laser beam

Mirror missing

NSO\ IEC

Figure B.4a — Laser is operated with turning
mirror missing

N\

Mirror

Errant laser beam

K

IEC

Figure B.4b — Beam displaced off miftror during
alignment proceduré

Errant laser
beams
Beam expander out

of adjustment

IEC

Figure B:4c — Beam expands beyond range of optics

Q&

Reflective object
enters beam path Ec

Figure B.4d — Reflective objects intercept laser beam

Figure B.4 — Four examples of errant laser beams that might have
to be contained by a temporary guard under service conditions
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B.4 Exposure duration

B.4.1

Normal operation

The exposure of a guard to laser radiation during fault-free operation may comprise exposures
to low levels of reflected, scattered and transmitted radiation which are repeated on each
machine cycle. In this case, the assessed FEL for fault-free operation would encompass the
variation in irradiance of the guard during the cycle, see Figure B.5, repeated for the maximum
number of machine cycles within a safety maintenance inspection interval.

§“E A
i [ 28 h protection
g o :..' ‘.“‘
Se
Scattered radiation during %, I'in'Te
processing of a single piece
B Automated processing of several pieces _
A possible value of irradiance
specified in the FEL
The characteristics of the
radiation (i.e. pulsed or T
continuous wave) also form
part of the FEL IEC
Figure B.5 — Illlustration of laser guard exposure during
repetitive machine operation
B.4.2 Fault conditions
A safety control system involving some form of machine monitoring can reduce the time for
which the guard-must shall safely contain the radiation hazard under fault conditions.| Two
examples are given in Figure B.6.
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Assessed duration of exposure

Onset of fault A
/ On-line process monitoring detects fault A

/ during processing
Laser safety shutter closes

Laser irradiance of the guard (Wm-2)

Time
EF
Figure B.6a — Shut-down with on-line machine safety monitoring
N'E 1 Assessed duration of exposure
= |
e v 1
§ M
O
[0]
£
G
[0]
o
c
o
©
Y
5 [\V\j‘\&\ J \
(2]
© -
s =
f Time

Fault B occurs

Machine shut down
Post-treatment inspéction during the following before next piece is

machine cyclesreveals that fault B occurred processed IEC

Figure B.6b — Shut{down with off-line machine safety monitoring
Figure B.6 — Two examples of assessed duration of exposure
For feasonably foreseeable fault conditions which are not detected by some safety-related

contrpl system, the assessed duration of exposure is the full safety maintenance inspection
interyal.
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!
| Assessed exposure duration = maintenance inspection interval
N L \_/ /! ],
Z4

| |

Onset of undetected fault Safety mainténance inspection
reveals damage to guard

Figure B.7 — Assessed duration of exposure for a machine
with no safety monitoring

B.4.3 Servicing operations

The

expopure of a temporary guard during servicing operations include:

a)
b)
c)
d)
e)

f)

g)
h)

A ri

the use of a pre-set laser-on time;

the degree of control over fault conditions;

provision of persons to supervise the’condition of the guard (passive laser guards);
provision of a hold-to-operate eéntroller;

degree of warning provided ;by the response of the guard to excessive laser expq
(passive laser guards);

degree of concealment of the front surface of the guard (passive laser guards);
total area of guard to'be supervised (passive laser guards);
degree of training’of service personnel.

sk assessnient should be performed to identify hazardous situations and to asses

foreseeablexexposure level. Where human intervention is required to limit the durati
expopure of*a temporary guard, a value of not less than 10 s should be used. All reaso
practicable engineering and administrative control measures should be implemented to re
reliarrce o temporary Screens to provide protection:

IEC

factors which directly affect the time to lasersdermination measured from the onset of

sure

5 the
bn  of
hably
duce

B-5 Reference-document
ISC 21:1999._Saf A . Drinein] -
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CA

Annex C
(informative)

Elaboration of defined terms

Distinction between FEL and PEL

Maximum reasonably foreseeable
exposure at the front surface of the

laser guard is the FEL
Caser
Protective exposure
limit (PEL)
—Vs)
[J:L] -a~laser guard
Process zone
Laser processing machine
IEC
Figure C.1 — lllustration of guarding around a laser

processing machine

The foreseeable exposure limit (FEL) at a particular location where a laser guard is to be

is th
asse
valug
can |

The |

b maximum exposure estimated by the manufacturer of the laser processing mac
5sed under normal and reasonably foreseeable fault conditions, see Figure C.1. The
defines the minimum value of the protective exposure limit (PEL) of a laser guard
e used at that location:

PEL indicates the) capability of a laser guard to protect against incident laser radiation

mand

facturer ofthe’‘laser processing machine shall perform tests to confirm the adequa

the IIser guards=—This can be accomplished by direct testing, or by determining the PEL ¢

guar

, or by.purchasing a proprietary laser guard for which the PEL is specified.

Cc.2

sited
hine,
FEL
that

The
cy of
f the

Active guard parameters

An active guard has two essential components:

a) a physical barrier, highly attenuating at the laser wavelength, to act as a passive laser guard
for low levels of laser radiation (for example, diffusely scattered radiation) and to resist the

p

enetration of hazardous levels of incident radiation for a limited (short) time only;

b) a safety control system which incorporates a sensor that detects hazardous levels of
incident laser radiation either directly or indirectly (for example, by measuring temperature
or by detecting some other effect induced by the laser radiation on some part of the laser
guard) and then issues a signal to terminate laser emission (for example, by breaking the
safety interlock chain, thus switching off the laser source, or by closing a safety shutter).

Laser guards will frequently be subject to low values of laser irradiance during normal operation
of a laser processing machine. Since the guard is not threatened by such radiation, the sensor
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should not react. Instead, the sensor should be set to react only to incident laser radiation that
exceeds a threshold value at which the integrity of the laser guard is threatened. There is a
time delay between the incident laser radiation exposure exceeding the threshold value and the
moment when an active guard termination signal is produced by an active laser guard, see
Figure C.2. Similarly, there is a time delay, termed the laser termination time, between the
production of the active guard termination signal and the moment when the laser radiation is

terminated.

To-satisfy t , o oy o

I_ lLacartarmination activia cuiard _l
AN is less than AN
time protection time
Ingcident laser Active laser guard Laser processing machine Laser guard no |
radiption exceeds outputs laser responds to laser termination provides protect
some|threshold value termination signal signal and laser radiation is the exposure is|
terminated terminated

Laser termination time

A
\/

Active‘guard protection time

Figure C.2 — lllustration of active laser guard parameters

nger
on if
not

IEC
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Annex D
(normative)

Proprietary laser guard testing

D.1 General

Annex D contains details of the test conditions to be adhered to and the documentation to be

supplied by manufacturers of proprietary laser guards.

It shquld be noted that it is inappropriate to use higher power lasers to simulate low power
parafneters or use low powered lasers to simulate high-pewered power laser parameter
chanping irradiance or by adjustment of the distance from the focal point, because’beam q

laser
s, by
Lality

and qther characteristics of the laser beam are likely to be different or unexpected.Manipuliating

characteristics of lasers of a certain power level to make or extrapolate estimates of a lag
of a different level (higher or lower power) is not permitted.

The pvidence of the tests described herein is relevant only for, and)is limited to, the
parameters used. Thus the results of these tests should serve anly for comparison of
guardls.

The protective exposure limit (PEL W m—2) shall be applicable only for the beam dimensig
the guard used in the tests. These dimensions at the guard shall be stated by the laser ¢
manufacturer because the PEL, which indicates pfetection, decreases as the laser |
dimepsions increase. If the PEL is exceeded, the“guard can be damaged and even
disinfegrates. For the purposes of Annex D, the protection time is the time interval from
irradiation of the front surface until the laser ragiation emitting beyond the rear surface exg
the alccessible emission limit (AEL) for Class\} as defined in IEC 60825-1.

For power levels greater than 4 kW an@ for BPP less than 4 mm-mrad, the absorbed p
dens|ty often does not increase ljnearly. It is, however, suggested that the experim
procg¢dure described in Annex D isvfollowed to determine the protection time for the de
PEL when the output from a cembination of laser, optics and fibre optics is in excess of 4

Care|should be exercised even at lower powers when interpreting results as the occurren
non-linear effects canpQtbe excluded or ignored. Tests should be undertaken using an o

er-in
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uard
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setup that corresponds-to the overall laser system for which the guards are intended to be jised.

D.2 | Test conditions

D.2.1 General precautions for test conditions

A variety of exposure Timit tests with different materials and different Tasers may cause
reproducible results that can lead to false interpretations for the protective exposure limi

non-
t and

overestimated lifetime predictions of laser guards. Thus equal and comparable conditions for

repeated tests-must shall be ensured to maintain the integrity of the results.

As part of ensuring the integrity of the results, effort shall be made to eliminate or at

least

minimize systematic or other errors that may also result in false interpretations for the PEL or

overestimation of the guard lifetime. Such errors may arise from:

a)
b)

material: reflecting surfaces, where reflectivity changes through oxidation or contamination;

laser: with high power lasers (e.g. multi-kilowatt lasers), especially those with good beam
quality (i.e. fibre lasers and disk lasers), reactions have been seen that have considerable
influence on the actual irradiance on the surface of the laser guards.
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Thus during testing,-itis-important-that no mechanical or physical effects (such as described
below) shall occur between the beam aperture and the point of incidence on the guard material
that adversely affect any optical properties.-lis-impeortantto-note-that Testing conditions-should
shall be accurately replicated, otherwise the resultant-PEL-or passive guard protection times
may not be reliably reproduced.

Examples of effects that influence test results include but are not limited to:

e generation of fine metallic fume, whereby laser radiation is absorbed (e.g. thermal blooming)
or scattered (e.g. Mie effect) in the metallic fume;

e change of the focal point (thermal induced focal shift), whereby there is a change of the
ppwer density at the surface of the laser guard. These effects may reduce the laser\power
oph the sample under test;

e eptablishment of an equilibrium (i.e. thermal equilibrium or balance between incident and
g¢flected or reemitted radiation) leading to a practically infinite—PEL—er.passive quard
plotection time in one test, while a repeated test under assumed equal conditions leads to
alfinite PEL or protection time.

—

The fested exposure limit (W m=2 for CW lasers or J m=2 for pulsed lasers) shall be determined
by tegts performed when irradiating at least-six ten samples by irradiating one surface of [each
sampgle. Each sample shall be of representative thickness, composition and surface finish,
havirlg a front test surface prepared to give worst case absorption-to laser radiation. Dimengions
of th¢se samples shall be not less than three times the beam“diameter measured at the points
wherk the intensity distribution has decreased to a value ©f 1/¢2 of the peak at the expgsure
locatlon (thereby guaranteeing that the radiant heat-flow is taken into account). Strugtural
conngcting elements shall only be included in the dests if they are necessary to ensurg the
consfruction and integrity of the guard. In the case of non-circular beams, the geometry gf the
beanm used in the test shall be specified. Non-girecular beams are those where the diffelence
betwgen the major and the minor dimension is(greater than 10 %. The tests shall be performed
in both pulsed and CW mode where pulsediand CW laser operation is possible as the plised
radiation may lead to different results.

NOoTEHM—The parameters of pulsed radiation used in these tests should be representative of the
parameters to be used in any specified application.

NOTEl2-The geometry of the' test beam is required to be specified because it affect$ the
distripution of heat in thetsample.

NoTEl3—Particular caré should be taken in the preparation of samples when testing laser gyards
usind aluminiums.copper, stainless steel and materials with zinc coated surfaces. It has [peen
obsefved for,ihése and other similar materials; that the PEL and protection time-is are highly
depehdent eh-sample preparation and experimental setup that affects the repeatability qf the
PEL pnd protection time measurements.

NOTEZ—T he worsttase absorption shoufdtake tnto account the reffectivity of the guard material
and the changes to the surface of the laser guard material over the foreseeable lifetime of the
laser guard. However, the test plate should not have been treated beforehand, in any possible
way that could alter absorption conditions artificially, except for accelerated natural reflectivity
change of the guard material and the accelerated natural changes to the surface of the laser
guard material reasonably expected over the foreseeable lifetime of the laser guard.
Qualification test should be done in normal conditions for the laser shielding.

If a sample holder is necessary for the tests, then its maximum overlap on the sample edge
shall not exceed 3 mm from the edge of the sample. The holding arrangement in contact with the
sample shall be thermally insulating (e.g. ceramic,—ete:), compatible with use at the
temperatures generated.
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The sample shall be normal (or tilted no more than £3° to avoid retro-reflections) to the laser
beam with the beam axis centred on the sample at a distance F; as shown in Figure D.1. The

distance F'y past the focal point shall be not greater than three times the focal length (F) of the

focusing lens. If for a specific application the guard is to be positioned at a distance less than
three times the focal length (F) away from the focal point, the minimum distance between the

focal

NOTE]
diffen

in the qualification report.

The
to en
optic
the s

In ag

interpal spaces shall be sufficiently~ventilated (e.g. by using a cross jet, see Figure D,

ensu

point and the guard-has-te shall be taken as the distance F.

Guard
Lens

IEC

Figure D.1 — Simplified diagram of the test arrangement

15— Test should be performed with horizontally directed b&am as shown in Figure D.1
ent beam direction were used, mention the test arrangement regarding the beam dire

surface of the sample under test shall be sufficiently ventilated (e.g. by using a cros

.Ifa
ction

5 jet)

sure that the test surface and the space between the test sample and the beam shaping

5 remain clear of debris, fume, etc. during-the period of the test. The ventilation shall
ame effect as the air circulation in the intended application.

dition, where there are multiple\layers to the sample guard, all internal surfaces

re that all surfaces remain clear of debris, fume, etc. during the period of the test.

Cross jet on the front surface
and each multiple space

Guard system

Laserbeam

have

and
2) to

IEC

Figure D.2 — Simplified diagram of the ventilation for the guard under test
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D.2.2 Laser guard test conditions for passive laser guards

For
not
peri
gua
the

passive laser guards: the accessible laser radiation at the rear surface of the sample shall
exceed Class 1 AEL during the test exposure, the duration of which is dependent on the
od of exposure set by the manufacturer of the proprietary guard. The protection time of the
rd-must shall exceed the maintenance inspection interval as defined in Table D.1 subject to
intended laser guard usage.

Maintenance inspection intervals of proprietary laser guards should be specified by their
manufacturer using test classifications T1, T2 or T3 as defined in Table D.1. Maintenance
inspection intervals represent the time interval after which the guard is completely inspected

and
can

erifiedas ot damagedor deteriorated—This s toensure-that the guard s astate that
tplerate exposure to laser radiation for a further maintenance interval.

Table D.1 — Laser guard test classification

Tept classification inspection interval Suggested laser guard’usage

Maintenance

S

T1 30 000 For automated machine usage

T2 100 For short cycle operation_and’intermittent inspection

T3 10 For continuous inspection by observation

D.2
For

a)

b)

d)

e)

.3 Requirements for active guards

dctive guards the following-shal-be-required reguirements apply.

I the active guard is a part of a safety-related control system of a machine, the rel¢vant
and appropriate standard for safety-related control systems shall be applied.
TE

a

e active laser guard shall output.the'laser termination signal (which is intended to lefad to
tomatic termination of the laser radiation), in response to any exposure of its front sufface
te laser radiation in excess of<the specified exposure (level and duration). A reasopably
foreseeable fault within theactive guard system shall not lead to the loss of the sjafety
fiinction. A reasonably foreseeable fault within the guard element shall be detected |at or
before the next demand upon the safety function.

he accessible laser.radiation at the rear surface of a sample of the passive laser gpard,
incorporated in the Jactive laser guard, shall not exceed Class 1 AEL in response tq@ any
exposure of its frant surface to laser radiation up to and including the specified expgsure
for an exposure*duration greater than the specified active guard protection time (as defined
in 3.2).

I automatic functionality checks within the active guard system are made during periods of
laser'emission that temporarily interrupt the operation of the active laser guard systenj, the
acelmulated time taken to complete these checks shall take into account the effect ro’rf any
repetitive laser pulses and shall not exceed the active guard protection time or cause any
reduction in the overall performance of the active laser guard.

The operation of an active guard is dependent on changes of physical parameters causing
the initiation of the active guard termination signal. The active guard shall be continuously
monitored during the period of potential laser exposure. At other periods, the active guard
shall be unaffected by parameter changes (for example, smoke, humidity, vibration or
shocks, temperature changes) and any other changes in the environment, thus preventing
the active guard from being inadvertently disabled.

Any damage to the active guard shall be detected at or before the next demand for
protection and until that damage has been rectified, further operation shall be prevented.
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D.3 Protection time corresponding to the specified protective exposure limit
(PEL)

The passive guard protection time corresponding to the specified protective exposure limit
(PEL) (as defined in 3.21-orprotection-time) shall be determined from the results obtained from
the measurements made. Experimental irradiating laser power density shall be adjusted to be
greater than or equal to the specified protective exposure limit (PEL). When calculating the
protection time from the sampled data, the central limit theorem shall be applied presuming an
underlying normal distribution.

Individual samples tested in the batch that do not burn through during the test shall be
statidtically disregarded unless the entire batch does not burn through.

A cqgnfidence level of 99 % is required and is ensured by using +30, where ¢ iscthe starjdard
devigtion in the normal distribution as given by

)= exp { <—ﬂ>j

o+\2n 20

wher!

D

p(x) | is the probability of x;
X is the individual value of a sample; and

7 is the mean of experimental burn-through timefof the tested samples, except for [laser
guards made of pitch-type CFRP (carbon fibreeinforced polymer) and similar materials.
For laser guards made of pitch-type CERP; u shall be defined as the mean of the
experimental rear-side ignition time, if itis‘shorter than the mean of experimental purn-
through time.

If thg arithmetic value of the mean of mreasured burn-through times for the tested samples
minup 30 is a negative number, the value shall be made to equal zero.

NOTE| 1 In these tests especially for materials with reflective surfaces and/or a low melting point (for example,
aluminium), the non-linear effects canvesult in a negative value for 3¢. These non-linear effects can also erron¢ously
indicafe a shorter distance betweef the focus and the surface of the sample primarily due to the reflecting (or mirror)
propefties of the sample materiab.

The quoted PEL for the'passive protection time shall be-equatto-0,7xtested-exposure-timijt the

laser| power density\actually used in the passive protection time measurement test or shall be
deteqmined betwegn two measurement points.

The protection’time shall be equal to 0,7 x (x — 30) s.

NOTE| 2. \Fhe factor 0,7 referred to in the equation for PEL-er and protection time is introduced as an addjtional
safety factor:

NOTE 3 The samples are randomly selected from a basic population.
D.4 Information supplied by the manufacturer

The manufacturer shall provide with the set of test sample data at least the following
information:

a) name and address if the organization conducting the tests;

b) the number of this document (IEC 60825-4);

c) the material and its specification or internationally recognized standard to which it is made
or rated, used for the samples. Details of any heat treatment, work hardening, surface
finishes or other process applied to the material shall be included in this specification;



https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

-32 - IEC 60825-4:2022 RLV © IEC 2022

d) the number of samples used in the tests;

e) details of the laser parameters used including at least

g)
h)

1) the laser wavelength(s),

2) the power or energy (specifying peak or average) at which testing was conducted,

3) the pulse duration and repetition rate (for tests using a pulsed laser),

4) the beam diameter (1/¢2) at the input of the focal lens,

5) the-beam-qualityexpressed-appropriatelyforexample; the beam parameter product-er

M2 (mm-mrad),

—h
Qo

th

th
th

the beam cross-sectionat Slidpe dl e 10CUs, dald

a measurement of the radiant exposure or irradiance of the beam at the surface ynder
test;

cal length of the focus lens used in the tests;
e distance Fq;

e maintenance inspection interval applicable to the laser guard;

e resultant-PEL—=andler protection times and PEL together with™ any calculationy and
atistical analyses made.
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Annex E
(informative)

Guidelines on the arrangement and installation of laser guards

E.1 Overview

Annex E addresses the arrangement and installation of guards to protect personnel against
laser radiation hazards around the process zone ofa laser materlals processmg machme These
guideghre Rpass
guardling for a stand- alone Iaser processing machine (see ISO 11553 1-%) and additional\(pften
userdinstalled) guarding required to safely integrate a laser-processing machines)Guarding
issuds relating to associated hazards of laser processing (which include mechanical, elecfrical,
fume|and secondary radiation hazards) are not considered in detail in Annex E.

E.2 | General

E.2.1—Introduction Requirement

Lasef guarding is required to isolate the laser hazard in addition-to the associated hazards of
laser|processing. Some of the guards may form part of a laser*processing machine, addifional
guardling may be used to facilitate safe loading and unloading of workpieces, and for servicing.

E.2.2 Arrangement of guards

Key ¢lements in assessing the arrangement andinstallation of guards around the process [zone
inclugle:

a) the degree of accessibility required fornworkpiece handling (especially the degree of manual
anipulation);

b) the method of fixing the workpieCe (e.g. use of jigs and clamps);

c) the method of removal of -the workpiece and any associated parts (e.g. scrap) |after
processing.

E.2.3 Location of guards
Good practice in detérmining the location of laser guards includes:

a) when possible;'the laser guard should be located at least three focal lengths away from the
focal point of a focusing lens;

b) Igserguards with lower protective exposure limits (PELs), for example viewing windows,

hould'not be located where the direct beam or specular reflections are expected.

n

E.2.4 Complete enclosure

A complete enclosure is one which meets all the requirements for a protective housing as
specified in 6.2.1 of IEC 60825-1:2014 and encompasses the embedded laser and the entire
process zone, such that there is no human access to hazardous radiation.

E.2.5 Incomplete enclosure

An incomplete enclosure is one which does not provide a complete protective housing
encompassing the embedded laser and the entire process zone, such that human access to
hazardous radiation is possible.
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If the risk of exposure is not tolerable (to those who may be on walkways or platforms which
raise them above the guards of an open topped machine), additional control measures are
required.

E.2.6 Hierarchy of control of laser hazard areas

The following hierarchy of measures is recommended for keeping persons out of an area where
there is an intolerable risk:

a) fit a fixed guard;

b) fit a removable guard;

c) fit an electronic protection device linked to the safety interlock chain of the machine,.anound
the perimeter of the area (e.g. a light beam sensor) or over the area (e.g. a~prespure-
sensitive mat);

d) provide a physical barrier plus information, instruction, training, supervision;

e) provide a means of allowing use with the operator some distance from'the process [zone
plus personal protective equipment (PPE).

NOTE| Measures (c) and (d) provide no protection from laser radiation emerging from the laser machine and-$hould
can therefore only be considered where the distance of the controlled boundary~from openings in the machine
exceefls the nominal ocular hazard distance (NOHD).

E.2. Personal protective equipment

Perspnal protective equipment should only be used as_a last resort where a combinatipn of
engineering and administrative controls cannot reasonably provide a sufficient level of
protection. Where personal protective equipment is’employed it should be supported with an
adequate level of administrative control governingyits use. It should only be used when & risk
assepsment has shown that the use of other means of risk reduction has failed to produce a
suffigient degree of safety and when it isxnot reasonably practicable to ensure adequate
protgction by other means. When working with Ultraviolet B (290 nm to 320 nm)| and
Ultrayiolet C (100 nm to 290 nm) protective clothing may be required.

E.2. Human intervention

Where machine operations reguire human access, then human intervention can be included in
the risk assessment and the ‘eonsideration of implications for the duration of the fault condjition.
Undgr these conditions, access should be controlled and accessible only to authorized pefsons
who have received adéquate training in laser safety and servicing of the laser system invalved.
rea should alsoybe restricted and not open to the public and where observers or pther
untradined personnel-are kept from being exposed to the hazards by barriers or administrdative

E.3.1—Introduction Requirement

Human exposure to a laser beam of the type typically used in laser materials processing can
produce a moderate to severe injury, depending on laser wavelength, tissue exposed and the
response of the victim. The probability of such an exposure occurring becomes the key variable
element in assessing the risk of injury. The reduction of risk to tolerable levels is an iterative
process. There is no standard approach to procedure and documentation for this process.
Nevertheless, the steps involved are universal and are described in ISO-44424 12100.
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E.3.2 General considerations
E.3.2.1 Risk assessment considerations

A risk assessment should be performed to identify hazardous situations and to assess the
foreseeable exposure level on intended positions of a laser guard. This assessment should take
into account a number of factors, including those described in E.3.2.2 to E.3.2.14.

E.3.2.2 Features of the laser process zone

Relevant features include the laser power and wavelength, the focal length of optics, and the

degr es of freedam of the heam delivervy (e a number of axes of movement)
PARRAR) 7

E.3.2.3 Process

The pature of the process, such as cutting, drilling, welding, marking. The machine may be
dedigated or offer several processes.

NOTE| Reflected laser powers differ appreciably with process and material being procesSed.
E.3.2.4 Process control

This ffactor addresses in particular the time during which laser guards may be exposed under
fault ponditions, including those upon which the foreseeable exposure limit (FEL) is determined
(e.g.[the process cycle time), the inspection process (e.g¢per item or per time period/ dr per
number of items), and the means and effectiveness of @utomatic process control intervention
in the event of a fault condition becoming evident.

E.3.2.5 Manual operations

Operptor intervention considerations include.the need and provision for manual control, the
mearns and effectiveness of process observation (including the location of viewing windoyws or
camgdras) and the accessibility and effectiveness of intervention in the event of a fault condlition
becoming evident.

E.3.2.6 Robot operations

The full range of robot movements, impact protection for the robot head and general protegction
of sdrvice lines and the\beam delivery to the robot, and the means of limiting robot head
movgment and direction (e.g. software limits, hardware limits and physical limits), in particular
the closest approach_of the exposed laser beam to laser guards.

E.3.2.7 Workpiece

The peometry, composition and surface finish of the workpiece, and how it can affegt the
direction,and strength of reflections during laser processing.

E.3.2.8 Clamping and fixturing

The holding and positioning of the workpiece and the related issues of reflections from surfaces
and collisions of the focusing head.

E.3.2.9 Loading and unloading

The method by which the workpiece is introduced and removed, in particular whether it is
manual or automatic, single piece or continuous, and the method (e.g. sliding, rolling or lifting
door) and control of access to the process zone.
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E.3.2.10 Beam delivery

Beam delivery considerations include the optical method (mirror or fibre) and means of
inspection, positioning and movement of optical components. Considerations include the
structural integrity of the mounting of beam path components, means of maintaining the
condition of optical components (e.g. clean dry gas purge plus cooling supply), means of
maintenance of beam alignment, provision of on-line errant and non-errant beam monitoring,
and means of construction of the beam delivery enclosure.

NOTE Particular attention-sheuld can be given to the use of novel (unproven) design of laser beam delivery, the
exposure of the beam delivery structure to external mechanical forces (e.g. vibration) which-may can give rise to
optical misalignment. Attention-should can also be given to tampering with optics or anomalous performance of
lasers| especially in regard to beam pointing, and situations where the laser power is so high that the perforfnance
of beam delivery optics is uncertain.

E.3.2.11 Location of workers

The [defined work area, in particular the minimum distance of permitted~approach to the
maclhline. Included in this consideration are overhead locations (e.g. crang.0perators, o¢ffice
workers on elevated walkways), steps and ladders in the vicinity.

E.3.24.12 Maintenance provision

This [consideration includes the means and control of access to maintenance positions
(e.g.[removable panels, key control) and the provision of interlock overrides and emergency
stopg.

E.3.2.13 Guarding properties

The assessment of FEL and PEL under normal:conditions and reasonably foreseeable|fault
condj|tions should be made for each element 6f guarding, including fixed and moveable walls
and windows.

E.3.2.14 Guarding environment

Envifonmental factors that may.influence the effectiveness of the guarding, including agcess
for fork lift trucks and other moving objects that could cause significant mechanical damagé¢ and
dusty environments that couldyadversely affect the performance of optics and/or the protgctive
properties of the guard.

E.4 | Examples of’risk assessment

E.4.1 Continuous feed of components
a) Hxample:

Lpser processing unit mounted over a conveyor belt.

b) Location.

During normal production or maintenance, access is controlled and only accessible to
authorized persons, but the area may also be unrestricted and open to observers or other
untrained personnel.

During service periods, the area may also be restricted and not open to other untrained
personnel.

c) Key issue.

The arrangement of laser guarding should include entry and exit ports to permit the feeding
of components into and out of the process zone on a continuous basis.
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d) Possible solutions.

1) Where the risks of excessive laser radiation are high:

provide interlocked sliding guard, which opens to permit entry of the component, and
closes prior to laser processing.

2) Where the risks of excessive laser radiation are medium or low (possible solutions
following the risk assessment):

provide local guarding with a brush seal to maintain enclosure during passage of
component, or

provide an open tunnel around opening(s) to restrict line-of-sight access to the laser

E.4.2

b)

c)

d)

= [ > X 90 — T m

In al

prevented from exposure to any hazard that may cause harm

xample.
atbed cutting table in laser job-shop environment.

pcation.

ey issues.

ossible solutions.

PTOCESS Zone. 1S ay beaccomplistred by (L
irect

e using a labyrinth for the component entry and exit paths in order to bleck
line of sight, or

e by the use of an interlocked barrier (e.g. light guard or fencing).or"a prespgure-
sensitive mat that is approved for safety applications, to restrict the vigwing
position in order to prevent a direct line of sight.

Flatbed laser cutting and marking

uring normal production or maintenance and servicéperiods, access is controlled and only
ccessible to authorized persons and restricted toftrained personnel only.

ccess to the table is required for loading and “unloading of sheets onto the cutting table.

Where the risks of excessive laser radiation are high (for example where hazandous
laser radiation is generated \from reflections which are present during normal
production):

provide full perimeter~guarding to protect the operator and other personnel.
Interlocked sliding-guard opens to permit passage of component and closes prjor to
laser processing.

Where the riskstof‘excessive laser radiation are medium or low (for example beam is
directed vertically onto a flat workpiece and enclosed to within a short distance qf the
workpiece);

provide free-standing guard to protect the laser operator;
provide PPE requirement for all persons within the restricted access zone.

cases, provide adequate controls to ensure unauthorized and untrained persong are

E.4.3
a) Example.

Multi-axis processing machine

Automated robotic laser welder on an automobile line.

b) Location.

During normal production or maintenance, access is uncontrolled and the area is
unrestricted and open to observers or other untrained personnel.

During service periods, access would be controlled and only accessible to authorized
persons and the area restricted and not open to other untrained personnel.
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Key issue.

A fault condition in the controller could lead to the laser beam being directed at the
guarding.

d) Possible solutions.

E.4.4 Laser guards for supervised areas

a)

b)

1) Where the risks of excessive laser radiation are high:

— provide reinforced guarding at parts of process zone enclosure indicate

2022

laser

d as

vulnerable by the risk assessment. This reinforcement may be by using an active

guard.

2) Where the risks of excessive laser radiation are medium or low:

— the elements of solution may include:

this document for direct exposure to representative laser beam;

e provide collision protection of the beam-line ‘head’;

e provide additional sensors for preventing laser emissioneyond the workpi

Bxample.

Temporary laser guards set up during service activities to exclude persons not involy|
the servicing operation.

Lbcation.

During normal production or maintenance, these laser guards would not be used
pfotective guard.

During service periods, access wouldibe controlled. The location is only accessib
alithorized persons who are trained’ in laser safety. The location is not open to
uhtrained personnel as indicated.by administrative means (e.g. warning signs).

Key issue.

Bleam direction is under administrative control.

FRossible solutions.

1) Where the risks™of excessive laser radiation are high, the elements of solution incl

— ensure Jaser guards are opaque and are capable of at least 100 s protection
the laser-beam;

— ("use trained personnel to carry out such service operations;

e provide control of the laser emission if the laser focusing head is stationary)

— entry'to the screened off area interlocked or under direct administrative control};

e provide guarding which has a verified performance being tested as desefibed in

e provide software control and hardwire limits to beam-line rotational/movement;

14
(@]
o

=

ed in

as a

le to
bther

ide:
from

</ protective laser eye wear (and possibly skin wear) to be used by all those inside the

controlled area.

2) Where the risks of excessive laser radiation are medium or low (e.g. area outside the

laser guard is cleared of personnel):
— as above, except that the protection time provided by the screen may be less

than

100 s provided the service engineer has ready access to the laser shutter control

and laser exposure of the screen provides a clearly visible indication (e.g. smo
strong discoloration).

ke or
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E.5 Aids to risk assessment

E.5.1 Considerations to be taken into account

Clause E.5 provides a list of items to be considered when assessing the risks associated with
a laser-processing machine in the design of laser guards. These details should form part of a
documented record of the assessment.

Note that this list is not comprehensive and may not include all the aspects that should be
considered.

E.5.2 Equipment
a) Lpser:

1) type;
wavelength;
CW/pulse;
pulse duration;
1P i

power (or energy);

HOWN

beam delivery output lens focal length.
b) PHrocessing machine type:
two-axis machine;
three-axis machine;
machine with more than three axes;
robot;

fume extraction fitted;

O DA WN - g o O

process zone enclosure:
— Class 1 AEL;
— other.

E.5.3 Process machine beam delivery
a) Beam delivery path-monitoring:

—_

by hardware.control;

by software control.

by -hardware control;

2

b) Beam-delivery turning mirror monitoring:
1
2

by software control.
c) Beam delivery mechanical assembly:
1) requires use of tools;
2) monitoring provided:
— by hardware control,;
— by software control,;
3) beam focus lens control assembly.
d) Free space beam delivery system.

e) Fibre optical beam delivery system.
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E.5.4 Process description

a)
b)
c)
d)
e)
f)
g9)
h)

Soldering/brazing.
Heat treatment.
Marking.

Welding.
Drilling/cutting.
Cleaning.

Forming.

2022

Hapid prototyping.

E.5.5 Process machine controls

a)

b)

d)

Flor automatic mode operation (i.e. no operator intervention):

—_

fully guarded operation.

Flor manual mode operation (i.e. where manual intervention during thé machine cy
intended):

1) fully guarded operation.

Method of process observation:

1) use of windows in the process zone enclosure;

2) use of CCTV monitoring;

3) other;

Method intended to stop the cycle if an error observed
1) emergency stop;

2) normal stop.

E.5.6 Basic description of robot (see ISO 10218-1)

b)

d)

e)

tle is

Swing range:

1) restricted space;

2) maximum space;

3) safeguarded space.

Method of limiting(range of motion:
1) bhardware control;

2) softwareseontrol.

Method.-of safeguarded space interlocking:
1) hardware control;
2)—software—controt:

Collision sensing:

1) hardware control;
2) software control.
End position control:
1) hardware control;
2) software control.
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E.5.7 Types of processed parts
a) Type of geometry:

1) plate;

2) other.
b) Type of material.

E.5.8 Part fixture
a) Automatic location and clamping:

1) by hardware control;

2) by software control.

b) Manual location and clamping.

c) Liaser beam damage potential:

1) due to reflective areas on the tooling;
2) due to surface finish of the tooling.

E.5.9 Material flow into the process zone
a) Automated continuous flow of components.
b) Manual single component.
c) Hrocess zone component access:

1) sliding door;

2) lift door;

3) rolling door;

4) tunnel;

5) other.

d) domponent feed control:
1) by hardware control;
2) by software control;
3) process zone guarding/designed to requirements of this document;

4) process zone enclosure tested to requirements of this document.

E.5.10 Process machine operator
a) Working area:
b) Ipside machine.

c) Qutside*machine.

E.5.11—Maintenance

a) Position of maintenance access doors.
b) Method of machine authorization (key controls).
c) Hold-to-run controls.
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Annex F
(informative)

Guideline for assessing the suitability of laser guards

Identification of hazards

Whe . L . .
of saFety measures because they are either not technically feasible or are not suitable-for

parti

In co
asse
meas

ular application.

The phases of machine life to be considered are:

a) in
b) c
c) O
d) s
e) ¢
f) a
g9)
h)

n

Ther
rise {
requi

F.2

F.2.1

As w

Thes|

stallation;

bmmission;

peration;

btting or process changing;

eaning;

justment;

aintenance;

ervice.

e may be conflicting requiremepis and priority should be given to those phases which

o the greatest risk. For example, the maintenance, setting and adjustment phases|
re to be given greater emphasis. The aim is to minimize total risk.

Risk assessment and integrity

General\Hazards to be identified

th otheranachinery, all mechanical hazards should be identified.

e hazards include:

a) e

Ttargterent;

b) friction and abrasion;

c) cutting;

d) shear;

e) stabbing and puncture;

f) impact;

g) crushing;

h) d

rawing in;

i) injury by compressed gas or a high-pressure fluid system.

Non-mechanical hazards may also be present.

ypes
their

risk

nsidering measures for all the hazards during each relevant phase of machine life
Esment techniques will assist in choosing the best possible combihation of safety
ures.

give
may
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These hazards include:

a) access:
1) slips, trips and falls;
2) falling objects and projections;
3) obstructions and projections;
b) handling and lifting;
c) electricity (including static electricity):

shock;

burns;
d) chemicals that are:

toxic;

1
2

c

1

2) irritant;
3) flammable;

4) corrosive;

5) explosive;

e) fire and explosion;

f) npise and vibration;
g) pressure and vacuum;

h) teémperatures (high and low);

i) inhalation of mist, fume and dust;
j) spffocation;
k) ignizing and non-ionizing radiation;

I) bjological, e.g. viral or bacterial.

Many of the safeguards, which aré adopted in order to eliminate personal harm from
mechanical hazards, will need fo-be considered in conjunction with the safeguarding ag
the mechanical hazards identified in order to minimize the total risk level.

F.2.2 Guard reliability

The greater the risk, the greater is the need to protect against it. The reliability of the g
meagure should<increase as the probability or severity of injury resulting from failure o
meagure increases. This applies to safeguards and controls in general, to interlocks a
guard materials.

non-
ainst

afety
f the
nd to

sible

The idéatification of the various hazards should be followed by a careful study of the pos

f '| | - FH £ £l lial HP | ol 4 4+l | ol + 1
allu S UT LUV TatuITS U TammuTc o wineiT Tyt iecau U aTe oSt TiazZarus vausiity mijury.—n

any

system where a failure may adversely affect safety, each component within the system should

be considered in turn. The likely types of failure and their consequences for the system

as a

whole should be taken into account. A formal method of analysis, such as Failure Modes and

Effects Criticality Analysis (FMECA) should be used when higher risks are involved. It is
necessary to consider the reliability of operating procedures when safety depends upon t
This should include both inadvertent and deliberate failure to follow procedures.

also
hem.

Guards should achieve their safety function with minimal downtime and the least reduction in

productivity. It should be recognized that production pressures or well-intended zeal could

lead

to safeguards being defeated. Designers should design and construct safeguards to make
bypassing or defeating them, whether deliberately or by accident, as difficult as is reasonably

possible.
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Annex F only considers the features of guards that directly relate to giving protection from
excessive exposure to laser radiation.

A number of special hazards should be considered associated with:

a) the type of machine;

b) the wavelength(s) of laser radiation;

c)
d)

F.2.
F.2.

The

F.2.
ISO

functjons. These parts can consist of hardware or software and they-provide the safety funa
of thg control system. They can be separate or integrated parts of the control system
perfdrmance of a safety related part of a control system with respect to the occurrence of f

number of axes of movement of the machine;

complexity of beam path.

Practical risk assessment methods
3.1 Generalized risk assessment methods

se methods are outlined in Annex E.

3.2 Risk assessment as suggested in ISO 13849-1

3849-1 deals with those parts of machinery control systems assigned to provide s

afety
tions

The
aults

is allpcated in ISO 13849-1 into five categories (B, 1, 2, 3, 4)which should be used as reference
pointp.
The ¢ategory selected, as defined in ISO 13849-1, will depend upon the machine and the ¢

to which control means are used for the protectivexmeasures.

When selecting a category and designing a safety-related part of a control system, the des

will

o O T O

)
)
)
)
)

D

The yse.of the categories as reference points and the declaration of rationale followed d

the

need to declare at least the following information about the safety-related part:

thhe category or categories selected;
the functional characteristics;

the precise role the safetyzrelated control plays in the machinery protective measure(s);

the exact limits of the safety-related control;
all safety-relevant faults considered;

those safety-relévant faults not considered by fault exclusion and the measures emp
te allow their.exclusion;

the parameters relevant to the reliability, such as environmental conditions;

the technology or technologies used.

xtent

gner

~

oyed

uring

design process are intended to allow SO 13849-1 to be used with flexibility. ISO 13

49-1

provides a clear basis upon which the design and performance of any application of the safety-

rela

ted part of the control system (and the machine) can be assessed.

The main body of ISO 13849-1 describes the process for selection and design of the safety
measures together with the characteristics of the safety functions and the fault considerations.

Annex B of ISO 13849-1:2015 is particularly useful in providing guidance on the selection of
categories including a method for risk estimation.
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F.2.3.3 ALARP

This method is intended to reduce risks to "as low as reasonably practicable" (ALARP) by means
of a structured approach to design and implementation. The main tool is to use good practice.
In this context, good practice is the generic term for those procedures for controlling risk.
Written good practice may take many forms. The scope and detail of good practice will reflect
the nature of the hazards and risks, the complexity of the activity or process and the nature of
the relevant legal requirements. Examples of written sources which may be recognized include
guidance produced by government departments, standards produced by standards-
development organizations (e.g. CEN, CENELEC, I1SO, IEC) and guidance agreed by a body
(e.g. trade federation, professional institution) representing an industrial/occupational sector.

TabIJe F.1 shows how ALARP could be applied.

Table F.1 — Application of ALARP

Project stage Elements in demonstrating that risks are
as low as reasonably practicable

Choagsing between | Risk assessment and management in accordance with good design“principles.
optiops or concepts ) . . .

Demonstrating that duty-holder's design safety principles méget fegal requirements.
Demonstrating that chosen option is the lowest risk or justification, if not the lowest risk.

Comparison of option with best practice, and confirmatjon that residual risks are no grgater
than the best of existing installations for comparable functions. Risk considered over life of
facility and all affected groups considered.

Societal concerns met, if required to consider;

Detailed design Risk assessment and management in accerdance with good design principles.
Risk considered over life of facility and’all affected groups considered.
Use of appropriate standards, cedes, good practice, etc. and any deviations justified.

Identification of practicable risk reduction measures and their implementation unless
demonstrated not reasonably practicable.

F.3 | General design

Designers of new machinery, where considering safety, should follow the general principleg laid
dowr]in ISO 12100-4+ang1SO-12400-2, also taking into account any other specialized standards
that felate to the particular machine. As a practical guide whenever practicable, hazard zones
shou|d be eliminated or effectively enclosed. If they cannot be eliminated, then suitable
safequarding should be incorporated as part of the design or made easy to incorporatel at a
later |stage.

At the design stage, arrangements should be made, where practicable, to eliminate the nefed to

expose~any hazard zones rhlring r\pnrafir\n examination gdjllefmnnf and - maintenance
SHy-RaLa-G—Z£6hR GHHHR FaHOR HHRaHoR—agHdsthehRtaReRaihRtehRahn -

Designers should take into account the ergonomics of the machinery use, i.e. they should
consider all aspects of the work situation for which the machine was intended. The objective is
to provide for laser safety while giving the optimum performance of the machine and operator.

Among the aspects to consider is the creation of a favourable environment for the operator and
others in the vicinity nearby, providing heating, cooling, lighting and, where necessary,
mechanical aids to reduce physical effort and controlling to an acceptable level the emission of
heat, light, laser radiation, noise, dust, fumes and liquids.
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The designer should be aware of the hazards identified above, and as many of these hazards
as possible should have been avoided by suitable choice of design features. Where it is not
possible to avoid these hazards, the designer should have examined the factors which influence
the magnitude of the risk and may influence the severity of the injury. Factors which may
influence the frequency of exposure and hence the probability of injury should also have been
considered.

Controls should be positioned so as to provide safe and easy operation, and there should be
ample clearance between each control and other parts of the machinery. Methods discussed in
IEC 60204-1 and IEC 61310-3 should be adopted.

For Iaser guards particular consideration should be given to:

a) djfficult situations where gaps are necessary;
b) flaps, skirts and brush seals;
c) open top enclosures;

d) jginting between panel sections and window fixings;

e) improving access (e.g. up and over doors, curtains);
f) the atmosphere inside enclosures: safe to enter (fume and excess or depletion of oxygen);
g) vjewing windows in enclosures;

h)

v
secondary (sacrificial) screens;
i) geometrical and general layout considerations;
d
d

Esign issues relating to type (wavelength) of{laser, type of beam manipulation, beam
livery, etc.

F.4 | Selection of safeguards

here access to the danger zone is*not required during normal operation of the laser-
rocessing machine, safeguards miay be selected for the following:

fixed enclosing guards;

V)
p
1
2) fixed distance guards;
3) movable guards.

V)

b) here persons require access to the danger zone, e.g. for setting, process corregtion,
aintenance or,servicing, operational safeguarding may not be fully effective. In fhese
cjrcumstances, safe-working practices such as isolation should be used, augmented where
necessary with ‘additional safeguards. The use of such practices will require planning and

discipline-by. all concerned.

c) here<access to the danger zone is required for normal operation, safeguards mgy be
selected from the following:

2) adjustable guards;
3) temporary guards.

F.5 Guard design and construction

F.5.1 General requirements for the design and construction of fixed and movable
guards

In designing the safeguarding system, the types of guard and the methods of construction
should be selected to take into account the mechanical and other hazards involved, in addition
to the laser radiation hazard. They should provide the minimum of interference with activities
during the operation and other phases of the machine life, in order to reduce any incentive to
defeat the safeguard.
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Guards should preferably be designed to follow the contours of the machine. Where this is not
possible, e.g. for maintenance or because of machine geometry, measures should be taken to
reduce the need for presence within the danger zone. Additional safety measures may be
required to protect personnel working within the danger zone. These may be provided by
safeguards and/or safe working practices.

F.5.2 Fixed enclosing guards

A fixed guard is a guard which is kept closed and in place. Not only should the guard prevent
access to hazard zones or laser radiation, it should be of robust construction, sufficient to
withstand the stresses of the process and environmental conditions.

If thel guard is capable of being opened or removed, this should only be possible with.the zLid of
a too|. Preferably the fastenings should be of the captive type.

When it is necessary for work to be fed through the guard, openings should be)sufficienf only
to allpw the passage of material but should not allow the material to get trapped. The guard in
thesg situations should also prevent access to laser radiation, meeting the requirements fqr the
prevention of human access given in IEC 60825-1.

F.5.3 Fixed distance guards

A fixg¢d distance guard is a fixed guard which does not completely enclose the hazard but which
redu¢es access by virtue of its physical dimensions andyjits distance from the hazard. An
exanjple of a distance guard is the perimeter fence surrounding a machine. This type of quard
requires extreme care in design if human access to excessive laser radiation is to be prevented.
The $urrounding guard of an open topped laser procéssing machine may be considered affixed
distaphce guard if it is sufficiently high so as to prevent human access to the laser radiatiop.

F.5.4L Movable and interlocking guards
n

An interlocking guard is a guard which is¢movable or has a movable part, and whose movement
is interconnected with the power or control of the machine.

An interlocking guard should be(so connected to the machine control that:

a) uptil the guard is closed the interlock prevents the generation of hazardous laser radiation
bl interrupting its pewer source or closing a beam shutter;

b) ejther the guard remains locked and closed until the risk of injury from the hazard has
ppssed or opening the guard causes the hazard to be eliminated before access is possible.

Interlocking riserand fall screens, which are capable of inflicting injury in the event of their falling
undef gravityy should be provided with a suitable anti-fall device. Some interlocking guardq may
be power.driven and, in such cases, adequate steps should be taken to avoid injury due tp the
movgment of the guard.

The interlocking system may be mechanical, electrical, hydraulic or pneumatic or any
combination of these. The type and mode of operation of the interlock itself should be
considered in relation to the process to which it is applied. The interlocking system should be
designed to minimize the risk of failure to danger and should not be easily defeated.

F.5.5 Adjustable guards

An adjustable guard is a fixed or movable guard which is adjusted as a whole or which
incorporates an adjustable part or parts. The adjustment remains fixed during a particular
operation. It is essential that a suitably trained person carefully carries out the adjustment.
Regular maintenance of the fixing arrangement is necessary to ensure that the adjustable
element of the guard remains firmly in place once positioned. The guard should be so designed
that the adjustable parts cannot easily become detached and mislaid.
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F.5.6 Temporary guards

Temporary guards are those that may be positioned during maintenance or service and may be
appropriate to supplement overall protection from the laser radiation hazard during the period
that permanent guards normally mounted on the processing machine are displaced or removed.
Adequate warning signs should be placed on or adjacent to the temporary guards to augment
any additional administrative protection measures to ensure the effectiveness of the temporary
guards. Procedures should be put in place to ensure that the displaced or removed permanent
guards are replaced and the temporary guards removed before the processing machine is
returned to normal operation.

F.6 | Guard construction and materials

F.6.1 General

Any guard selected should not itself present a hazard such as trapping or shear points, mough
or shiarp edges or other hazards likely to cause injury.

Guard mounts should be compatible with the strength and duty of thecguard.
Powgr operated guards should be designed and constructed so(that a hazard is not created.

ISO 14120 gives general requirements for the construction of fixed and movable guardg and
shoul|d be considered in addition to this document.

F.6.2 Materials

F.6.2.1 General

lecting the material to be used for the construction of a guard, consideration shou|d be
to the following:

ability to withstand the forces of any foreseeable hazard associated with the [laser
processing machine. The guatd may fulfil a combination of functions such as the prevention
of access and containment-of hazards. These hazards include laser radiation, ej¢cted
pprticles, dust, fumes, noise, etc. One or more of these considerations may goverh the
selection of guard materials;

b) its weight and sizé in'relation to the need to remove and replace it for routine maintenance;

c) its compatibility with the material being processed. This is particularly important in the|food
processing,orpharmaceutical industry where the guard material should not cause a sgurce
of contamination;

d) itk ability to maintain its physical and mechanical properties after coming into contac{ with
pptential contaminants generated or used during processing operations or cleaning or
sterilizing substances used during maintenance

F.6.2.2 Solid sheet metal

Metal has the advantage of strength and rigidity and in solid sheet form is particularly suitable
for guarding where adjustments are rarely needed and there is no advantage in being able to
see the working operation within the process zone. However, care should be taken to ensure
that, where necessary,

a) sufficient ventilation is provided for the guard to prevent overheating within the process
zone, and
b) the guard does not create a noise or vibration resonance.

Data is shown in Figure F.1 to Figure F.22 that will aid the selection of suitable materials that
withstand the foreseeable worst case laser radiation exposures.
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F.6.2.3 Glass

Glass is unsuitable for guard manufacture due to its tendency to rupture. However, where a
laser process is required to be observed and the material is likely to be exposed to high
temperatures or abrasive action, a safety glass, which provides adequate protection from laser
radiation (by internal absorption of the laser radiation within the material or suitable reflective
optical coatings on the surface of the guard material), may be suitable. Methods for determining
the suitability of such materials are given elsewhere in this document.

F.6.2.4 Plastics

Transparentplastiesheetmaterialsmaybeusedintaserguardingasanalterns

matefials especially where observation is required during the processing operation.

Plastic materials available for guarding purposes include polycarbonate and specially [dyed
acryl|c sheet. It is essential that these materials are selected with appropriate optical protgctive
properties for the wavelength and power of the laser source fitted to the‘ laser procegsing
macline.

The [mechanical properties of many plastics are adversely affeeted by contaminantg, by
incorfect cold working and by continuous exposure to high temperatures or UV radiation.
Cont|nuous exposure to high temperature (polycarbonate: 135 °C, acrylic sheet: 90 °C)) will
causg softening and consequently lowering of both impact strength and other optical properties.

Any lemoval of the surface material may reduce the optital protective properties of the maLeriaI
at lager wavelengths and the provision of additional\sacrificial mechanical protective layers
shoul|d be considered.

Most| plastics have an ability to hold an_ eléctrostatic charge. This can create a rigk of
electfostatic ignition of flammable materials.and can also attract dust. This characteristi¢ can
be mjtigated by the use of an anti-static preparation.

F.6.2.5 Other materials

Congrete block work may be an(ffective material for some guard construction and is frequently
used|for large CO, laser pracessing machine enclosures.

F.6.3 Supports

Guards may be fastened to independent supports or to the machinery itself. The numbef and
spac|ng of the fixings should be adequate to ensure stability and rigidity of the guard.

Whefe necessary, there should be clearances around the guard for cleaning and debris
removaly etc., provided that this clearance does not allow access to the hazard zones.

F.6.4 Cover plates

Removable panels or cover plates may be incorporated into guards to provide easy access or
improved visibility. They should be treated as part of the guarding system and may be
considered as either fixed or interlocking guards depending upon the process requirements.

F.6.5 Anthropometrical considerations

Guards should be designed and constructed with the object of preventing any part of the body
from reaching the danger zone. They should take into account the physical characteristics of
the people involved and in particular their ability to reach through openings and over or around
barriers used as guards. The best approximation of currently available data for human body
measurements (anthropometrical data) is given in4S0-45532-3 ISO/TR 7250-2.
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F.7 Other safety devices

F.7.1 Trip devices

A trip device is a device which causes working machinery to stop, or assume an otherwise safe
condition, to prevent injury when a person approaches the danger zone beyond a safe limit.
The device will be required to keep the machine in this condition while the person remains
within the danger zone unless other means of fulfilling this function are provided.

A trip device should be designed to ensure that an approach to a hazard or danger zone beyond
a safe limit causes the device to operate and the hazard to be terminated before injury can be
inflicted.

A trig device should be designed so that after it has been operated it may be reset automatjcally
or manually; restarting should then be by means of the normal start actuator. The trip device
operation should not be impaired by any extraneous influences.

F.7.2 Electro-sensitive protection equipment

Electro-sensitive protective equipment is sometimes referred to-as-intangible barriery and
operates as trip devices on the principle of detecting the approach of persons or paits of
persons into danger zones, etc. The means of detection cane-active opto-electronic, dctive
opto-electronic responsive to diffuse reflection, passivecinfra-red, capacitance, indugtive,
micrgwave, or visual intrusion. The effectiveness of the complete installation will depengd not
only pn the integrity of the electro-sensitive protective equipment, but also on the electricall and
mechanical integrity of the remaining installation, and the location of the electro-sensitive
protegctive equipment sensing device relative to the.danger zone.

F.7.3 Control systems (keys, pressure-sensitive mats, light curtains)
F.7.3.1 Captive-key systems

Gengrally a captive-key interlocking device is a combination of an electrical switch wlith a
mechanical key operated lock sectred to the fixed part of the machine. The operating 1/ey is

held |captive on the moveable, part of the guard. To open the guard, the key is turned, which
puts the switch into the "off"spesition and releases the key from the lock so that the guard can
be opened.

Somé¢ captive-key systems are made up of trapped-key interlocking systems. In a trapped-key
interlocking system“the guard lock and a switch that incorporates a lock, are separate as
oppoked to being-combined into a single unit. The essential feature of the system is that the
removable key.is trapped either in the guard lock, or in the switch lock. The lock of the guard is
arrarjged sonthat the key can be released only when the guard has been closed and lo¢ked.
This pllows,transfer of the key from the guard to the switch lock. Closing the switch traps the
key do.that it cannot be removed when the switch is in the "on" position.

F.7.3.2 Pressure-sensitive mats

Pressure-sensitive mats and floors contain sensors that operate when a person or object
applies pressure to the mat or floor. They should be subject to periodic maintenance and
inspection, since by their nature, pressure-sensitive mats are exposed to potential damage that
can result in failure.

The dimension of mats should take into account a person’s speed of approach, length of stride
and the overall response time of the protective device. Care should be taken that access cannot
be gained without actuation of the mat or floor. Account should be taken of dead surfaces within
the mat especially around their edges, when a number of mats are used together. Guidance on
the application of pressure-sensitive mats may be found in IEC TS 62046. A pressure-sensitive
mat may be appropriate to indicate the presence of a person inside the machinery and/or stop
the machinery if required.
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F.7.3.3 Light curtains

Light curtains often operate on the principle of the detection of an obstruction in the path taken
by a beam or beams of light. The intangible barrier operated by this system may consist of a
single light beam device or a number of light beam devices arranged as a curtain. The curtain
also may be created by a scanning light beam or a number of fixed beams. The light may be
visible or invisible. The requirements for the design and performance of these devices for
protective purposes are specified in IEC 61496-2.

F.8 Interlocking considerations

F.8.1 Functions of interlocks

An interlock provides the connection between a guard and the control system.of. the [laser
procgssing machine to which the guard is fitted. The interlock and the guard)with whjch it
operates should be designed, installed and adjusted so that:

a) uptil the guard is closed the interlock prevents laser emission by interrupting the laser heam
ejther by means of a beam attenuator or by removal of power from(the' laser;

b) ejther the guard remains locked closed until the risk of injury-from the hazard has [peen
removed, or opening the guard causes the hazard to be-eliminated before acceps is

ppssible.

Care|should be taken to ensure that actuation of an interlock installed to protect against one
hazafd does not create a different hazard.

F.8.2 Interlocking media

The four media most commonly encountered indnterlocking are electrical, mechanical, hydfaulic
and pneumatic. Electrical interlocking, particularly in control systems, is the most common| The
princjples of interlocking apply equally toiall media. Each has advantages and disadvantages,
and the choice of interlocking medium will depend on the type of laser processing machine and
the method of access to hazard zones.

Somg interlocking systems havé._more than one control channel, e.g. dual control systems. It is
often| advantageous to designjthese systems so that similar failures in both channels from the
samg cause (common cause failures) are minimized.

F.8.3 Common interlocking methods
F.8.3.1 Guard'locking power interlocking

With |guard-locking power interlocking, the power medium is interrupted directly by a gingle
devide which is arranged so that:

a) thedevice physicatty prevents—theguard—frombemgopened-whitethe—powermedium is
uninterrupted,;

b) the device is physically held by the guard in the position which is interrupting the power
medium when the guard is open.

F.8.3.2 Interlocking guard power interlocking

With interlocking guard power interlocking, the power medium is interrupted directly by a single
device that is automatically operated by movement of the guard. The guard and device should
have been arranged so that the power medium is interrupted as the guard is opened, and
remains interrupted while the guard is in any position other than closed.
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F.8.3.3 Dual-control system interlocking with cross monitoring

In dual-control system interlocking with cross-monitoring, there are two separate power
interrupting devices, each capable of interrupting the power medium. The devices should be
arranged in series, so that the operation of either will result in the interruption of the power
medium. These are operated by individual devices actuated by the guard.

The power interrupting devices should have been monitored so that the failure of either their
control systems or the interrupting devices themselves, to respond to the control system signal
will be immediately detected and a further operating cycle of the laser processing machine
prevented. The circuitry of each power interrupting device, including its operating device, should
be kgptphysicatty separatedasfaras s practicabte; toreduce theprobabitity of the-mtertorking
systgm failing to danger as a result of common cause failures.

F.8.3.4 Dual-control system interlocking without cross monitoring

Dual{control system interlocking without cross-monitoring follows the same principles as {hose
descfibed above but without the facility to monitor automatically the correct:functioning qf the
two gower interrupting devices.

In th¢ absence of automatic monitoring, it is possible for either interlocking channel to fail to
danger and for the fault to remain undetected, which then reduces the integrity of the sylstem
to that of single-control system interlocking. For dual-control system interlocking without cfoss-
monitoring to function effectively, however, it is important that a regular check is carried qut to
ensufe that both channels are working correctly. The frequency of checking will depend op the
reliability of the components used and the conditions under which the interlocking system is
operating.

F.8.3.5 Single channel system interlocking

Singlie-control system interlocking employs\an interlocking device which indirectly interrupts the
powgr medium by operating a single power interrupting device via a control system. It doefs not
have|a high level of integrity because-of the greater possibility of single component failyre in
the siystem causing the whole systemto fail to danger. The system, therefore, should have peen
designed and installed using thexminimum number of components.

The $ystem should be inspected and tested regularly and any worn or damaged components
replajced or repaired.

F.8. Failures.of-interlocking systems
F.8.4.1 Geneéral

Interlocking-systems should be designed to minimize the possibility of the interlocking syjstem
as a whol€ to fail to danger.

As power supplies frequently fail, components relying on the power supply for their functioning
should be installed so that power loss minimizes failure to danger of the system as a whole.

F.8.4.2 Types of failure
The most common types of failure from which an interlocking system may suffer are:

a) failure, interruption or variation of externally supplied power;

b) open circuits in electrical systems;

c) mechanical failure, e.g. breakage or seizure;

d) malfunction due to electrical environment, i.e. mains borne or radiated disturbance;
e) malfunction due to vibration;
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f)
g)

h)

Compmon cause failures may typically result from:

a)

b)
c)

F.8.5 Security of interlocking systems

malfunction due to power supply contamination;

earth faults, i.e. accidental connection of a conductor to earth causing, for example,
unexpected start-up or failure to stop;

other single component failures leading to change of characteristic or loss of function;
cross-connection failures causing, for example, unexpected start-up or failure to stop.

Measures can be taken to minimize the consequences of single failures in interlocking
systems. These may include the use of additional control or monitoring circuits. However,
the system as a whole can still fail due to multiple undetected failures, e.g. common cause
failures or undetected failures followed by further failure.

ekternal environment e.g. contamination from dust, electrical disturbances;~extfreme
temperatures, vibration or radiation;

cpmponents from a substandard batch being used in each channel;

damage due to localized fire or impact.

The gecurity of an interlocking system can be improved by avoiding motives for its defeat ahd/or

by mpking defeat more difficult.

The {lesign of the safeguarding system should have taken-full account of the need for hyiman

interyention in the machine during any phase of its life:

Wayg in which defeat may be made more difficult include:

a)
b)

F.8. Integrity of interlocking systems

the use of interlocking devices or systems.Wwhich are coded;

physical obstruction or shielding of thelinterlocking device while the guard is open.

The integrity of an interlocking system will depend not only on the direct effects of failurges or
defeats, but also whether or not-those failures or defeats lead to damage to other components
or inferconnections within the)system. Therefore, an important consideration should be dircuit

protection.

Othef basic criteria for improving the integrity of an interlocking system include:

a)
b)

c)

d)
e)

cprrect installation;

gpod quality, high integrity components, protected to withstand the environment (inclyding
ppssible reflections of laser energy) and rated for the duty they have to perform;

inimizing by design, manufacture and correct installation, the probability of an earth|fault
occurring;

minimizing failure to danger;

minimizing defeat.

F.8.7 Choice of interlocking system

Interlocking systems should be selected for particular applications taking account of:

a)
b)
c)

the frequency with which approach to the danger zone is required;
the probability and severity of injury should the interlocking system fail;
the resources required to reduce the risk of injury.
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8 Electrical considerations

2022

Electrical control systems can fail in ways that could result in hazardous situations. Particular
attention should be paid to minimizing the probability of this occurring. IEC 60204-1 gives
guidance.

Devices should be selected only from those where the performance, as stated by the
manufacturer, is suitable for the specific safety application. The following performance data

sho
a)
b)
c)
d)

uld be considered:

resistance to environmental conditions;

life evaluation;
duty rating;
reliability.

Proximity switches which rely solely on the presence or absence of metal for their actuatio

not

care

g’FneraIIy suitable for interlocking duties because they can be easily defeated. Howeve
ul design, these devices can be incorporated into difficult to reach or small assem

Extrgme care-must needs to be taken to prevent the devices being,/defeated and sui
redundancy used to prevent common cause failures resulting in an-overall failure to dang

F.8.
F.8.

MecH

can

9 Mechanical considerations

9.1 Interlocking devices

ake various forms but will generally perforin the same function. They will usual

n are
with
Dlies.
ftable

er.

anical devices for connecting guard movementwith the machine power or control sylstem

y be

arrarjged so that operation of the guard and thémachine can only be carried out in a cqrrect
safe pequence.

F.8.
Unli

9.2 Mechanical interlocking methods

kie electrical, hydraulic or pneumatic systems, it is unusual for mechanical systems

othel than a single-control system.

The

a)
b)
c)

:[asic elements of single=control system interlocking are:

—

e actuating device‘operated by the guard;

nterposed mechanical linkages, if any;

other hazard.

RedJcing the number of interposed linkages reduces the probability of the system faili

dan

F.8.

F.8.

ger:

o be

the device forpreventing the emission of laser radiation or preventing the power tq any

hg to

10 Pneumatic and hydraulic considerations

10.1 Interlocking devices

Devices used for interfacing guard movement include:

a)
b)
c)
d)

cam-operated valves;
captive-key valves; tap-key control of pneumatic valves;
pneumatic jet detection valves;

pneumatically or hydraulically operated locks.
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When valves are selected for safeguarding applications, the valve operating parameters
(pressure, temperature, etc.) and reliability should be suitable for the environment and the duty
envisaged.

F.8.1

0.2 Pneumatic or hydraulic interlocking methods

In general, interlocking methods as described in F.8.3 are applicable. These methods include:

a) single-control system interlocking;

b) d

ual-control system interlocking with or without cross-monitoring;

C) pewer |nfnr|r\r\|{|ng

All piping, hoses, etc., between control valves and interlocks should be suitable for the\fluig and

oper
nece
seled
systeg

F.9

F.9.1

The s
In a
expe

F.9.2
If a g

use
cons

F.9.3

Guar

ting environment, correctly sized and rated for maximum flow and pressure and, W
ssary, further effectively protected and securely mounted. Pipework fittings’ shou
ted to ensure their integrity does not compromise the overall integrity of\the interlo
m.

Environmental considerations

Environment

election of a safeguard should take into considerationthe environment in which it is
hostile environment it should be capable of withstanding the conditions likely
Ffienced and should not of itself create a hazard, as a result of that environment.

Corrosion

uard is likely to be exposed to a corrgsion risk, special measures should be taken
of corrosion-resistant materials or) corrosion-resistant surface coatings shoul
dered.

Hygiene and guard design

safe
unaf

F.9.4 Mist, fiimes and dust

Whe
contd
vapo

SO disigned that they are not only safe to use but can be readily cleaned. Materials use

uards should be non-toxic, non-absorbent, shatterproof and readily cleanable an
cted by the materijal being processed or by cleaning or sterilizing agents.

e the_proecess gives rise to hazardous or objectionable levels of vapours, fumes or
inmeént or suitable extraction equipment should be provided. The levels of exposu
s fume or dust should conform to the occupational exposure limits and occupat

here
d be
cking

sed.
o0 be

The
i be

ds used in certain industries, notably for processing of food or pharmaceuticals, should be

d for
d be

dust,
re to
ional

. toandard for | | nieal f orbhaoton hazardai: + h 1
urc oudriiudiuo 1TUT TuLudl UUTIUTUT UT ouuoldliuvC o T1dLailruuuo tu 1icaiat.

expo

F.9.5

Noise

Consideration should be given to noise reduction when designing safety enclosures and guards.
It is often possible for guard enclosures to be designed to serve a dual purpose of protecting

against laser radiation hazards together with mechanical hazards and

emissions. Guards should not add to the noise levels because of poor design or fixing.

reducing noise
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Installation consideration — Environmental factors — Services

F.10.1 Lighting

When considering the lighting in relation to the laser processing machine the following aspects

affec

t the safety of the people involved:

a) the direction and intensity of the light;

b) the contrast between the background and local illumination;

c) the colour of the light source;

e) t
F.10

Serv
not p
expo

F.11

F.11

The
effec

Ther

is maintained. The routine inspection of safeguards should be made as part of a pl

main

F.11

By w
of la
meta
laser|
the

d) rIerctlon, glare and shadows;

e visual wavelength transmission characteristics of viewing windows.
2 Cables and pipes

pssible, provided with covers of adequate strength and capable of tolerating laser radi
sure under foreseeable fault conditions.

Maintenance and service considerations

1 Operational maintenance of safeguards

maintenance of safeguards, once they are taken(into use, is essential to their conti
fiveness.

b should be regular inspection of safeguards'to ensure that the requisite standard ofsl
a

enance programme.

2 Properties of laser guard-materials

by of illustration, Figure F.#to Figure F.22 provide some experimentally-determined
ber beam power and beam diameter for burn-through times of 10 s or 100 s for va
| sheets: the sheets were mounted vertically and the front surface painted black; an

aterial in its path(e.g. by melting, vaporization, ablation) and the data should be t

ce pipes and cables should either be placed outside of the process zonesor, when this is

ation

nued

afety
nned

imits
rious
d the

beam was horizontal. Burn-through time is the time taken for the laser beam to remove

aken

only ps a guide, sincé values can vary widely depending on the beam parameters (incliiding

wavelength and beam profile) and the condition of the guard surface.

The [performance of a laser guard may also be dependent on its particular design
applicatignj*and it is recommended that the suitability of a laser guard design is verifie
adegpate-performance testing.

Some examples of various guard materials are shown in Figure F.1 to Figure F.22.

Figure F.1 — 1 mm thick zinc coated steel sheet for CW CO, laser

Figure F.2 — 1 mm thick zinc coated steel sheet for CW CO, laser

Figure F.3 — 2 mm thick zinc coated steel sheet for CW CO, laser

Figure F.4 — 2 mm thick zinc coated steel sheet for CW CO, laser

Figure F.5 — 3 mm thick zinc coated steel sheet for CW CO, laser

Figure F.6 — 3 mm thick zinc coated steel sheet for CW CO, laser

Figure F.7 — 2 mm thick aluminium sheet for CW CO, laser

and
d by
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Figure F.8 — 2 mm thick aluminium sheet for CW CO, laser

Figure F.9 — 1 mm thick stainless steel sheet for CW CO, laser
Figure F.10 — 1 mm thick stainless steel sheet for CW CO, laser
Figure F.11 — 6 mm thick polycarbonate-stee} sheet for CW CO, laser
Figure F.12 — 6 mm thick polycarbonate-steel sheet for CW CO, laser

Figure F.13 — 1 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figure F.14 — 1 mm thick zinc coated steel sheet for CW Nd:YAG laser

Figuwwwrm—ew—wwm—
Figude F.16 — 2 mm thick zinc coated steel sheet for CW Nd:YAG laser

Figude F.17 — 3 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figune F.18 — 3 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figune F.19 — 2 mm thick aluminium steel sheet for CW Nd:YAG laser
Figude F.20 — 2 mm thick aluminium steel sheet for CW Nd:YAG laser
Figune F.21 — 1 mm thick stainless steel sheet for CW Nd:YAG laser
Figure F.22 — 1 mm thick stainless steel sheet for CW Nd:YAG laser

|:| No burn-through

. Potential burn-through
50

40 -

Spot size (mm)

30

0 1 2 3 4 5
Laser power (kW)

IEC

Figure-F.1 — Damage resistance of 1 mm thick zinc coated steel
sheet derived from 10 s exposure to a defocused beam
during experiments using a CW CO, laser
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D No burn-through

. Potential burn-through
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a0l
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30

0 1 2 3 4 o

Laser power (kW) IEC

Figure F.2 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through
. Potential burn-through

50
3
E
S 40
(7]
S
Q
]
30 | 4
0 1 2 3 4 5

Laser power (kW) EC

Figure F.3 — Damage resistance of 2 mm thick zinc coated steel sheet
derived‘from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

[ ] No burn-through

. Potential burn-through
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40|

Spot size (mnf)
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0 1 2 3 4 5
Laser power (kW) IEC

Figure F.4 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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|:| No burn-through

. Potential burn-through
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Figure F.5 — Damage resistance of 3 mm thick zinc coated steél sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through

. Potential burn-through
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Figure F.6 — Damage resistance of 3 mm thick zinc coated steel sheet
derived-from 100 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through
. Potential burn-through

50
£
£
S 40
2]
°
Q
n

30 |

0 1 2 3 4 5
Laser power (kW) IEC

Figure F.7 — Damage resistance of 2 mm thick aluminium sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser
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[ ] No burn-through

. Potential burn-through
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Figure F.8 — Damage resistance of 2 mm thick aluminium sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through

. Potential burn-through
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Figure F.9 — Damage resistance of 1 mm thick stainless steel sheet
derivedifrom 10 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through
. Potential burn-through

Spot size (mm)

3 4
Laser power (kW)

Figure F.10 — Damage resistance of 1 mm thick stainless steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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D No burn-through
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Figure F.11 — Damage resistance of 6 mm thick polycarbonate sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

D No burn-through
. Potential burn-through

[$)]
o

Spot size (mm)
D
o

30
2 3 4 5

Laser power (kW) IEC

Figure F.12 — Damage resistance of 6 mm thick polycarbonate sheet
derived'from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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|:| No burn-through

. Potential burn-through

Spot size (mm)
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Laser power (kW) IEC

Figure F.13 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laseér

D No burn-through
. Potential burn-through
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Figure F:14 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.15 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laseér

[ ] No burn-through

[l Potential burn-through
80

60 |-

50 |-

Spot size (mm)

40 |-

30 |-

0 2
Laser power (kW) IEC

Figure‘F.16 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.17 — Damage resistance of 3 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamduring
experiments using a CW Nd:YAG laser
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Figure F.18 — Damage resistance of 3 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.19 — Damage resistance of 2 mm thick aluminium sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laser
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Figure F.20 — Damage resistance of 2 mm thick aluminium sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.21 — Damage resistance of 1 mm thick stainless isteel sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figufe F.22 — Damage resistance of 1 mm thick stainless steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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G.1

Annex G
(normative)

Guided beam delivery systems

General

Annex G addresses the arrangement, installation and use of guided beam delivery systems.

Anne

a) €

r

[«

b) c

c) nmedical applications.

x G is not applicable to

mbedded beam delivery components an@, systems inside the protective housing 9
ser radiation generator;

bmmunications applications;

laser
r the
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laser
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G.2 | General requirements

G.2.1 General considerations

The fisks associated with the hazards relevant to\the beam delivery systems shall be asss¢
as part of the overall requirements for risk assessment of the machine. The principles fo
assegsment given in ISO-44424-14 12100 shall be used in carrying out this assessment.
assessment shall determine the acceptableilevel of risk and the necessary protective meas
for pprsons who can be exposed to thése hazards, while maintaining an acceptable lev
perfgrmance of the machine.

a)

b)
c)

d)

Haerds can result from, but aré not limited to, the following causes:

failures, faults or damagein the protective housing or other mechanical protective meas
incorporated in thec<beam delivery system resulting in the inadvertent emission of
radiation from thelprotective housing;

failures or faults in the beam path components resulting in damage to the protective ho
of other protective devices;

failures -or_faults in the associated equipment or controls resulting in injury or malfun
or failure of the safety functions of the laser processing machine;

failutes or faults from reasonably foreseeable misuse or abuse resulting in the inadve

ssed
I risk
This
sures
el of

sures
laser

ising

ction

rtent

emission ot laser radiation rrom the protective housings.

The engineering and administrative controls adopted are a combination of the measures
incorporated at the design stage and include those instructions to be followed by the user.

Design shall be the first consideration in the reduction of risks. Where this is not sufficient to
eliminate risks to a negligible level, additional safeguarding and safe working procedures shall
be considered.

NOTE Examples of risk assessments and potential solutions for risk reduction measures are shown in Clause G.5.

G.2.2 Protective housing

The requirements for protective housing are specified in 6.2.1 and 6.2.2 of IEC 60825-1:2014.
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G.2.3 Access panels and safety interlocks for beam delivery systems using free
space transmission

The requirements for access panels and safety interlocks are specified in
IEC 60825-1:2014, 6.3.

A safety interlock shall be provided for access panels of protective housings of free space beam
delivery systems that may include beam shaping and beam switching components when:

a) the access panel is intended to be removed or displaced during maintenance or operation
of the laser processing machine, and

b) tyte removal of the panel gives access to laser radiation levels designated by "X" in Tabjle 13
of IEC 60825-1:2014.

The gafety interlock shall be part of a design that prevents the removal of the panel untjl the
accegsible emission levels are below the AEL defined above. Inadvertent (resetting of the
interlock shall not in itself restore emission values above the limits specified/in,5.3.

If a deliberate override mechanism is provided, the requirements in 6.3°2-0f IEC 60825-1:2014
shalllapply.

All sgfety interlocks, safety monitoring devices or associated safety-related control circuits|shall
meet|the requirements specified in ISO 12100-2 and IEC 61508/(all parts) or ISO 13849-1 with
respgct to the general requirements for guards togetherywith the requirements related to
interlock devices and safety monitoring devices and their application in safety-related cgntrol
circults.

G.2.4 Safety interlocks for beam delivery systems using fibre optic cables or other
beam waveguides

Removal or displacement of a fibre opticieable (or other form of beam waveguide) in a heam
delivery system shall be allowable only.under at least one of the following conditions.

a) With the use of a key or tool:at the point of connection to allow access, removjal or
displacement of the fibre optic-cable by skilled or trained persons.

b) With the prevention of €mission from the fibre optic cable by the termination of emigsion
om the laser prior to access to the fibre optical cable end on the removal or displacement
of the fibre optic cable: This may be accomplished by the use of interlocks at the interfaces
that can be displaced.

—h

c) Hemoval or disSplacement of the fibre optic cable without the use of a key or special todl and
ithout thedermination of laser radiation emission from the laser shall be possible only when
other protective measures are provided to ensure that personnel are not exposed to [laser
radiation-that will cause injury. These protective measures shall be clearly described in the
user instructions together with the necessary procedures for their use.

When a safety interlock is used, removal of the protective housing shall not permit human
access to accessible emission levels above the applicable AEL in Table 13 of
IEC 60825-1:2014. Inadvertent resetting of the interlock shall not in itself restore emission
values above the applicable AEL in Table 13 of IEC 60825-1:2014. These interlocks shall be
failsafe or redundant and conform to the requirements in the applicable IEC product standard.

If a deliberate override mechanism is provided, the requirements of 6.3.2 of IEC 60825-1:2014
shall apply.

All safety interlocks, safety monitoring devices or associated safety-related control circuits shall
meet the requirements specified in ISO 12100-2 and IEC 61508 or ISO 13849-1 with respect to
the general requirements for guards together with the requirements related to interlock devices
and safety monitoring devices and their application in safety-related control circuits.
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G.2.5 Environmental conditions
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All beam delivery systems shall meet the safety requirements defined in Annex G under all
expected operating conditions and foreseeable abuse and misuse appropriate to the intended
purpose of the laser processing machine. Factors to be considered shall include:

a)
b)
c)
d)

G.3 | Verification of safety requirements or protective measures
Gengral conformance with the requirements of Annex G shall be verified by visuallinspec

Corregct functioning of control devices shall be verified in accordance with” functional
specified by the manufacturer.

Verifjcation procedures relating to laser radiation levels shall conform’'to IEC 60825-1.

Verif{cation of the information for the user shall be confirmed by visual examination ¢
handpooks and any other relevant information.

G.4 | Information for users

G.4.1 Technical documentation

In addition to the requirements of other standards that are used in the manufacture of the
procgssing machine, the following information shall be supplied.

b)

the intended environment of use;
climatic conditions (temperature, relative humidity, etc.);
anticipated vibration and shock;

electromagnetic interferences.

Relevant safety-related documentation and details of safe installation and use of the
delivery system. This shall, where appropriate, include:

1) a clear, comprehensiverdescription of the beam delivery system, its installation
mounting and any connection to the host equipment safety-related controls;

electrical supplytand other control requirements;

laser radiatian jperformance limitations;

2
3
4) informationion the relevant physical environment.
R

elevant( safety-related documentation for maintenance and servicing proceq

adjustmient, maintenance, replacement and repair, particularly of the protective device

ion.

tests

f the

laser

peam

and

jures
n the
5 and

aEsociated with the beam delivery system. This information shall include guidance o

cpntirol for use by authorized service personnel.

List of recommended spare parts for use by authorized service personnel.

A description (including interconnection diagrams) of the safeguards, interlocking functions
and interlocking of guards. This description shall include situations when removal or
displacement of the fibre optic cable without the use of a key or special tool and without the
termination of laser radiation emission from the laser shall be possible and when other

protective measures are provided to ensure that personnel are not exposed to
radiation that will cause injury. These protective measures shall be clearly desc
together with the necessary procedures for their use.

laser
ribed

e) A description of the means provided, where it is necessary, to suspend the safeguarding.

G.4.2 Labelling

Access panel warning labels shall be fitted as required and described in Clause 7 of
IEC 60825-1:2014.
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G.5

Examples of risk assessments are shown below together in Table G.1 and Table G.2 with
potential solutions for risk reduction measures. The list is not comprehensive and alternative
technical measures (that may have identical or improved efficiency) for risk reduction can be

considered.

Examples of risk assessments

- 71 -

Table G.1 — Beam delivery systems using free space beam delivery systems

Use, reasonably
foreseeable misuse or

Failure mechanism

Hazard

Example of risk reduction

abuse

Beam directed through
beanp switching device.

Beam switch emits the
laser beam partly or
wholly guided to an
unexpected beam
delivery system.

Laser radiation above
accessible emission limit
(AEL) of Class 1 at
unexpected beam
delivery system.

Design the beam.Switching
device to avoid this.

Bearp directed through
beam switching device.

Beam switch not in
proper position — laser
beam partly or wholly
guided to unexpected
beam delivery system.

Laser radiation above
AEL of Class 1 at
unexpected beam
delivery system.

Monitor. the beam switching
device and interlock to

ensure the beam switch
components are in the

correct positions.

Bearph being propagated
throdgh the free space
beam path protective
housling.

Mirror or lens damage,
breakage or
contamination leading to
higher degree of
scattered radiation that
may cause deformation
of components in the
beam delivering system.

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system!

The beam delivery
protective housing to bg
able to tolerate the
foreseeable exposure limit
(FEL) (as defined in 3.11)

as a passive laser guarf, or

dse consider using a
correctly designed actiV
guard-censidered.

[¢)

Consider apertures to
reduce the amount of
radiation scattered fron] a
defective mirror, or limi
radiation scattered as g
result of misalignment.

Monitor the local
temperature of vulnerable
beam delivery compongnts.

Bearph being propagated
throdgh the free space
beam path protective
housling.

Mitror breakage leading
to“excess heating by the
laser beam resulting in
the deformation of
components in the beam
delivering system.

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system.

The beam delivery
protective housing to bg
able to tolerate the FEL as
passive laser guard, orjuse
consider using a correctly
designed active guard
Sl

Consider apertures to
reduce the amount of
radiation scattered fron| a

dﬁl’ﬁb“vﬁ IIIiIIUI, U1 iillli
radiation scattered as a
result of misalignment.

Monitor the local
temperature of vulnerable
beam delivery components.

Beam being propagated
through the free space
beam path protective
housing.

Mechanical deformations
of protective housing.

(Damage or deformation
due to external forces
great enough to
temporarily or
permanently distort the
physical configuration.)

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system.

The beam path protective
housing designed to
tolerate reasonably
foreseeable mechanical
forces, or provide an
alternative active guard.
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Use, reasonably
foreseeable misuse or
abuse

Failure mechanism

Hazard

Example of risk reduction

Beam being propagated
through the free space
beam path protective
housing.

Displacement of the
protective housing due to
vibrations etc. that may
cause the beam delivery
system break-up.

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system.

The use of well-tried proven

design methods that
tolerate foreseeable
operating stresses and

widely used with successful

results in similar
applications.

Conduct regular inspection.

Beam being propagated

Misalignment of mirrors.

The beam exposing the

The use of well-tried proven

throdgh the free space
beam path protective
housling.

protective housing to
levels higher than its
protective exposure limit
(PEL) (as defined in
3.21).

design methods that
tolerate foreseeablée
operating stresses‘and
widely used with‘succe
results in similar
applications.

Prevent misaligned bea
from propagating furthe
the’ beam delivery systq

Ilhcorporate apertures a
baffles/barriers to restri
propagation.

Restrict the number an
extent of adjustments.

are
sful

rin
m.

nd
ct

Bearph being propagated
throdgh the free space
beam path protective
housjing.

Unclear identification of
beam delivery
components resulting in
incorrect parts being
installed and subsequent
damage of both the parts
themselves and other
parts of the machine or
workpiece.

Laser radidtion above
AEL of €lass 1 from
openings'in beam
delivery system.

Damage to associated
parts of the machine.

Ensure that all beam
delivery system
components and parts &
labelled to allow easy
identification.

Provide adequate
instructions to minimize
risk of using incorrect p|

the
arts

or of incorrect assembly or
adjustment.
Incorporate interlocks tp
prevent incorrect parts pr
assembly.
Incofrect mounting of Human_error. Laser radiation above Provide adequate
beanp shaping optics. AEL of Class 1 (by instructions to minimizeg the
escaping the protected risk of using incorrect pjarts
laser area, or exceeding or of incorrect assembly or
the laser guard PEL). adjustment.
Conduct regular
inspections.
Dampge of beam From collision with Laser radiation above Ensure that all beam
shapling optics. workpiece, overheated AEL of Class 1 (by delivery system
optics due to escaping the protected components and parts gre
contamination or cooling laser area, or exceeding labelled to allow easy
water failure. the laser guard PEL). identification.
Provide adequate
instructions to minimize the
risk of using incorrect parts

or of incorrect assembly or

adjustment.

Incorporate interlocks or

mechanical location keys to
prevent the use of incorrect
parts or incorrect assembly.

Monitor the local

temperature of vulnerable
beam delivery components.
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Table G.2 — Beam delivery systems using fibre optic cables

Use, reasonably
foreseeable misuse or
abuse

Possible failure
mechanism

Hazard

Examples of risk
reduction

Beam directed through
beam switching device.

Beam switch "leaks" —
laser beam partly or wholly
guided to unexpected
beam delivery system.

Laser radiation above AEL
of Class 1 at unexpected
beam delivery system.

Design the beam switching
device to avoid this.

Beam directed through
beam switching device.

Beam switch not in the
correct position — laser
beam partly or wholly

Laser radiation above AEL
of Class 1 at the
unexpected beam delivery

Monitor the beam
switching device and
interlock to ensure the

guided 10 uhexpecied
beam delivery system.

EVELIUE

beamswitchtompomngnts

are in the correct

positions.
Bean) being coupled into Damage (i.e. thermal) to The coupling optical The coupling)optical
fibre. coupling optics. components or assemblies | components or assemplies
overheat to a degree to be designed to hanfle
where it damages or power passively.
deforms, resulting in either
leaking radiation or the Interlock of the beam.
production of errant Monitor component
beams. temperature and inter{ock
into the control system.
Beanj) being coupled into Damaged fibre at the input | Fibre connector heats up Fibre connector desighed
fibre. surface. to a degree wherevit to handle power passively.
deforms and laser .
radiation jis,not correctly Introduce beam monitpring
coupled-ito the fibre. schemes and interlock into
the control system.
Bean} reflected from a Damaged fibre at the Fikre output connector Fibre connector desighed

work [piece or target being
coupled back into fibre.

output surface and
subsequent burn back or
fusing of the fibre.

heats up to a degree
where it deforms and the
fibre optic cable may be
damaged.

to handle power passively.

Introduce beam monitpring
schemes and interlocks
into the control system.

Beany in fibre optic cable.

Breakage due to
mechanical forces on the
fibre.

Laser radiation above AEL
of Class 1 emitted from a
broken fibre to the
surrounding environment.
Possible fire hazard.

Fibre to be put inside
protective cover that
protects from mechanjcal
forces in the operatin
environment and poteptial
misuse/abuse.

Use the protective hojising
to limit excessive twisf.

Provide strain relief a{ the
optical fibre terminatigns
to minimize bending and
twisting.

Make the protective
housing an active guard
linked into the control

system-{seeEC60835-4).

Monitor component
temperature and interlock
into the control system.



https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

— 74—

IEC 60825-4:2022 RLV © IEC 2022

Use, reasonably
foreseeable misuse or
abuse

Possible failure
mechanism

Hazard

Examples of risk
reduction

With the laser beam being
directed through the fibre
optic, the fibre is subjected
to repetitive flexing.

Breakage due to fatigue.

Laser radiation above AEL
of Class 1 emitted from a
broken fibre to the
surrounding environment.

Design the protective
housing to restrict the
bending radius to prevent
fibre breakage.

Provide strain relief at the
optical fibre terminations
to minimize bending and
twisting.

Design a reinforced

protective housing to pe
able to tolerate the-lager
radiation of the-inner
surface at the protective
housing. Make the

protective housing an
activefguard linked in
the tontrol system-(ss

® O

With fhe laser beam being
direcfed through the fibre
optic] the fibre is subjected
to repetitive flexing.

Breakage due to other
than mechanical forces
(optical degrading, first
pulses, etc.).

Laser radiation above AEL
of Class 1 from a broken
fibre to the surrounding
environment.

Phe protective housing to
be able to retain the laser
radiation of the inner
surface of the protective
housing without
breakthrough.

Make the protective
housing an active guard
linked into the control

system-{seetEC-60835-4).
Uncopnected fibre at the Human error. Laser radiation being Interlock the fibre
outpyt of the fibre optic emitted in an undefined interface/connector.

cabldg emitting laser
radialion from the laser.

Uncohnected fibre at the
input|of the fibre optic
cablg emitting laser
radiajion from the laser.

Mechanical loosening of.
fixings due to incorrect
assembly or vibrations, for
example.

and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

Ensure that the fixing
associated tools used|to
mount/dismount fibre
interface are adequat¢.

Minimize the requirement
for the interface to be
interfered with.

Restrict this activity td
service work carried qut by
skilled and authorized
personnel with specia
training.

Design a reinforced Igser
guard.

Incorfect mounting of
bean] shaping optics.

Human error.

Laser radiation being
emitted in an undefined
and uncontrolled direction
leading to potential

Ensure design is
adequately robust. Ensure
instructions are sufficlent

for adjustments to be

exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

made securely.

Recommend inspection
intervals.

Damage of beam shaping
optics.

From collision with
workpiece, overheated
optics due to
contamination or cooling
water failure.

Laser radiation being
emitted in an undefined
and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

Design considerations to
include the complete laser
guard. Provide collision
protection or interlocks.
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Use, reasonably
foreseeable misuse or
abuse

Possible failure
mechanism

Hazard

Examples of risk
reduction

Multiple fibres — mix of
fibres.

Human error.

Laser radiation being
emitted in an undefined
and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

Orientate, mechanically
interlock or clearly and
indelibly mark fibre optic
cables.

Ensure instructions are
clear and unambiguous.

If the fibre optic cables
transmit the laser beam to
separate laser guarded

enclosures, interlock the
enclosure together-with
the fibre optic eable.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -
Part 4: Laser guards

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern
coloperation on all questions concerning standardization in the electrical and electronic fields. Ao this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Techhical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
préparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizat
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as neafly as possible, an interng
copsensus of opinion on the relevant subjects since each technical commitiee has representation fr.
interested IEC National Committees.

IEC Publications have the form of recommendations for international\us€ and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to’ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forsthe<“way in which they are used or fdg
miginterpretation by any end user.

In|order to promote international uniformity, IEC Nationalk Committees undertake to apply IEC Publid
tragnsparently to the maximum extent possible in their national and regional publications. Any divergence bg
anl IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to0 IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificationbodies.

Alllusers should ensure that they have the latést edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’|IEC National Committees for any personal injury, property dam
othher damage of any nature whatsgever, whether direct or indirect, or for costs (including legal fee{
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othq
Pdblications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

At{ention is drawn to(the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall nét be held responsible for identifying any or all such patent rights.

IEC 60825-4/has been prepared by IEC technical committee 76: Optical radiation safety
laser|equipment. It is an International Standard.

This | ‘third edition cancels and replaces the second edition published in 2
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Amendment 1:2008 and Amendment 2:2011. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Significant amendments have been included and this edition has been prepared for user

convenience.
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INTRODUCTION

At low levels of irradiance or radiant exposure, the selection of material and thickness for
shielding against laser radiation is determined primarily by a need to provide sufficient optical
attenuation. However, at higher levels, an additional consideration is the ability of the laser
radiation to remove guard material — typically by melting, oxidation or ablation; processes that

could

lead to laser radiation penetrating a normally opaque material.

IEC 60825-1 deals with basic issues concerning laser guards, including human access,
interlocking and labelling, and gives general guidance on the design of protective housings and

enclasures for high-pnwpr lasers

Lasef

is no

guards may also comply with standards for laser protective eyewear, but such compl
necessarily sufficient to satisfy the requirements of this document.

ance

Where the term "irradiance" is used, the expression "irradiance or radiant exposur¢, as

appropriate" is implied.
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SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

1 Scope

2022

This part of IEC 60825 specifies the requirements for laser guards, permanent and temporary
(for gxample for service), that enclose the process zone of a laser processing machine

spec

This

fications for proprietary laser guards.

document applies to all component parts of a guard including clear (visibly transmi

scregns and viewing windows, panels, laser curtains and walls.

In ad
a) h
b) h

NOTE
laser

This
radia

dition, this document indicates

bw to assess and specify the protective properties of a laser guard, and
bw to select a laser guard.

Requirements for beam path components, beam stops and those other parts of a protective housin
roduct which do not enclose the process zone are contained in IEC'60825-1.

tion that may arise during material processing_afe not addressed.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their co

cons
For

itutes requirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including

amendments) applies.

IEC 60825-1:2014, Safety of laser products — Part 1: Equipment classification and requiren

IEC 61508 (all parts); FFunctional safety of electrical/electronic/programmable electronic sa
relatéd systems

ISO

ISO
redu

1553-1( Safety of machinery — Laser processing machines — Laser safety requireme

2400, Safety of machinery — General principles for design — Risk assessment an(

and

tting)

g of a

document deals with protection against laser.fadiation only. Hazards from secondary

ntent
Dlies.
any

nents

pfety-

nts

| risk

btion

ISO 13849-1, Safety of machinery — Safety-related parts of control systems — Part 1: General

princ

iples for design

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60825-1 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

access panel
panel which when removed or displaced gives human access to laser radiation

Note 1 to entry: Sheathing around a fibre, tubing used as an enclosure component or any device serving the function
of a rgmovable or displaceable panel, can also be an 'access panel” within the terms of this defimition.

3.2
activle guard protection time
minimum time for a given laser exposure of the front (incident) surface of an activelaser gpard,
meagured from the issue of an active guard termination signal, for which the active laser guard
can dqafely prevent laser radiation accessible at its rear surface from exceeding'the Class 1| AEL

3.3
active guard termination signal
signgl issued by an active guard in response to an excess exposgure of its front surface to aser
radiation and which is intended to lead to automatic terminatien of the laser radiation

Note ] to entry: The action of a safety interlock becoming open cirguit is considered a "signal" in this contexf.

3.4
activie laser guard
laser|guard which is part of a safety-related conttol system whereby failure of the front surface
of th¢ laser guard triggers a termination signal

3.5
beam delivery system
systgm comprised of all those compaénents, including all optical beam components and poténtial
beanl paths and their enclosuresj_ which when combined, transfer laser radiation emitted|from
the Igser radiation generator _(the’laser) to the workpiece

Note 1 to entry: These compénents may include all elements for guiding, shaping and switching the laser beam as
well a$ the enclosure of and-support for the beam path components. See Annex G for detail on guided beam d¢livery
systems.

3.6
beam diameter
dgg
diamgpter(ofijthe smallest circular aperture in a plane perpendicular to the beam axis that contains
86 %| efdhe total laser power (or energy)

Note 1 to entry: In the case of a Gaussian beam (TEMqo), dgg corresponds to the point where the irradiance (radiant

exposure) falls to 1/e2 of its central peak value and the second order moments of the power density distribution
(ISO 11146-1:2005 3.2).

3.7
beam path component
optical component which lies on a defined beam path

Note 1 to entry: Examples of a beam path component include a beam steering mirror, a focus lens or a fibre optic
cable connector.

[SOURCE: IEC 60825-1:2014, 3.16, modified — Example has been removed and Note 1 to
entry has been added.]
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3.8

beam shaping component

optical component introduced in the beam path to transform the profile or cross-section of the
laser beam by means of apertures, or reflective, refractive or diffractive optical components

3.9

beam switching component

optical component or an assembly of components introduced in the beam path to direct or divert,
under external control, the beam path along predetermined direction(s) with the external control
allowing the beam path to be switched from one predetermined direction to another

3.10
fibre|optic cable
optichl beam guiding component that enables the transmission of laser radiation~along a
transparent medium

Note 1 to entry: A fibre optic cable may have a glass or other core that carries the laser radiation and be surrounded
by clagding. The outside of the fibre is protected by cladding and may be further protected’by additional layers of
other material such as a polymer or a metal to protect the fibre from mechanical deformation, the ingress of water,
etc. This term also includes other forms of transmission devices such as waveguides(

3.11
foregeeable exposure limit
FEL
maximum laser exposure on the front surface of the laser guard, within the maintenfance
inspgction interval, assessed under normal and reasonably foreseeable fault conditions

Note 1 to entry: The full specification of an FEL comprises.different elements, including irradiance and exgosure
duratipn. More details are given in Annex B.

3.12
front surface
face pf the laser guard intended for exposure to laser radiation

3.13
lasen guard
phys|cal barrier which limits the.extent of a danger zone by preventing laser radiation accegsible
at its|rear surface from exceeding the Class 1 AEL

3.14
lasenf processing.machine
maclline which uses a laser to process materials and is within the scope of ISO 11553-1

3.15
lasen termination time
maximum’ time taken, from generation of an active guard termination signal, for the [aser
radiation to be terminated

Note 1 to entry: Laser termination time does not refer to the response of an active laser guard but to the response
of the laser processing machine, in particular the laser safety shutter.

3.16
maintenance inspection interval
time between successive safety maintenance inspections of a laser guard

3.17

passive guard protection time

minimum time determined for a laser exposure equal to a specified protective exposure limit
(PEL) at the front (incident) surface of a passive laser guard for which the passive laser guard
can reliably prevent laser radiation accessible at its rear surface from exceeding the class 1
AEL
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3.18

passive laser guard

laser

3.19

guard which relies for its operation on its physical properties only

process zone

zone

3.20
prop

where the laser beam interacts with the material to be processed

rietary laser guard

passive or active laser guard, offered by a manufacturer of laser guards as an independent

prodiict placed on the market with a specified protective exposure limit

3.21

protéctive exposure limit

PEL
maxi
acce
activ

Note

Note 2
identif

Note J
a PEL|

3.22
rear
surfa
acce

3.23
reas
<eve
disre

3.24
safet
docu

3.25
temp
subs

5sible at its rear surface from exceeding the Class 1 AEL for the determined passi
b guard detection time

to entry: In practice, there may be more than one maximum laser exposure.

to entry: Different PELs may be assigned to different regions of afaser guard if these regions are
able (for example, a viewing window forming an integral part of a [aser guard).

to entry: See 5.3 for the performance requirements and 5.4-fér the full specification. The full specifica
comprises different elements, including irradiance and exposure duration.

urface

5sible to the user

bnably foreseeable
ht or condition> credible @and whose likelihood of occurrence or existence cann
garded

y maintenance-inspection
mented inspectien performed in accordance with manufacturer’s instructions

orary-laser guard
itute_or supplementary active or passive laser guard intended to limit the extent g

dang

er.zone during some service operations of the laser processing machine

mum laser exposure of the front surface of a laser guard which prevents laser radiation

ve or

learly

ion of

e of a laser guard that is remote from the associated laser radiation and udually

bt be

f the

4 Requirements for laser guards

4.1

Requirement

Clause 4 specifies the requirements for laser guards that enclose the process zone and are
supplied by the laser processing machine manufacturer.


https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

4.2
4.2

-12 - IEC 60825-4:2022 © |IEC

Design requirements

A Guard requirement

2022

A laser guard shall satisfy ISO 12100 with respect to the general requirements for guards and
also the more specific requirements with regard to its location and method of fixture. In addition,

the

4.2.

following specific laser requirements shall be met for a laser guard.

2 General requirements

A laser guard, in its intended Iocat|on shall not glve rlse to any associated hazard at or beyond

the

guards.

NOTE[1 Examples of associated hazards include high temperature, plasma, excessive ultra-violet radiatig
release of toxic materials, fire, explosion, and electricity.

NOTE|2 See Annex B for assessment of foreseeable exposure limit.
4.2.

Provision shall be made for the replacement of parts of a laser guard prone to damage by
radiation.

NOTE| An example of such a part would be a sacrificial or interchangeable screen.

4.3

4.3.

When the front (incident) surface of a laser.guard is subjected to exposure to laser radiati

the

rear purface from exceeding the Class #/AEL at any time over the period of the mainten
inspgction interval. For automated laser processing machines intended for unattended a

unsupervised operation, the minimum value of the maintenance inspection interval shall bg 8 h.

This

NOTE|1 This requirementimplies both low transmission of laser radiation and resistance to laser-induced da
NOTE[2 Some materials can lose their protective properties due to ageing, exposure to ultraviolet radiation, ¢

gases| temperature;,-humidity and other environmental conditions. Additionally, some materials will transmi
radiatjon under high-intensity laser exposure, even if there is no visible damage (i.e. reversible bleaching).

43.

a)

b)

freseeable exposure limit. Annex F prowdes gwdance on assessmg the swtablllty of

3 Consumable parts of laser guards

Performance requirements

1 General

fpreseeable exposure limit, the laser.guard shall prevent laser radiation accessible

2 Active laser guards

up to
laser

n, the

laser

pn at
at its
ance
nd/or

requirement shall be satisfied over the intended lifetime of the laser guard under expg¢cted
cond|tions of operation.

mage.

ertain
laser

The."active guard protection time shall exceed the laser termination time up td

the

foreseeable exposure limits.

If an active guard detects an excessive exposure, i.e. is triggered, it shall give rise
visible or audible warning. A manual reset is required before laser emission
recommence.

NOTE See Annex C for an elaboration of terms.

4.4
4.4

Validation

A General guard validation

to a
can

If the laser processing machine manufacturer chooses to make a laser guard, the manufacturer
shall confirm that the guard complies with the design requirements and can satisfy the
performance requirements set out in 4.3.
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NOTE See Annex A for guidance on the design and selection of laser guards.
4.4.2 Validation of performance

4.4.21 The complete laser guard, or an appropriate sample of the material of construction
of the laser guard, shall be tested at each FEL identified.

It is intended that a table of predetermined PELs for common combinations of lasers and
guarding materials, together with suitable testing procedures, will be issued as an informative
annex in a future amendment to this document. This could provide a simple alternative to direct
testing for the majority of cases.

NOTE| See Annex B for the assessment of FEL and Annex C for further elaboration of the terms PEL and-FE[L.
4.4.2.2 For testing purposes, the FEL exposure shall be achieved either:

a) bly calculating or measuring the exposure and reproducing the conditions;.or

b) without quantifying the FEL, by creating the machine conditions under. which the FEL is
produced.

The [condition of the laser guard or sample shall be such as to‘replicate those physical
cond|tions of the front surface permitted within the scope of the routine inspection instrudtions
and Within the service life of the guard, which minimize the laserradiation protective propgrties
of the laser guard (for example, wear and tear and surface contamination) (see 4.5.2).

4.5 | User information
4.51 The manufacturer shall document and provide to the user the maintenance inspgction

interyal for the laser guard, and details of inspection'and test procedures, cleaning, replacement
or repair of damaged parts, together with any restrictions of use.

4.5.2 The manufacturer shall document'and provide to the user instructions that aftef any
actugtion of the safety control system of“an active guard, the cause shall be investigated} and
checks shall be made for damage. #he instructions shall also include the necessary remedial
actioh to be taken before resetting the control system.

5 Proprietary laser guards

5.1 General

Clausge 5 specifies‘the requirements to be satisfied by suppliers of proprietary laser guards.

[

5.2 | Desigh requirements

A prqptietary laser guard shall not create any associated hazard at or beyond its rear sufface
when exposed to Taser radiation up to the specified PEL when used as specified in the user
information (see 5.7).

5.3 Performance requirements

The accessible laser radiation at the rear surface of the laser guard shall not exceed the
Class 1 AEL when its front surface is subjected to laser radiation at the specified PEL at least
during the passive guard protection time. For an active laser guard, this requirement shall apply
to laser radiation accessible over the period of the active guard protection time, measured from
the moment an active guard termination signal is issued.

This requirement shall be satisfied over the intended lifetime of the guard under expected
service conditions.
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5.4 Specification requirements
The full specification of a PEL shall include the following information:

a) the magnitude of irradiance or radiant exposure at the front surface of the laser guard
(in units of W m=2 or J m~2, respectively) used to measure its passive guard protection time
and mean value and standard deviation of its tested exposure time limit for calculating its
passive guard protection time, specifying any upper limit to the area of exposure;

b) the quoted passive guard protection time including safety factor of 0,7 (see Clause D.3 for
calculation of the quoted protection time for passive laser guards);

c) the wavelength(s) for which this PEL applies:

d) the angle of incidence and (if relevant) the polarization of the incident laser radiation;

e) ahy minimum dimensions to the irradiated area (for example, as might apply tean gctive
laser guard with discrete sensor elements so that a small diameter laser beam.could|pass
through the guard undetected);

f) for an active laser guard, the active guard protection time.
NOTE|1 See Clause B.1 for an elaboration of terms.
NOTE|2 In all cases, a range or set of values can be stated rather than a single(value.

NOTE|3 A graphical form of presentation is acceptable (for example, irradiance plotted against duration wWith all
other parameters constant).

5.5 | Test requirements
5.5.1 General

Testing shall be performed using the complete<laser guard or an appropriate sample df the
matefial used to construct the guard. In eitherCase, the condition of the guard or sample(shall
be such as to replicate or exceed the worst“permissible physical condition of the front surface,
inclugling reduced surface reflection andidamage permitted within the scope of the routine
mainfenance instructions (see 5.7).

The {ront surface irradiation shall-be either as specified by the PEL or, in the case of sample
testing, as specified in 5.5.2,

Whelu the front surface is subjected to the PEL exposure conditions, the accessible [laser
radiation measured af the rear surface of the laser guard shall not exceed the Class 1| AEL
(test$ as specified(in Clause 5 of IEC 60825-1:2014). This requirement applies ovef the
expopure duratian\specified in the PEL or, in the case of an active guard, over the spegtified
active guard pfetection time measured from the moment an active guard termination signal is
issudgd.

NOTE| .fn cases where materials opaque at the laser wavelength(s) are used (for example metals), the trans itted
radiat [ al along a
path through to the rear surface has been achieved. In such cases, the rise from zero transmlssmn toa value greatly
in excess of the Class 1 AEL will therefore be rapid, and sensitive radiation detectors will not be required.

5.5.2 Sample testing

Sample guard testing shall be performed by irradiating the front surface of the guard material
using the procedure and methodology as specified in Annex D.

5.6 Labelling requirements

5.6.1 All labelling shall be placed on the rear surface of the guard.

5.6.2 The rear surface of the guard shall be clearly identified if the orientation of the guard
is important.
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5.6.3 If only part of the front surface of the guard is a laser guard, this area shall be cl
identified by a bold coloured outline and words to indicate the outer boundary of the laser guard.

5.6.4 The labelling shall state the full PEL specification.

5.6.5 The manufacturer’s name, the date and place of manufacture in accordance
ISO 11553-1, and a statement of compliance with this document shall be provided.

5.7

User information

In additi
user py the manufacturer of a proprietary laser guard:

a)
b)
c)

d)

e)

g)

aldescription of the permitted uses of the laser guard;
al description of the form of mounting and connection of the laser guard;

information on the installation of the laser guard — for active laser guards this shall in
interface and supply requirements for the guard;

cleaning, replacement or repair of damaged parts;

instructions that, after any actuation of the safety control system of an active guard
ause shall be investigated, and checks shall be made forrdamage. The instructions
a’[‘so include the necessary remedial action to be taken before resetting the control syj

O

the labels in 5.6 and their locations. If only part of the front surface of the guard is a

guard, this area shall be identified;

al statement of compliance with this document:

early

with

o the

tlude

maintenance requirements, including for example details of inspection and test procedures,

, the
shall
stem;

laser
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Annex A
(informative)

General guidance on the design and selection of laser guards

Design of laser guards

A Passive laser guards

2022

Examples-of a-passive laser guard-include the following.
L L ~J =4

a)

A.1

al metal panel relying on thermal conduction, if necessary enhanced by forced air.or
cpoling, to maintain the surface temperature below its melting point under norma
¢asonably foreseeable fault conditions;

—

al transparent sheet, opaque at the laser wavelength, which is unaffected by low val
ser exposure under normal operation of the laser processing machine;

o)

npon-metal panels relying on thermal sublimation without melting and similar materials

.4 Active laser guards

Exanpples of an active laser guard include the following:

a)

b)

A.1

Visib

guard, with discrete embedded thermal sensors, whi¢h detects overheating;

a
The spacing between sensors should be considered)in relation to the minimum dimen
of an errant laser beam.
a
g
P

aseous medium in combination with a pressure-sensing device capable of detectin
ressure drop following perforation of thé.front surface.

.3 Hazard indication (passive laser guards)

be provided where feasible (for example by adding a layer of an appropriate paint on both
of the¢ laser guard).

A1

If po

.4 Power supply-(active laser guards)

so thpt laser operation is not possible in the absence of such power.

A.2 | Selection of laser guards

A.2

.1— Selection requirements

laser guard comprising two panels between which is contained a pressurized liqy

ver is required for the proper functioning of an active guard, its supply should be arra

vater
and

ue of

sions

id or
j the

e indication of exposure of the'laser guard to hazardous amounts of laser radiation should

sides

nged

A simple selection process is as follows.

a)

b)

Identify the preferred position for the laser guard and estimate the FEL at this position.

Annex B gives guidance on the estimation of FEL values.

If necessary, minimize the FEL under fault conditions, preferably by including automatic

monitoring in the machine which will detect the fault conditions and limit the exposure
Examples of alternatives include the following:

time.

1) ensure that the laser guard is sufficiently far away from beam focus produced by focusing

optics;

2) install vulnerable parts of the laser guard (such as viewing windows) away from regions

that could be exposed to high irradiance;
3) move the laser guard farther away from the laser process zone;
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4)

require in the essential servicing documentation for temporary laser guards, additions
such as:

one or more persons to be present to supervise the condition of the front surface of
the laser guard, to reduce the assessed exposure duration of a passive laser guard;

a hold-to-operate controller to be used by the person(s) supervising the condition of
the front surface of the laser guard, to reduce the assessed exposure duration of a
passive laser guard;

additional local temporary guarding, apertures and beam dumps to be employed, to
absorb any powerful errant laser beams;

Threg¢ options then follow. The order below does not indicate a preference.

A.2.2

This

tha danaor zana to bhao bounded byvorrant hagm warnina davicac and tha aniard gced
LA ACASLEAC A A=A RASERA AN S AR S A=A LEAC A A= NN 4 AR AR B LEAN SA AL R R A A= LI RLLEDS BASA A0 A ASA A= AR LA LLEA A" AC A= LI\ = 1N =4 =

beyond this zone to reduce the assessed exposure duration;

incorporate in the design of the machine, when using temporary laser guards, beam
control features to facilitate improved laser beam control during servicing operafions,

such as:

s the simplest option.

holders for precise location of additional beam forming components (for example
turning mirrors) required during servicing;

mounts which allow only limited scope for beam steering,

Option 1: passive laser guard

Design and quality control are particularly important'considerations where the absorption at the

laser

wavelength is dominated by a minority additive, such as a dye in a plastic. In such cases,

where the manufacturer of the material does~not specify the concentration of the absorber or
the material optical attenuation at the laser wavelength, samples from the same batch qf the

matefial should first be tested as described in 4.4.1.

A.2.3

If the
prote

A.2.4

A prg

quoted by the faser guard manufacturer.

Option 2: active laser guard

FEL cannot be reduced{o“a value where common guarding materials provide adeq

Option 3: proprietary laser guard

prietary lasernguard may be used if the assessed FEL values are less than the PEL v

ction in the form of a passive laser guard, an active laser guard may always be used|.

uate

hlues
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Annex B
(informative)

Assessment of foreseeable exposure limit (FEL)

General

FEL values may be assessed either by measurement or by calculation (see below).

ISO

incl

part processing cycle of the machine) over the maintenance inspection interval.

From this assessment, the most demanding combinations of irradiation, area ©0f ‘€xposure
expopure duration should be identified; see Figure B.1, Figure B.2 and Figure B.3. It is

like

of exposure at a relatively low irradiance, while another may maximize the irradiance o
shorfler duration of exposure; see Figure B.3 and Figure B.4.

The full specification of an FEL comprises the following information.

a)

b)

c)

d)

g)

h)

ufle consideration of cumulative exposure in normal operation (for example, during

Iy| that several FELs will be identified; for example, one condition may,maximize the dun

Tlhe maximum irradiance at the front surface of the-laser guard, see Figure B.1
Fligure B.2.

NPTE 1 Irradiance is expressed as the total power or enfergy divided by the area of the front surface
guiard, or specified limited area, as appropriate.

Any upper limit to the area of exposure of the-front surface at this level of irradiance.

NPTE 2 No limit to the area would be appropriate.for protection against scattered laser radiation while an
limpit to the exposed area would be appropriate’for direct exposure to laser beams.

Tlhe temporal characteristics of the\exposure, i.e. whether continuous wave (CW) or p

The full duration of exposure:

DTE 3 See Clause B.4 for an/elaboration of this term.
he wavelength(s) of\the radiation.

N
T
Tlhe angle of incidence and (if relevant) the polarization of the radiation, see Figure B.
Fligure B.2.

NPTE 4 Stipulation of angle of incidence is particularly important for laser guards exploiting interference
tq reflect impinging laser radiation.

CAUTION: At Brewster's angle of incidence "p", polarized radiation is strongly coupleq

gser radiation, and if the latter, then the pulse duration and pulse repetition frequency.

2022

2100 provides a general methodology for fisk assessment. The assessment should

each

and
quite
ation
ver a

and

of the

upper

ilsed

and

layers

| into

the surface of the guard.

Any minimum dimensions to the irradiated area (for example as might apply to an active

laser guard with discrete sensor elements so that a small diameter laser beam could
through the laser guard undetected).

For an active laser guard, the active guard protection time.

pass
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B.2 Reflection of laser radiation

B.2.1 Diffuse reflections
Laser guard —»

Assuming a Lambertian reflector with 100 %
reflectivity,

~
o

Irradiance Ep

: |
EA=_0.0030.COS¢ / 9
T R?
R
%

Figure B.1<(Calculation of
diffusereflections

IEC

B.2)2 Specular reflections

It ig difficult to generalize for the case of 4.
spegular reflections. ’

P ”
Forla circularly symmetric laser beam with a ©
Gagssian distribution, power P, and diameter, l R
dgg |at the focusing lens, focal length f, the i

maxXimum irradiance (at the centre pofithe
Gagssian distribution) in a normal plahe at a /0
distnce R from the focus is:

5 Laser guard —»
4.[16 ) i IEC
R

Figure B.2 — Calculation of

where p is the reflectivity of the workpiece specular reflections

surface.

CAUTION:Certain curved surfaces can
increaseé the reflection hazard.

B.3 Examples of assessment conditions

FELs should be assessed for the worst reasonably foreseeable combination(s) of available laser
parameters, workpiece materials, geometry and processes likely to be encountered during
normal operation (IEC TR 60825-14 provides guidance for users).
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Laser guard —»

[ ] IEC

Figure B.3a — Software failure

Laser guard —»

IEC

Figure'B.3b — Workpiece bends or
is inadequately clamped

Laser guard —»

Figure B.3c — Workpiece missing

Figure B.3 — Some examples of a foreseeable fault condition
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Errant laser beam

Mirror missing

NSO\ IEC

Figure B.4a — Laser is operated with turning
mirror missing

N\

Mirror

Errant laser beam

K

IEC

Figure B.4b — Beam displaced off miftror during
alignment proceduré

Errant laser
beams
Beam expander out

of adjustment

IEC

Figure B:4c — Beam expands beyond range of optics

Q&

Reflective object
enters beam path Ec

Figure B.4d — Reflective objects intercept laser beam

Figure B.4 — Four examples of errant laser beams that might have
to be contained by a temporary guard under service conditions
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B.4 Exposure duration

B.4.1

Normal operation

The exposure of a guard to laser radiation during fault-free operation may comprise exposures
to low levels of reflected, scattered and transmitted radiation which are repeated on each
machine cycle. In this case, the assessed FEL for fault-free operation would encompass the
variation in irradiance of the guard during the cycle, see Figure B.5, repeated for the maximum
number of machine cycles within a safety maintenance inspection interval.

§“E A
i [ 28 h protection
g o :..' ‘.“‘
Se
Scattered radiation during %, I'in'Te
processing of a single piece
B Automated processing of several pieces _
A possible value of irradiance
specified in the FEL
The characteristics of the
radiation (i.e. pulsed or T
continuous wave) also form
part of the FEL IEC
Figure B.5 — Illlustration of laser guard exposure during
repetitive machine operation
B.4.2 Fault conditions
A safety control system involving some form of machine monitoring can reduce the time for
which the guard shal“safely contain the radiation hazard under fault conditions. Two examples
are given in Figure B.6.
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Assessed duration of exposure

Onset of fault A
/ On-line process monitoring detects fault A

/ during processing
Laser safety shutter closes

Laser irradiance of the guard (Wm-2)

Time
EF
Figure B.6a — Shut-down with on-line machine safety monitoring
N'E 1 Assessed duration of exposure
= |
e v 1
§ M
O
[0]
£
G
[0]
o
c
o
©
Y
5 [\V\j‘\&\ J \
(2]
© -
s =
f Time

Fault B occurs

Machine shut down
Post-treatment inspéction during the following before next piece is

machine cyclesreveals that fault B occurred processed IEC

Figure B.6b — Shut{down with off-line machine safety monitoring
Figure B.6 — Two examples of assessed duration of exposure
For feasonably foreseeable fault conditions which are not detected by some safety-related

contrpl system, the assessed duration of exposure is the full safety maintenance inspection
interyal.
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B.4.3 Servicing operations

The

a)
b)
c)
d)
e)

f)

g)
h)

A risk assessmient should be performed to identify hazardous situations and to asses
foreseeablexexposure level. Where human intervention is required to limit the durati
expopure of*a temporary guard, a value of not less than 10 s should be used. All reaso
practicable engineering and administrative control measures should be implemented to re
reliarce o temporary SCreens to provide protection:

Laser irradiance of the guard (Wm-2)

- 24 - IEC 60825-4:2022 © |IEC 2022
!
| Assessed exposure duration = maintenance inspection interval
N L \_/ /! Y
Z4

| |

Onset of undetected fault Safety mainténance inspection
reveals damage to guard

Figure B.7 — Assessed duration of exposure for a machine
with no safety monitoring

the use of a pre-set laser-on time;

the degree of control over fault conditions;

provision of persons to supervise the’condition of the guard (passive laser guards);
provision of a hold-to-operate eéntroller;

degree of warning provided by the response of the guard to excessive laser expq
(passive laser guards);

degree of concealment of the front surface of the guard (passive laser guards);
total area of guard to'be supervised (passive laser guards);

o

legree of training” of service personnel.

IEC

factors which directly affect the time to lasersdermination measured from the onset of
expopure of a temporary guard during servicing operations include:

sure

5 the
bn  of
nably
duce
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Annex C
(informative)

Elaboration of defined terms

Distinction between FEL and PEL

Maximum reasonably foreseeable
exposure at the front surface of the

laser guard is the FEL
Caser
Protective exposure
limit (PEL)
—Vs)
[J:L] -a~laser guard
Process zone
Laser processing machine
IEC
Figure C.1 — lllustration of guarding around a laser

processing machine

The foreseeable exposure limit (FEL) at a particular location where a laser guard is to be

is th
asse
valug
can |

The |
mand

P maximum exposure ésiimated by the manufacturer of the laser processing mac
5sed under normal and.reasonably foreseeable fault conditions, see Figure C.1. The
defines the minimum value of the protective exposure limit (PEL) of a laser guard
e used at that loeation.

PEL indicates the capability of a laser guard to protect against incident laser radiation
facturer of the laser processing machine shall perform tests to confirm the adequa

guar

, Or'\by purchasing a proprietary laser guard for which the PEL is specified.

sited
hine,
FEL
that

The
cy of
f the

the I}ser guards. This can be accomplished by direct testing, or by determining the PEL ¢

Cc.2

Active guard parameters

An active guard has two essential components:

a) a physical barrier, highly attenuating at the laser wavelength, to act as a passive laser guard
for low levels of laser radiation (for example, diffusely scattered radiation) and to resist the
penetration of hazardous levels of incident radiation for a limited (short) time only;

b) a safety control system which incorporates a sensor that detects hazardous levels of
incident laser radiation either directly or indirectly (for example, by measuring temperature
or by detecting some other effect induced by the laser radiation on some part of the laser
guard) and then issues a signal to terminate laser emission (for example, by breaking the
safety interlock chain, thus switching off the laser source, or by closing a safety shutter).
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Laser guards will frequently be subject to low values of laser irradiance during normal operation
of a laser processing machine. Since the guard is not threatened by such radiation, the sensor
should not react. Instead, the sensor should be set to react only to incident laser radiation that
exceeds a threshold value at which the integrity of the laser guard is threatened. There is a
time delay between the incident laser radiation exposure exceeding the threshold value and the
moment when an active guard termination signal is produced by an active laser guard, see
Figure C.2. Similarly, there is a time delay, termed the laser termination time, between the
production of the active guard termination signal and the moment when the laser radiation is
terminated.

Laser termination . active guard
. is less than E
time protection time
Ingcident laser Active laser guard Laser processing machine. Laser guard no Ipnger
radiption exceeds outputs laser responds to laser termination provides protectfon if
some|threshold value termination signal signal and laser radiatioms the exposure is|not
terminated terminated

\J

Laser termination\time

A
/

Active guard protection time

\J

A

IEC

Figure C.2= lllustration of active laser guard parameters
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Annex D
(normative)

Proprietary laser guard testing

D.1 General

Annex D contains details of the test conditions to be adhered to and the documentation to be

supplied by manufacturers of proprietary laser guards.

It shquld be noted that it is inappropriate to use higher power lasers to simulate low power

laser

parafneters or use low powered lasers to simulate high power laser parameters, by~changing

irradiance or by adjustment of the distance from the focal point, because beam quality and
characteristics of the laser beam are likely to be different or unexpected, | Manipul
characteristics of lasers of a certain power level to make or extrapolate estimhates of a lag
a different level (higher or lower power) is not permitted.

The pvidence of the tests described herein is relevant only for, and)is limited to, the
para:ljneters used. Thus the results of these tests should serve anly for comparison of
guardls.

The protective exposure limit (PEL W m—2) shall be applicable only for the beam dimensig
the guard used in the tests. These dimensions at the guard shall be stated by the laser ¢
manufacturer because the PEL, which indicates pfetection, decreases as the laser |
dimepsions increase. If the PEL is exceeded, the“guard can be damaged and even
disinfegrates. For the purposes of Annex D, the protection time is the time interval from

irradiation of the front surface until the laser ragiation emitting beyond the rear surface exg
the alccessible emission limit (AEL) for Class\} as defined in IEC 60825-1.

For power levels greater than 4 kW and for BPP less than 4 mm-mrad, the absorbed p
dens|ty often does not increase linearly. It is, however, suggested that the experim)
procg¢dure described in Annex D is-followed to determine the protection time for the de
PEL Wwhen the output from a coambination of laser, optics and fibre optics is in excess of 4

Care|should be exercised even at lower powers when interpreting results as the occurren
non-linear effects cannot-be excluded or ignored. Tests should be undertaken using an o

bther
ating
er of

laser
laser

ns at
uard
beam
ually
nitial
eeds

ower

ental
sired
kW.

ce of
ptical

setup) that corresponds-to the overall laser system for which the guards are intended to be {ised.

D.2 | Test conditions

D.2.1 General precautions for test conditions

A variety of exposure Timit tests with different materials and different Tasers may cause

non-

reproducible results that can lead to false interpretations for the protective exposure limit and
overestimated lifetime predictions of laser guards. Thus equal and comparable conditions for

repeated tests shall be ensured to maintain the integrity of the results.

As part of ensuring the integrity of the results, effort shall be made to eliminate or at

least

minimize systematic or other errors that may also result in false interpretations for the PEL or

overestimation of the guard lifetime. Such errors may arise from:

a)
b)

material: reflecting surfaces, where reflectivity changes through oxidation or contamination;

laser: with high power lasers (e.g. multi-kilowatt lasers), especially those with good beam
quality (i.e. fibre lasers and disk lasers), reactions have been seen that have considerable
influence on the actual irradiance on the surface of the laser guards.
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Thus during testing, no mechanical or physical effects (such as described below) shall occur
between the beam aperture and the point of incidence on the guard material that adversely
affect any optical properties. Testing conditions shall be accurately replicated, otherwise the
resultant passive guard protection times may not be reliably reproduced.

Examples of effects that influence test results include but are not limited to:

e generation of fine metallic fume, whereby laser radiation is absorbed (e.g. thermal blooming)
or scattered (e.g. Mie effect) in the metallic fume;

e change of the focal point (thermal induced focal shift), whereby there is a change of the
power density at the surface of the laser guard. These effects may reduce the laser power
oh the sample under test;

e eptablishment of an equilibrium (i.e. thermal equilibrium or balance between ingidént and
reflected or reemitted radiation) leading to a practically infinite passive guard protection time
i one test, while a repeated test under assumed equal conditions leads te.a finite PEL or
pfotection time.

The fested exposure limit (W m=2 for CW lasers or J m=2 for pulsed lasers)shall be determined
by tgsts performed when irradiating at least ten samples by irradiating one surface of [each
sampgle. Each sample shall be of representative thickness, compoesition and surface finish,
havirlg a front test surface prepared to give worst case absorption-totaser radiation. Dimengions
of th¢se samples shall be not less than three times the beamdiameter measured at the points
wherp the intensity distribution has decreased to a value of t/e2 of the peak at the expgsure
locatlon (thereby guaranteeing that the radiant heat flowDis taken into account). Strugtural
conngcting elements shall only be included in the tests. if they are necessary to ensurg the
consfruction and integrity of the guard. In the case gf hon-circular beams, the geometry gf the
bean used in the test shall be specified. Non-circular beams are those where the diffefence
betwgen the major and the minor dimension is greater than 10 %. The tests shall be performed
in bokh pulsed and CW mode where pulsed and CW laser operation is possible as the ptilsed
radiation may lead to different results.

The [parameters of pulsed radiation.\used in these tests should be representative of the
parameters to be used in any specified application.

The geometry of the test beamyis required to be specified because it affects the distributipn of
heat jin the sample.

Partigular care should_be taken in the preparation of samples when testing laser guards lsing
alum|nium, copper,\stainless steel and materials with zinc coated surfaces. It has peen
obsefved for these 'and other similar materials that the PEL and protection time are highly
depehdent on-sample preparation and experimental setup that affects the repeatability qf the
PEL pnd protection time measurements.

The yorst case absorption should take into account the reflectivity of the guard material and
the chranges to the surface of the taser guard materiat over the foreseeabte tifetime of the laser
guard. However, the test plate should not have been treated beforehand, in any possible way
that could alter absorption conditions artificially, except for accelerated natural reflectivity
change of the guard material and the accelerated natural changes to the surface of the laser
guard material reasonably expected over the foreseeable lifetime of the laser guard.
Qualification test should be done in normal conditions for the laser shielding.

If a sample holder is necessary for the tests, then its maximum overlap on the sample edge
shall not exceed 3 mm from the edge of the sample. The holding arrangement in contact with the
sample shall be thermally insulating (e.g. ceramic), compatible with use at the temperatures
generated.
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The sample shall be normal (or tilted no more than £3° to avoid retro-reflections) to the laser
beam with the beam axis centred on the sample at a distance F; as shown in Figure D.1. The

distance F'y past the focal point shall be not greater than three times the focal length (F) of the

focusing lens. If for a specific application the guard is to be positioned at a distance less than
three times the focal length (F) away from the focal point, the minimum distance between the

focal

Test should be performed with horizontally directed beam as‘'shown in Figure D.1. If a diff]
beanm direction were used, mention the test arrangement regarding the beam direction i
qualification report.

The gurface of the sample under test shall be sufficiently ventilated (e.g. by using a cros
sure that the test surface and the space between the test sample and the beam shaping

to en
optic
the s

In ag

intermal spaces shall be sufficiently~ventilated (e.g. by using a cross jet, see Figure D.

ensu

point and the guard shall be taken as the distance F.

Guard
Lens

IEC

Figure D.1 — Simplified diagram of the test arrangement

5 remain clear of debris, fume, etc. during the period of the test. The ventilation shall
ame effect as the air circulation in the intended application.

dition, where there are multiple\layers to the sample guard, all internal surfaces

re that all surfaces remain clear of debris, fume, etc. during the period of the test.

Cross jet on the front surface
and each multiple space

Guard system

Laserbeam

erent
n the

5 jet)

have

and
2) to

IEC

Figure D.2 — Simplified diagram of the ventilation for the guard under test
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D.2.2 Laser guard test conditions for passive laser guards

For
not
peri

passive laser guards: the accessible laser radiation at the rear surface of the sample shall
exceed Class 1 AEL during the test exposure, the duration of which is dependent on the
od of exposure set by the manufacturer of the proprietary guard. The protection time of the

guard shall exceed the maintenance inspection interval as defined in Table D.1 subject to the
intended laser guard usage.

Maintenance inspection intervals of proprietary laser guards should be specified by their
manufacturer using test classifications T1, T2 or T3 as defined in Table D.1. Maintenance
inspection intervals represent the time interval after which the guard is completely inspected

and
can

erifiedas ot damagedor deteriorated—This s toensure that the guard s mastate that
tplerate exposure to laser radiation for a further maintenance interval.

Table D.1 — Laser guard test classification

Tept classification inspection interval Suggested laser guard’usage

Maintenance

S

T1 30 000 For automated machine usage

T2 100 For short cycle operation_and’intermittent inspection

T3 10 For continuous inspection by observation

D.2
For

a)

b)

d)

e)

.3 Requirements for active guards

gctive guards the following requirements applys

I the active guard is a part of a safety-related control system of a machine, the rel¢vant
and appropriate standard for safety-related control systems shall be applied.
TE

a

e active laser guard shall output.the'laser termination signal (which is intended to lefad to
tomatic termination of the laser radiation), in response to any exposure of its front sufface
te laser radiation in excess of<the specified exposure (level and duration). A reasopably
foreseeable fault within theactive guard system shall not lead to the loss of the sjafety
fiinction. A reasonably foreseeable fault within the guard element shall be detected |at or
before the next demand upon the safety function.

he accessible laser.radiation at the rear surface of a sample of the passive laser gpard,
incorporated in the Jactive laser guard, shall not exceed Class 1 AEL in response tq any
exposure of its frant surface to laser radiation up to and including the specified expgsure
for an exposure*duration greater than the specified active guard protection time (as defined
in 3.2).

I automatic functionality checks within the active guard system are made during periods of
I3aser'emission that temporarily interrupt the operation of the active laser guard systenj, the
accumulated time taken to complete these checks shall take into account the effect ro’rf any
repetitive laser pulses and shall not exceed the active guard protection time or cause any
reduction in the overall performance of the active laser guard.

The operation of an active guard is dependent on changes of physical parameters causing
the initiation of the active guard termination signal. The active guard shall be continuously
monitored during the period of potential laser exposure. At other periods, the active guard
shall be unaffected by parameter changes (for example, smoke, humidity, vibration or
shocks, temperature changes) and any other changes in the environment, thus preventing
the active guard from being inadvertently disabled.

Any damage to the active guard shall be detected at or before the next demand for
protection and until that damage has been rectified, further operation shall be prevented.
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D.3 Protection time corresponding to the specified protective exposure limit
(PEL)

The passive guard protection time corresponding to the specified protective exposure limit
(PEL) (as defined in 3.21) shall be determined from the results obtained from the measurements
made. Experimental irradiating laser power density shall be adjusted to be greater than or equal
to the specified protective exposure limit (PEL). When calculating the protection time from the
sampled data, the central limit theorem shall be applied presuming an underlying normal
distribution.

Individual samples tested in the batch that do not burn through during the test shall be
statidtically disregarded unless the entire batch does not burn through.

A copfidence level of 99 % is required and is ensured by using +30, where o iscthe standard
devigtion in the normal distribution as given by

o= o[-

wherp
p(x) |is the probability of x;
X is the individual value of a sample; and

U is the mean of experimental burn-through timefof 'the tested samples, except for [laser
guards made of pitch-type CFRP (carbon fibre‘teinforced polymer) and similar materials.
For laser guards made of pitch-type CERP; u shall be defined as the mean of the
experimental rear-side ignition time, if it.is*shorter than the mean of experimental purn-
through time.

If thg arithmetic value of the mean of measured burn-through times for the tested samples
minup 3¢ is a negative number, the value shall be made to equal zero.

NOTE|1 In these tests especially for_materials with reflective surfaces and/or a low melting point (for example,
aluminium), the non-linear effects canvresult in a negative value for 3¢. These non-linear effects can also erron¢ously
indicaje a shorter distance betweef the focus and the surface of the sample primarily due to the reflecting (or fnirror)
propefties of the sample material.

The quoted PEL for theypassive protection time shall be the laser power density actually jused
in the passive protection time measurement test or shall be determined between| two
meagurement points.

The protection’time shall be equal to 0,7 x (z — 30) s.

NOTE|2\ “Fhe factor 0,7 referred to in the equation for PEL and protection time is introduced as an additional [safety
factor.

NOTE 3 The samples are randomly selected from a basic population.
D.4 Information supplied by the manufacturer

The manufacturer shall provide with the set of test sample data at least the following
information:

a) name and address if the organization conducting the tests;

b) the number of this document (IEC 60825-4);

c) the material and its specification or internationally recognized standard to which it is made
or rated, used for the samples. Details of any heat treatment, work hardening, surface
finishes or other process applied to the material shall be included in this specification;
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d) the number of samples used in the tests;

e) details of the laser parameters used including at least

g)
h)

1
2
3
4
5
6
7

—h
Qo

th

th
th

) the laser wavelength(s),

) the power or energy (specifying peak or average) at which testing was conducted,
) the pulse duration and repetition rate (for tests using a pulsed laser),

) the beam diameter (1/¢2) at the input of the focal lens,

) the beam parameter product (mm-mrad),

) the beam cross-sectional shape at the focus, and

2022

a measurement of the radiant exposure or irradiance of the beam at the surface, U
test;

cal length of the focus lens used in the tests;
e distance Fq;

e maintenance inspection interval applicable to the laser guard;

e resultant protection times and PEL together with any calculations and stati
halyses made.

nder

stical
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Annex E
(informative)

Guidelines on the arrangement and installation of laser guards

E.1 Overview

Annex E addresses the arrangement and installation of guards to protect personnel against
laser radiation hazards around the process zone ofa laser materlals processmg machme These
gurd HYE -

user-installed) guardlng requrred to safely integrate a laser-processing machine~Guarding
issuds relating to associated hazards of laser processing (which include mechanical, elecfri
fume|and secondary radiation hazards) are not considered in detail in Annex E.

E.2 | General

E.2.1 Requirement

Lasef guarding is required to isolate the laser hazard in addition-to the associated hazards of
laser|processing. Some of the guards may form part of a laser*processing machine, addifional
guardling may be used to facilitate safe loading and unloading of workpieces, and for servicing.

E.2.2 Arrangement of guards

Key ¢lements in assessing the arrangement andinstallation of guards around the process [zone
include:

a) the degree of accessibility required forworkpiece handling (especially the degree of manual
anipulation);

b) the method of fixing the workpiece (e.g. use of jigs and clamps);

c) the method of removal of the workpiece and any associated parts (e.g. scrap) |after
processing.

E.2.3 Location of guards
Good practice in determining the location of laser guards includes:

a) when possibje;‘the laser guard should be located at least three focal lengths away froq the
focal pointof a focusing lens;

b) Igser guards with lower protective exposure limits (PELs), for example viewing windows,

hotUld“not be located where the direct beam or specular reflections are expected.

n

E.24 Complete enclosure

A complete enclosure is one which meets all the requirements for a protective housing as
specified in 6.2.1 of IEC 60825-1:2014 and encompasses the embedded laser and the entire
process zone, such that there is no human access to hazardous radiation.

E.2.5 Incomplete enclosure

An incomplete enclosure is one which does not provide a complete protective housing
encompassing the embedded laser and the entire process zone, such that human access to
hazardous radiation is possible.
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If the risk of exposure is not tolerable (to those who may be on walkways or platforms which
raise them above the guards of an open topped machine), additional control measures are
required.

E.2.6 Hierarchy of control of laser hazard areas

The following hierarchy of measures is recommended for keeping persons out of an area where
there is an intolerable risk:

a) fit a fixed guard;

b) fit a removable guard;

c) fif an electronic protection device linked to the safety interlock chain of the machine,.around
the perimeter of the area (e.g. a light beam sensor) or over the area (e.g. a~prespure-
sensitive mat);

d) provide a physical barrier plus information, instruction, training, supervision;

e) provide a means of allowing use with the operator some distance from'the process [zone
plus personal protective equipment (PPE).

NOTE| Measures (c) and (d) provide no protection from laser radiation emerging frem the laser machine and can
therefpre only be considered where the distance of the controlled boundary fromropenings in the machine eXceeds
the ngminal ocular hazard distance (NOHD).

E.2. Personal protective equipment

Perspnal protective equipment should only be used as_a last resort where a combinatipn of
engineering and administrative controls cannot reasonably provide a sufficient level of
protection. Where personal protective equipment is’employed it should be supported with an
adequate level of administrative control governingyits use. It should only be used when & risk
assepsment has shown that the use of other means of risk reduction has failed to produce a
suffigient degree of safety and when it isxnot reasonably practicable to ensure adequate
protegction by other means. When working with Ultraviolet B (290 nm to 320 nm)| and
Ultrayiolet C (100 nm to 290 nm) protective clothing may be required.

E.2. Human intervention

Where machine operations reguire human access, then human intervention can be included in
the risk assessment and the ‘eonsideration of implications for the duration of the fault condjition.
Undgr these conditions, access should be controlled and accessible only to authorized pefsons
who have received adéquate training in laser safety and servicing of the laser system invalved.
rea should alsoybe restricted and not open to the public and where observers or pther
untradined personnel-are kept from being exposed to the hazards by barriers or administrdative

E.3 | Risk assessment

E.3.1 Requirement

Human exposure to a laser beam of the type typically used in laser materials processing can
produce a moderate to severe injury, depending on laser wavelength, tissue exposed and the
response of the victim. The probability of such an exposure occurring becomes the key variable
element in assessing the risk of injury. The reduction of risk to tolerable levels is an iterative
process. There is no standard approach to procedure and documentation for this process.
Nevertheless, the steps involved are universal and are described in ISO 12100.
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E.3.2 General considerations
E.3.2.1 Risk assessment considerations

A risk assessment should be performed to identify hazardous situations and to assess the
foreseeable exposure level on intended positions of a laser guard. This assessment should take
into account a number of factors, including those described in E.3.2.2 to E.3.2.14.

E.3.2.2 Features of the laser process zone

Relevant features include the laser power and wavelength, the focal length of optics, and the

degr es of freedaom of the heam delivaery (e a number of axes of movement)
PARRAR) 7

E.3.2.3 Process

The pature of the process, such as cutting, drilling, welding, marking. The machine may be
dedigated or offer several processes.

NOTE| Reflected laser powers differ appreciably with process and material being procesSed.
E.3.2.4 Process control

This ffactor addresses in particular the time during which laser guards may be exposed uUnder
fault ponditions, including those upon which the foreseeable exposure limit (FEL) is determined
(e.g.[the process cycle time), the inspection process (e.gcper item or per time period gr per
number of items), and the means and effectiveness of @utomatic process control intervention
in the event of a fault condition becoming evident.

E.3.2.5 Manual operations

Operptor intervention considerations include.the need and provision for manual control, the
mearns and effectiveness of process observation (including the location of viewing windoyws or
camgras) and the accessibility and effectiveness of intervention in the event of a fault condlition
becoming evident.

E.3.2.6 Robot operations

The full range of robot movements, impact protection for the robot head and general protegction
of sdrvice lines and thel\beam delivery to the robot, and the means of limiting robot head
movegment and direction (e.g. software limits, hardware limits and physical limits), in particular
the closest approach.of the exposed laser beam to laser guards.

E.3.2.7 Workpiece

The peometry, composition and surface finish of the workpiece, and how it can affeqgt the
direction,and strength of reflections during laser processing.

E.3.2.8 Clamping and fixturing

The holding and positioning of the workpiece and the related issues of reflections from surfaces
and collisions of the focusing head.

E.3.2.9 Loading and unloading

The method by which the workpiece is introduced and removed, in particular whether it is
manual or automatic, single piece or continuous, and the method (e.g. sliding, rolling or lifting
door) and control of access to the process zone.
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E.3.2.10 Beam delivery

Beam delivery considerations include the optical method (mirror or fibre) and means of
inspection, positioning and movement of optical components. Considerations include the
structural integrity of the mounting of beam path components, means of maintaining the
condition of optical components (e.g. clean dry gas purge plus cooling supply), means of
maintenance of beam alignment, provision of on-line errant and non-errant beam monitoring,
and means of construction of the beam delivery enclosure.

NOTE Particular attention can be given to the use of novel (unproven) design of laser beam delivery, the exposure
of the beam delivery structure to external mechanical forces (e.g. vibration) which can give rise to optical
misalignment. Attention can also be given to tampering with optics or anomalous performance of lasers, especially
in reggrd to beam pointing, and situations where the laser power is so high that the performance of beamd¢livery
optics|is uncertain.

E.3.2.11 Location of workers

The [defined work area, in particular the minimum distance of permitted~approach t¢o the
maclhline. Included in this consideration are overhead locations (e.g. crang.'0perators, o¢ffice
workers on elevated walkways), steps and ladders in the vicinity.

E.3.24.12 Maintenance provision

This [consideration includes the means and control of access to maintenance positions
(e.g.[removable panels, key control) and the provision of interlock overrides and emergency
stopg.

E.3.2.13 Guarding properties

The assessment of FEL and PEL under normal:conditions and reasonably foreseeable|fault
condj|tions should be made for each element 6f guarding, including fixed and moveable walls
and windows.

E.3.2.14 Guarding environment

Envilonmental factors that may.influence the effectiveness of the guarding, including agcess
for fork lift trucks and other moving objects that could cause significant mechanical damagé¢ and
dusty environments that couldyadversely affect the performance of optics and/or the protgctive
properties of the guard.

E.4 | Examples of’risk assessment

E.4.1 Continuous feed of components
a) Hxample:

Lpser processing unit mounted over a conveyor belt.

b) Location.

During normal production or maintenance, access is controlled and only accessible to
authorized persons, but the area may also be unrestricted and open to observers or other
untrained personnel.

During service periods, the area may also be restricted and not open to other untrained
personnel.

c) Key issue.

The arrangement of laser guarding should include entry and exit ports to permit the feeding
of components into and out of the process zone on a continuous basis.
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d) Possible solutions.

1) Where the risks of excessive laser radiation are high:

provide interlocked sliding guard, which opens to permit entry of the component, and
closes prior to laser processing.

2) Where the risks of excessive laser radiation are medium or low (possible solutions
following the risk assessment):

provide local guarding with a brush seal to maintain enclosure during passage of
component, or

provide an open tunnel around opening(s) to restrict line-of-sight access to the laser

E.4.2
a) E
F

b) Lpcation.

c)

K
A
d) P
1

In al

prevenfpd from exposure to any hazard that may cause harm

xample.
atbed cutting table in laser job-shop environment.

ey issues.
ccess to the table is required for loading and “unloading of sheets onto the cutting tal

ossible solutions.

PTOCESS Zone. TS may beaccomplistred by

e using a labyrinth for the component entry and exit paths in order to bleck direct
line of sight, or

e by the use of an interlocked barrier (e.g. light guard or fencing).or"a prespure-
sensitive mat that is approved for safety applications, to restrict the vigwing
position in order to prevent a direct line of sight.

Flatbed laser cutting and marking

During normal production or maintenance and servic€ periods, access is controlled and only
afcessible to authorized persons and restricted toftrained personnel only.

e.

Where the risks of excessive laser radiation are high (for example where hazandous
laser radiation is generated \from reflections which are present during normal
production):

provide full perimeter~guarding to protect the operator and other personnel.
Interlocked sliding-guard opens to permit passage of component and closes prjor to
laser processing.

Where the riskstof*excessive laser radiation are medium or low (for example beam is
directed vertjcally onto a flat workpiece and enclosed to within a short distance qf the
workpiece);

provide free-standing guard to protect the laser operator;
provide PPE requirement for all persons within the restricted access zone.

cases, provide adequate controls to ensure unauthorized and untrained personsg are

E.4.3
a) Example.

Multi-axis processing machine

Automated robotic laser welder on an automobile line.

b) Location.

During normal production or maintenance, access is uncontrolled and the area is
unrestricted and open to observers or other untrained personnel.

During service periods, access would be controlled and only accessible to authorized
persons and the area restricted and not open to other untrained personnel.
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Key issue.

A fault condition in the controller could lead to the laser beam being directed at the
guarding.

d) Possible solutions.

E.4.4 Laser guards for supervised areas

a)

b)

1) Where the risks of excessive laser radiation are high:

— provide reinforced guarding at parts of process zone enclosure indicate

2022

laser

d as

vulnerable by the risk assessment. This reinforcement may be by using an active

guard.
2) Where the risks of excessive laser radiation are medium or low:

— the elements of solution may include:

e provide guarding which has a verified performance being tested as desefrib
this document for direct exposure to representative laser beam;

e provide collision protection of the beam-line ‘head’;

e provide additional sensors for preventing laser emissioneyond the workpi

Bxample.

Temporary laser guards set up during service activities to exclude persons not involy|
the servicing operation.

Lbcation.

During normal production or maintenance, these laser guards would not be used
pfotective guard.

During service periods, access wouldibe controlled. The location is only accessib
alithorized persons who are traingd’ in laser safety. The location is not open to
uhtrained personnel as indicated. by administrative means (e.g. warning signs).

Key issue.

Bleam direction is under administrative control.

Fossible solutions.

1) Where the risks of excessive laser radiation are high, the elements of solution incl

— ensure Jlaser guards are opaque and are capable of at least 100 s protection
the laser-beam;

— ("use trained personnel to carry out such service operations;

e provide control of the laser emission if the laser focusing head is stationary|

— enfry‘to the screened off area interlocked or under direct administrative control};

ed in

e provide software control and hardwire limits to beam-line rotationalFmovemeént;

ed in

as a

le to
bther

ide:

from

</ protective laser eye wear (and possibly skin wear) to be used by all those insid|e the

controlled area.

2) Where the risks of excessive laser radiation are medium or low (e.g. area outside the

laser guard is cleared of personnel):
— as above, except that the protection time provided by the screen may be less

than

100 s provided the service engineer has ready access to the laser shutter control

and laser exposure of the screen provides a clearly visible indication (e.g. smo
strong discoloration).

ke or
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E.5 Aids to risk assessment

E.5.1 Considerations to be taken into account

Clause E.5 provides a list of items to be considered when assessing the risks associated with
a laser-processing machine in the design of laser guards. These details should form part of a
documented record of the assessment.

Note that this list is not comprehensive and may not include all the aspects that should be
considered.

E.5.2 Equipment
a) Lpser:

1) type;

2) wavelength;

3) CW/pulse;

4) pulse duration;

5) power (or energy);

6) beam delivery output lens focal length.
b) Hrocessing machine type:

1) two-axis machine;

2) three-axis machine;

3) machine with more than three axes;

4) robot;

5) fume extraction fitted;

6) process zone enclosure:

— Class 1 AEL;
— other.

E.5.3 Process machine'béam delivery
a) Beam delivery path.monitoring:

1) by hardware control;

2) by software control.
b) Beam delivery turning mirror monitoring:

1) by-hardware control;

2) by software control.

c) Beam delivery mechanical assembly:
1) requires use of tools;
2) monitoring provided:
— by hardware control;
— by software control;
3) beam focus lens control assembly.
d) Free space beam delivery system.
e) Fibre optical beam delivery system.
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E.5.4 Process description

a)
b)
c)
d)
e)
f)
9)
h)

Soldering/brazing.
Heat treatment.
Marking.

Welding.
Drilling/cutting.
Cleaning.

Forming.

2022

Hapid prototyping.

E.5.5 Process machine controls

a)

b)

d)

Flor automatic mode operation (i.e. no operator intervention):

—_

fully guarded operation.

Flor manual mode operation (i.e. where manual intervention during thé machine cy
intended):

1) fully guarded operation.

Method of process observation:

1) use of windows in the process zone enclosure;

2) use of CCTV monitoring;

3) other;

Method intended to stop the cycle if an error observed
1) emergency stop;

2) normal stop.

E.5.6 Basic description of robot (see ISO 10218-1)

b)

d)

e)

tle is

Swing range:

1) restricted space;

2) maximum space;

3) safeguarded space.

Method of limiting(range of motion:
1) hardware control;

2) softwareseontrol.

Method.of safeguarded space interlocking:
1) hardware control;
2)—software—controt:

Collision sensing:

1) hardware control;
2) software control.
End position control:
1) hardware control;
2) software control.
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E.5.7 Types of processed parts
a) Type of geometry:

1) plate;

2) other.
b) Type of material.

E.5.8 Part fixture
a) Automatic location and clamping:

1) by hardware control;

2) by software control.

b) Manual location and clamping.

c) Lpser beam damage potential:

1) due to reflective areas on the tooling;
2) due to surface finish of the tooling.

E.5.9 Material flow into the process zone
a) Automated continuous flow of components.
b) Manual single component.
c) Hrocess zone component access:
1) sliding door;
2) lift door;
3) rolling door;
4) tunnel;
5) other.
d) domponent feed control:
1) by hardware control;
2) by software control;
3) process zone guarding/designed to requirements of this document;

4) process zone enclosure tested to requirements of this document.

E.5.10 Process machine operator
a) Working area:
b) Ipside machine.

c) Qutside*machine.

E.5.11—Maintenance

a) Position of maintenance access doors.
b) Method of machine authorization (key controls).
c) Hold-to-run controls.
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Annex F
(informative)

Guideline for assessing the suitability of laser guards

Identification of hazards

When applying the strategy for selection it may not be possible to use the more effective types
of safety measures because they are either not technically feasible or are not suitable for their

partigearappheation:

In cansidering measures for all the hazards during each relevant phase of machine-fife
assegsment techniques will assist in choosing the best possible combination of slafety
meagures.

The phases of machine life to be considered are:

a)
b)
c)
d)
e)
f)
9)
h)

installation;

bmmission;

c

operation;
setting or process changing;
c

eaning;
i[ijustment;
aintenance;

Brvice.

n

Therg may be conflicting requirements and*priority should be given to those phases which
rise {o the greatest risk. For example;\the maintenance, setting and adjustment phases
require to be given greater emphasis, The aim is to minimize total risk.

F.2

F.2.

Risk assessment and integrity

1 Hazards to bétidentified

As w|th other machinery, all mechanical hazards should be identified.

Thesge hazards)include:

i)

entanglement;

fliction and abrasion:

cutting;

shear;

stabbing and puncture;

impact;

crushing;

drawing in;

injury by compressed gas or a high-pressure fluid system.

Non-mechanical hazards may also be present.

risk

give
may
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These hazards include:

a) access:
1) slips, trips and falls;
2) falling objects and projections;
3) obstructions and projections;
b) handling and lifting;
c) electricity (including static electricity):

shock;

burns;
d) chemicals that are:

toxic;

1
2

c

1

2) irritant;
3) flammable;

4) corrosive;

5) explosive;

e) fire and explosion;

f) npise and vibration;
g) pressure and vacuum;

h) teémperatures (high and low);

i) inhalation of mist, fume and dust;
j) spffocation;
k) ignizing and non-ionizing radiation;

I) bjological, e.g. viral or bacterial.

Many of the safeguards, which aré adopted in order to eliminate personal harm from
mechanical hazards, will need fo-be considered in conjunction with the safeguarding ag
the mechanical hazards identified in order to minimize the total risk level.

F.2.2 Guard reliability

The greater the risk, the greater is the need to protect against it. The reliability of the g
meagure should<increase as the probability or severity of injury resulting from failure o
meagure increases. This applies to safeguards and controls in general, to interlocks a
guard materials.

non-
ainst

afety
f the
nd to

sible

The idéatification of the various hazards should be followed by a careful study of the pos

f '| | - FH £ £l lial HP | a4 4+l | ol + 1
allu S UT LUV TauuITS U TammuTcoswineiT Tyt ioautu T oSt TiazZarusvausiity mijury.— 1

any

system where a failure may adversely affect safety, each component within the system should

be considered in turn. The likely types of failure and their consequences for the system

as a

whole should be taken into account. A formal method of analysis, such as Failure Modes and

Effects Criticality Analysis (FMECA) should be used when higher risks are involved. It is
necessary to consider the reliability of operating procedures when safety depends upon t
This should include both inadvertent and deliberate failure to follow procedures.

also
hem.

Guards should achieve their safety function with minimal downtime and the least reduction in

productivity. It should be recognized that production pressures or well-intended zeal could

lead

to safeguards being defeated. Designers should design and construct safeguards to make
bypassing or defeating them, whether deliberately or by accident, as difficult as is reasonably

possible.
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Annex F only considers the features of guards that directly relate to giving protection from
excessive exposure to laser radiation.

A number of special hazards should be considered associated with:

a) the type of machine;

b) the wavelength(s) of laser radiation;

c)
d)

F.2.
F.2.

The

F.2.
ISO

functjons. These parts can consist of hardware or software and they-provide the safety funa
of thg control system. They can be separate or integrated parts of the control system
perfdrmance of a safety related part of a control system with respect to the occurrence of f

number of axes of movement of the machine;

complexity of beam path.

Practical risk assessment methods
3.1 Generalized risk assessment methods

se methods are outlined in Annex E.

3.2 Risk assessment as suggested in ISO 13849-1

3849-1 deals with those parts of machinery control systems assigned to provide s

afety
tions

The
aults

is allpcated in ISO 13849-1 into five categories (B, 1, 2, 3, 4)which should be used as referlence
pointp.
The ¢ategory selected, as defined in ISO 13849-1, will depend upon the machine and the ¢

to which control means are used for the protectivermeasures.

When selecting a category and designing a safety-related part of a control system, the des

will

The yse.of the categories as reference points and the declaration of rationale followed d

the

need to declare at least the following information about the safety-related part:

thhe category or categories selected;
the functional characteristics;

the precise role the safety:related control plays in the machinery protective measure(s);

the exact limits of the safety-related control;
all safety-relevant faults considered;

those safety-relévant faults not considered by fault exclusion and the measures emp
te allow their.exclusion;

the parameters relevant to the reliability, such as environmental conditions;

the technology or technologies used.

xtent

gner

~

oyed

uring

design process are intended to allow [SO 13849-1 to be used with flexibility. ISO 13

49-1

provides a clear basis upon which the design and performance of any application of the safety-

rela

ted part of the control system (and the machine) can be assessed.

The main body of ISO 13849-1 describes the process for selection and design of the safety
measures together with the characteristics of the safety functions and the fault considerations.

Annex B of ISO 13849-1:2015 is particularly useful in providing guidance on the selection of
categories including a method for risk estimation.
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F.2.3.3 ALARP

This method is intended to reduce risks to "as low as reasonably practicable" (ALARP) by means
of a structured approach to design and implementation. The main tool is to use good practice.
In this context, good practice is the generic term for those procedures for controlling risk.
Written good practice may take many forms. The scope and detail of good practice will reflect
the nature of the hazards and risks, the complexity of the activity or process and the nature of
the relevant legal requirements. Examples of written sources which may be recognized include
guidance produced by government departments, standards produced by standards-
development organizations (e.g. CEN, CENELEC, ISO, IEC) and guidance agreed by a body
(e.g. trade federation, professional institution) representing an industrial/occupational sector.

TabIJa F.1 shows how ALARP could be applied.

Table F.1 — Application of ALARP

Project stage Elements in demonstrating that risks are
as low as reasonably practicable

Choogsing between | Risk assessment and management in accordance with good design“principles.
optiops or concepts ) . . .

Demonstrating that duty-holder's design safety principles méget fegal requirements.
Demonstrating that chosen option is the lowest risk or justification, if not the lowest risk.

Comparison of option with best practice, and confirmatijon that residual risks are no grgater
than the best of existing installations for comparable functions. Risk considered over life of
facility and all affected groups considered.

Societal concerns met, if required to consider;

Detailed design Risk assessment and management in accerdance with good design principles.
Risk considered over life of facility and’all affected groups considered.
Use of appropriate standards, cedes, good practice, etc. and any deviations justified.

Identification of practicable risk reduction measures and their implementation unless
demonstrated not reasonably practicable.

F.3 | General design

Designers of new machinery, where considering safety, should follow the general principleg laid
dowr] in ISO 12100, atso-taking into account any other specialized standards that relate tp the
particular machine( As a practical guide whenever practicable, hazard zones should be
elimipated or effectively enclosed. If they cannot be eliminated, then suitable safeguarding
should be incorparated as part of the design or made easy to incorporate at a later stage.

At the design stage, arrangements should be made, where practicable, to eliminate the need to
expopelany hazard zones during operation, examination, adjustment and maintenance.

Designers should take into account the ergonomics of the machinery use, i.e. they should
consider all aspects of the work situation for which the machine was intended. The objective is
to provide for laser safety while giving the optimum performance of the machine and operator.

Among the aspects to consider is the creation of a favourable environment for the operator and
others in the vicinity nearby, providing heating, cooling, lighting and, where necessary,
mechanical aids to reduce physical effort and controlling to an acceptable level the emission of
heat, light, laser radiation, noise, dust, fumes and liquids.
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The designer should be aware of the hazards identified above, and as many of these hazards
as possible should have been avoided by suitable choice of design features. Where it is not
possible to avoid these hazards, the designer should have examined the factors which influence
the magnitude of the risk and may influence the severity of the injury. Factors which may
influence the frequency of exposure and hence the probability of injury should also have been
considered.

Controls should be positioned so as to provide safe and easy operation, and there should be
ample clearance between each control and other parts of the machinery. Methods discussed in
IEC 60204-1 and IEC 61310-3 should be adopted.

For Iaser guards particular consideration should be given to:

a) djffficult situations where gaps are necessary;
b) flaps, skirts and brush seals;
c) open top enclosures;
d) jginting between panel sections and window fixings;
e) improving access (e.g. up and over doors, curtains);
f)
g) v
h) s
i) geometrical and general layout considerations;
d
d

—_

e atmosphere inside enclosures: safe to enter (fume and exdess or depletion of oxygen);
ewing windows in enclosures;

econdary (sacrificial) screens;

Esign issues relating to type (wavelength) of{laser, type of beam manipulation, heam
livery, etc.

F.4 | Selection of safeguards

here access to the danger zone is*not required during normal operation of the laser-
rocessing machine, safeguards may be selected for the following:

fixed enclosing guards;

V)
p
1
2) fixed distance guards;
3) movable guards.

V)

b) here persons require access to the danger zone, e.g. for setting, process corregtion,
aintenance or,servicing, operational safeguarding may not be fully effective. In fhese
cjrcumstances, safe-working practices such as isolation should be used, augmented where
necessary with ‘additional safeguards. The use of such practices will require planning and

discipline-by. all concerned.

c) here<access to the danger zone is required for normal operation, safeguards mgy be
selected from the following:

2) adjustable guards;
3) temporary guards.

F.5 Guard design and construction

F.5.1 General requirements for the design and construction of fixed and movable
guards

In designing the safeguarding system, the types of guard and the methods of construction
should be selected to take into account the mechanical and other hazards involved, in addition
to the laser radiation hazard. They should provide the minimum of interference with activities
during the operation and other phases of the machine life, in order to reduce any incentive to
defeat the safeguard.
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Guards should preferably be designed to follow the contours of the machine. Where this is not
possible, e.g. for maintenance or because of machine geometry, measures should be taken to
reduce the need for presence within the danger zone. Additional safety measures may be
required to protect personnel working within the danger zone. These may be provided by
safeguards and/or safe working practices.

F.5.2 Fixed enclosing guards

A fixed guard is a guard which is kept closed and in place. Not only should the guard prevent
access to hazard zones or laser radiation, it should be of robust construction, sufficient to
withstand the stresses of the process and environmental conditions.

If thel guard is capable of being opened or removed, this should only be possible with.the zLid of
a too|. Preferably the fastenings should be of the captive type.

When it is necessary for work to be fed through the guard, openings should be)sufficient only
to allpw the passage of material but should not allow the material to get trapped. The guard in
thesg situations should also prevent access to laser radiation, meeting the requirements fqr the
prevention of human access given in IEC 60825-1.

F.5.3 Fixed distance guards

A fixg¢d distance guard is a fixed guard which does not completely enclose the hazard but which
redu¢es access by virtue of its physical dimensions andhits distance from the hazard. An
exanjple of a distance guard is the perimeter fence surrounding a machine. This type of quard
requires extreme care in design if human access to excessive laser radiation is to be prevented.
The $urrounding guard of an open topped laser procéssing machine may be considered a|fixed
distahce guard if it is sufficiently high so as to prevent human access to the laser radiatiop.

F.5.4L Movable and interlocking guards
n

An interlocking guard is a guard which is¢movable or has a movable part, and whose movement
is interconnected with the power or control of the machine.

An interlocking guard should be(so connected to the machine control that:

a) uptil the guard is closed the interlock prevents the generation of hazardous laser radiation
bl interrupting its pewer source or closing a beam shutter;

b) ejther the guard remains locked and closed until the risk of injury from the hazard has
ppssed or opening the guard causes the hazard to be eliminated before access is possible.

Interlocking riserand fall screens, which are capable of inflicting injury in the event of their falling
undef gravityy should be provided with a suitable anti-fall device. Some interlocking guardq may
be power.driven and, in such cases, adequate steps should be taken to avoid injury due tp the
movgment of the guard.

The interlocking system may be mechanical, electrical, hydraulic or pneumatic or any
combination of these. The type and mode of operation of the interlock itself should be
considered in relation to the process to which it is applied. The interlocking system should be
designed to minimize the risk of failure to danger and should not be easily defeated.

F.5.5 Adjustable guards

An adjustable guard is a fixed or movable guard which is adjusted as a whole or which
incorporates an adjustable part or parts. The adjustment remains fixed during a particular
operation. It is essential that a suitably trained person carefully carries out the adjustment.
Regular maintenance of the fixing arrangement is necessary to ensure that the adjustable
element of the guard remains firmly in place once positioned. The guard should be so designed
that the adjustable parts cannot easily become detached and mislaid.
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F.5.6 Temporary guards

Temporary guards are those that may be positioned during maintenance or service and may be
appropriate to supplement overall protection from the laser radiation hazard during the period
that permanent guards normally mounted on the processing machine are displaced or removed.
Adequate warning signs should be placed on or adjacent to the temporary guards to augment
any additional administrative protection measures to ensure the effectiveness of the temporary
guards. Procedures should be put in place to ensure that the displaced or removed permanent
guards are replaced and the temporary guards removed before the processing machine is
returned to normal operation.

F.6 | Guard construction and materials

F.6.1 General

Any guard selected should not itself present a hazard such as trapping or shear points, mough
or shiarp edges or other hazards likely to cause injury.

Guard mounts should be compatible with the strength and duty of thecguard.
Powgr operated guards should be designed and constructed so(that a hazard is not created.

ISO 14120 gives general requirements for the construction of fixed and movable guardg and
shoul|d be considered in addition to this document.

F.6.2 Materials

F.6.2.1 General

lecting the material to be used for the construction of a guard, consideration shou|d be
to the following:

ability to withstand the forces of any foreseeable hazard associated with the [laser
processing machine. The guatd may fulfil a combination of functions such as the prevention
of access and containment-of hazards. These hazards include laser radiation, ej¢cted
pprticles, dust, fumes, noise, etc. One or more of these considerations may goverh the
selection of guard materials;

b) its weight and sizé in‘'relation to the need to remove and replace it for routine maintenance;

c) its compatibility with the material being processed. This is particularly important in the|food
processing,orpharmaceutical industry where the guard material should not cause a sgurce
of contamination;

d) it ability to maintain its physical and mechanical properties after coming into contac{ with
pptential contaminants generated or used during processing operations or cleaning or
sterilizing substances used during maintenance

F.6.2.2 Solid sheet metal

Metal has the advantage of strength and rigidity and in solid sheet form is particularly suitable
for guarding where adjustments are rarely needed and there is no advantage in being able to
see the working operation within the process zone. However, care should be taken to ensure
that, where necessary,

a) sufficient ventilation is provided for the guard to prevent overheating within the process
zone, and
b) the guard does not create a noise or vibration resonance.

Data is shown in Figure F.1 to Figure F.22 that will aid the selection of suitable materials that
withstand the foreseeable worst case laser radiation exposures.
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F.6.2.3 Glass

Glass is unsuitable for guard manufacture due to its tendency to rupture. However, where a
laser process is required to be observed and the material is likely to be exposed to high
temperatures or abrasive action, a safety glass, which provides adequate protection from laser
radiation (by internal absorption of the laser radiation within the material or suitable reflective
optical coatings on the surface of the guard material), may be suitable. Methods for determining
the suitability of such materials are given elsewhere in this document.

F.6.2.4 Plastics

Transparentplastesheetmaterialsmay-beusedintaserguardingasanalterns

matefials especially where observation is required during the processing operation.

Plastic materials available for guarding purposes include polycarbonate and specially [dyed
acryl|c sheet. It is essential that these materials are selected with appropriate eptical protdctive
properties for the wavelength and power of the laser source fitted to the' laser procegsing
macline.

The [mechanical properties of many plastics are adversely affeeted” by contaminantg, by
incorfect cold working and by continuous exposure to high temperatures or UV radiation.
Cont|nuous exposure to high temperature (polycarbonate: 135 °C, acrylic sheet: 90 °C)) will
causg softening and consequently lowering of both impact strength and other optical properties.

Any lemoval of the surface material may reduce the optital protective properties of the maLeriaI
at lager wavelengths and the provision of additional\sacrificial mechanical protective layers
shoul|d be considered.

Most| plastics have an ability to hold an_ eléctrostatic charge. This can create a rigk of
electfostatic ignition of flammable materialsiand can also attract dust. This characteristi¢ can
be mjtigated by the use of an anti-static preparation.

F.6.2.5 Other materials

Congrete block work may be an(ffective material for some guard construction and is frequently
used|for large CO, laser pracessing machine enclosures.

F.6.3 Supports

Guards may be fastened to independent supports or to the machinery itself. The numbef and
spac|ng of the fixings should be adequate to ensure stability and rigidity of the guard.

Whefe necessary, there should be clearances around the guard for cleaning and debris
removaly etc., provided that this clearance does not allow access to the hazard zones.

F.6.4 Cover plates

Removable panels or cover plates may be incorporated into guards to provide easy access or
improved visibility. They should be treated as part of the guarding system and may be
considered as either fixed or interlocking guards depending upon the process requirements.

F.6.5 Anthropometrical considerations

Guards should be designed and constructed with the object of preventing any part of the body
from reaching the danger zone. They should take into account the physical characteristics of
the people involved and in particular their ability to reach through openings and over or around
barriers used as guards. The best approximation of currently available data for human body
measurements (anthropometrical data) is given in ISO/TR 7250-2.


https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

-50 - IEC 60825-4:2022 © |EC 2022

F.7 Other safety devices

F.7.1 Trip devices

A trip device is a device which causes working machinery to stop, or assume an otherwise safe
condition, to prevent injury when a person approaches the danger zone beyond a safe limit.
The device will be required to keep the machine in this condition while the person remains
within the danger zone unless other means of fulfilling this function are provided.

A trip device should be designed to ensure that an approach to a hazard or danger zone beyond
a safe limit causes the device to operate and the hazard to be terminated before injury can be
inflicted.

A trig device should be designed so that after it has been operated it may be reset automatjcally
or manually; restarting should then be by means of the normal start actuator. The trip device
operation should not be impaired by any extraneous influences.

F.7.2 Electro-sensitive protection equipment

o-sensitive protective equipment is sometimes referred to-as-intangible barrierg and
operates as trip devices on the principle of detecting the approach of persons or paits of
persgns into danger zones, etc. The means of detection cane-active opto-electronic, dctive
electronic responsive to diffuse reflection, passive cinfra-red, capacitance, indugtive,
wave, or visual intrusion. The effectiveness of the complete installation will depenf not
n the integrity of the electro-sensitive protective equipment, but also on the electrical and
anical integrity of the remaining installation, .and the location of the electro-sensitive
ctive equipment sensing device relative to the.danger zone.

Control systems (keys, pressure-sensitive mats, light curtains)
.1 Captive-key systems

rally a captive-key interlocking device is a combination of an electrical switch with a
anical key operated lock sectred to the fixed part of the machine. The operating E/ey is

aptive on the moveable, part of the guard. To open the guard, the key is turned, which
he switch into the "off'/pesition and releases the key from the lock so that the guard can
ened.

Some captive-key systems are made up of trapped-key interlocking systems. In a trapped-key
interlocking system“the guard lock and a switch that incorporates a lock, are separate as
oppoked to being-combined into a single unit. The essential feature of the system is that the

arrarjged sonthat the key can be released only when the guard has been closed and lo¢ked.
llows transfer of the key from the guard to the switch lock. Closing the switch traps the
key do.that it cannot be removed when the switch is in the "on" position.

F.7.3.2 Pressure-sensitive mats

Pressure-sensitive mats and floors contain sensors that operate when a person or object
applies pressure to the mat or floor. They should be subject to periodic maintenance and
inspection, since by their nature, pressure-sensitive mats are exposed to potential damage that
can result in failure.

The dimension of mats should take into account a person’s speed of approach, length of stride
and the overall response time of the protective device. Care should be taken that access cannot
be gained without actuation of the mat or floor. Account should be taken of dead surfaces within
the mat especially around their edges, when a number of mats are used together. Guidance on
the application of pressure-sensitive mats may be found in IEC TS 62046. A pressure-sensitive
mat may be appropriate to indicate the presence of a person inside the machinery and/or stop
the machinery if required.
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F.7.3.3 Light curtains

Light curtains often operate on the principle of the detection of an obstruction in the path taken
by a beam or beams of light. The intangible barrier operated by this system may consist of a
single light beam device or a number of light beam devices arranged as a curtain. The curtain
also may be created by a scanning light beam or a number of fixed beams. The light may be
visible or invisible. The requirements for the design and performance of these devices for
protective purposes are specified in IEC 61496-2.

F.8 Interlocking considerations

F.8.1 Functions of interlocks

An interlock provides the connection between a guard and the control system.of. the [laser
procgssing machine to which the guard is fitted. The interlock and the guard)with whjch it
operates should be designed, installed and adjusted so that:

a) uptil the guard is closed the interlock prevents laser emission by interrupting the laser heam
ejther by means of a beam attenuator or by removal of power from(the laser;

b) ejther the guard remains locked closed until the risk of injury-from the hazard has [peen
removed, or opening the guard causes the hazard to be-eliminated before acceps is

ppssible.

Care|should be taken to ensure that actuation of an interlock installed to protect agains} one
hazafd does not create a different hazard.

F.8.2 Interlocking media

The four media most commonly encountered indnterlocking are electrical, mechanical, hydfaulic
and pneumatic. Electrical interlocking, particularly in control systems, is the most common| The
princjples of interlocking apply equally toiall media. Each has advantages and disadvantages,
and the choice of interlocking medium will depend on the type of laser processing machine and
the method of access to hazard zones.

Somg interlocking systems hawé._more than one control channel, e.g. dual control systems. It is
often| advantageous to designjthese systems so that similar failures in both channels from the
samg cause (common cause failures) are minimized.

F.8.3 Common interlocking methods
F.8.3.1 Guard'locking power interlocking

With |guard-locking power interlocking, the power medium is interrupted directly by a gingle
devide which is arranged so that:

a) thedevice physicatty prevents—theguard—frombemgopened-whitethe—powermedium is
uninterrupted,;

b) the device is physically held by the guard in the position which is interrupting the power
medium when the guard is open.

F.8.3.2 Interlocking guard power interlocking

With interlocking guard power interlocking, the power medium is interrupted directly by a single
device that is automatically operated by movement of the guard. The guard and device should
have been arranged so that the power medium is interrupted as the guard is opened, and
remains interrupted while the guard is in any position other than closed.
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F.8.3.3 Dual-control system interlocking with cross monitoring

In dual-control system interlocking with cross-monitoring, there are two separate power
interrupting devices, each capable of interrupting the power medium. The devices should be
arranged in series, so that the operation of either will result in the interruption of the power
medium. These are operated by individual devices actuated by the guard.

The power interrupting devices should have been monitored so that the failure of either their
control systems or the interrupting devices themselves, to respond to the control system signal
will be immediately detected and a further operating cycle of the laser processing machine
prevented. The circuitry of each power interrupting device, including its operating device, should
be kgptphysicatty separatedas farasispracticabte; toreduce theprobabitity of the-mtertorking
systgm failing to danger as a result of common cause failures.

F.8.3.4 Dual-control system interlocking without cross monitoring

Dual{control system interlocking without cross-monitoring follows the same principles as {hose
descfibed above but without the facility to monitor automatically the correct:functioning qf the
two power interrupting devices.

In th¢ absence of automatic monitoring, it is possible for either interlocking channel to fgil to
danger and for the fault to remain undetected, which then reduces the integrity of the sylstem
to that of single-control system interlocking. For dual-control system interlocking without cfoss-
monitoring to function effectively, however, it is important that a regular check is carried qut to
ensufe that both channels are working correctly. The frequency of checking will depend op the
reliability of the components used and the conditions under which the interlocking system is
operating.

F.8.3.5 Single channel system interlocking

Singlie-control system interlocking employs\an interlocking device which indirectly interrupts the
powdr medium by operating a single power interrupting device via a control system. It doefs not
have|a high level of integrity because-of the greater possibility of single component failyre in
the siystem causing the whole systemJto fail to danger. The system, therefore, should have peen
designed and installed using thexminimum number of components.

The $ystem should be inspected and tested regularly and any worn or damaged components
replajced or repaired.

F.8.:| Failures.of-interlocking systems
F.8.4.1 General

Interlocking-systems should be designed to minimize the possibility of the interlocking syjstem
as a whel€g to fail to danger.

As power supplies frequently fail, components relying on the power supply for their functioning
should be installed so that power loss minimizes failure to danger of the system as a whole.

F.8.4.2 Types of failure
The most common types of failure from which an interlocking system may suffer are:

a) failure, interruption or variation of externally supplied power;

b) open circuits in electrical systems;

c) mechanical failure, e.g. breakage or seizure;

d) malfunction due to electrical environment, i.e. mains borne or radiated disturbance;

e) malfunction due to vibration;
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f) malfunction due to power supply contamination;

g) earth faults, i.e. accidental connection of a conductor to earth causing, for example,
unexpected start-up or failure to stop;

h) other single component failures leading to change of characteristic or loss of function;
i) cross-connection failures causing, for example, unexpected start-up or failure to stop.

Measures can be taken to minimize the consequences of single failures in interlocking
systems. These may include the use of additional control or monitoring circuits. However,
the system as a whole can still fail due to multiple undetected failures, e.g. common cause
failures or undetected failures followed by further failure.

Compon cause failures may typically result from:

Kternal environment e.g. contamination from dust, electrical disturbances;~extreme
temperatures, vibration or radiation;

D

k) cpmponents from a substandard batch being used in each channel;
) damage due to localized fire or impact.

F.8.5 Security of interlocking systems

The gecurity of an interlocking system can be improved by avoiding motives for its defeat ahd/or
by mpking defeat more difficult.

The {lesign of the safeguarding system should have taken-full account of the need for hiiman
interyention in the machine during any phase of its life:

Wayg in which defeat may be made more difficult include:

a) the use of interlocking devices or systems.Which are coded;
b) physical obstruction or shielding of thelinterlocking device while the guard is open.

F.8. Integrity of interlocking systems

The integrity of an interlocking system will depend not only on the direct effects of failurgs or
defeats, but also whether or not-those failures or defeats lead to damage to other components
or inferconnections within the)system. Therefore, an important consideration should be dircuit
protection.

Othef basic criteria for improving the integrity of an interlocking system include:

a) cprrect installation;

b) gpod quality, high integrity components, protected to withstand the environment (inclliding
ppssible reflections of laser energy) and rated for the duty they have to perform;

c) inimizing by design, manufacture and correct installation, the probability of an earth| fault
occurring;

d) minimizing failure to danger;

e) minimizing defeat.
F.8.7 Choice of interlocking system
Interlocking systems should be selected for particular applications taking account of:

a) the frequency with which approach to the danger zone is required;
b) the probability and severity of injury should the interlocking system fail;

c) the resources required to reduce the risk of injury.
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Electrical considerations

2022

Electrical control systems can fail in ways that could result in hazardous situations. Particular
attention should be paid to minimizing the probability of this occurring. IEC 60204-1 gives
guidance.

Devices should be selected only from those where the performance, as stated by the
manufacturer, is suitable for the specific safety application. The following performance data
should be considered:

a) resistance to environmental conditions;

b) life evaluation;

c) duty rating;

d) r
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to prevent common cause failures resulting in an overall failure_ 1o danger.
Mechanical considerations

1 Interlocking devices

anical devices for connecting guard movementwith the machine power or control sy
ake various forms but will generally perform the same function. They will usual

ged so that operation of the guard and thé machine can only be carried out in a cd
sequence.

2 Mechanical interlocking methods

e electrical, hydraulic or pneumatic systems, it is unusual for mechanical systems

than a single-control system.

The :[asic elements of single=control system interlocking are:

e actuating device‘operated by the guard;
terposed mechanical linkages, if any;
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c) the device forpreventing the emission of laser radiation or preventing the power tq@ any
other hazard.

ReddJcing the number of interposed linkages reduces the probability of the system failing to

dangett

F.8.10 Pneumatic and hydraulic considerations

F.8.1

0.1 Interlocking devices

Devices used for interfacing guard movement include:

a) cam-operated valves;

b) captive-key valves; tap-key control of pneumatic valves;

c) p
d) p

neumatic jet detection valves;
neumatically or hydraulically operated locks.
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When valves are selected for safeguarding applications, the valve operating parameters
(pressure, temperature, etc.) and reliability should be suitable for the environment and the duty
envisaged.

F.8.1

0.2 Pneumatic or hydraulic interlocking methods

In general, interlocking methods as described in F.8.3 are applicable. These methods include:

a) single-control system interlocking;

b) d

ual-control system interlocking with or without cross-monitoring;

c) p

ower interlocking
g

All piping, hoses, etc., between control valves and interlocks should be suitable for the\fluig and
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ting environment, correctly sized and rated for maximum flow and pressure and, W
ssary, further effectively protected and securely mounted. Pipework fittings’ shou
ted to ensure their integrity does not compromise the overall integrity of\the interlo
m.

Environmental considerations

Environment

election of a safeguard should take into considerationthe environment in which it is
hostile environment it should be capable of withstanding the conditions likely
Ffienced and should not of itself create a hazard, as a result of that environment.

Corrosion

uard is likely to be exposed to a corrgsion risk, special measures should be taken
of corrosion-resistant materials or) corrosion-resistant surface coatings shoul
dered.

Hygiene and guard design
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SO disigned that they are not only safe to use but can be readily cleaned. Materials use

uards should be non-toxic, non-absorbent, shatterproof and readily cleanable an
cted by the materijal being processed or by cleaning or sterilizing agents.

e the_proecess gives rise to hazardous or objectionable levels of vapours, fumes or
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ds used in certain industries, notably for processing of food or pharmaceuticals, should be
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dust,

inmeént or suitable extraction equipment should be provided. The levels of exposu
s fume or dust should conform to the occupational exposure limits and occupat

Noise

re to
ional

Consideration should be given to noise reduction when designing safety enclosures and guards.
It is often possible for guard enclosures to be designed to serve a dual purpose of protecting

against laser radiation hazards together with mechanical hazards and

emissions. Guards should not add to the noise levels because of poor design or fixing.

reducing noise
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Installation consideration — Environmental factors — Services

F.10.1 Lighting

2022

When considering the lighting in relation to the laser processing machine the following aspects

affec

t the safety of the people involved:

a) the direction and intensity of the light;

b) the contrast between the background and local illumination;

c) the colour of the light source;

e) t
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d) rIerctlon, glare and shadows;

the }aterial in its path(e.g. by melting, vaporization, ablation) and the data should be f
I

e visual wavelength transmission characteristics of viewing windows.
2 Cables and pipes
ce pipes and cables should either be placed outside of the process zoneror, when t

pssible, provided with covers of adequate strength and capable of tolerating laser radi
sure under foreseeable fault conditions.

Maintenance and service considerations

1 Operational maintenance of safeguards

maintenance of safeguards, once they are taken(into use, is essential to their conti
fiveness.

enance programme.

2 Properties of laser guard-materials

by of illustration, Figure F.#to Figure F.22 provide some experimentally-determined
ber beam power and beam diameter for burn-through times of 10 s or 100 s for va
| sheets: the sheets were mounted vertically and the front surface painted black; an
beam was horizontal. Burn-through time is the time taken for the laser beam to re

ength and beam profile) and the condition of the guard surface.

performance of a laser guard may also be dependent on its particular design
Cationjtand it is recommended that the suitability of a laser guard design is verifig
uate-performance testing.

Some examples of various guard materials are shown in Figure F.1 to Figure F.22.

Figure F.1 — 1 mm thick zinc coated steel sheet for CW CO, laser

Figure F.2 — 1 mm thick zinc coated steel sheet for CW CO, laser

Figure F.3 — 2 mm thick zinc coated steel sheet for CW CO, laser

Figure F.4 — 2 mm thick zinc coated steel sheet for CW CO, laser

Figure F.5 — 3 mm thick zinc coated steel sheet for CW CO, laser

Figure F.6 — 3 mm thick zinc coated steel sheet for CW CO, laser

Figure F.7 — 2 mm thick aluminium sheet for CW CO, laser

his is
ation
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p should be regular inspection of safeguards'to ensure that the requisite standard of slafety
is maintained. The routine inspection of safeguards should be made as part of a pla

nned

imits
rious
d the
move
aken

s a guide, since values can vary widely depending on the beam parameters (inclyiding
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d by
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Figure F.8 — 2 mm thick aluminium sheet for CW CO, laser
Figure F.9 — 1 mm thick stainless steel sheet for CW CO, laser
Figure F.10 — 1 mm thick stainless steel sheet for CW CO, laser
Figure F.11 — 6 mm thick polycarbonate sheet for CW CO, laser
Figure F.12 — 6 mm thick polycarbonate sheet for CW CO, laser

Figure F.13 — 1 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figure F.14 — 1 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figu ; i i
Figude F.16 — 2 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figude F.17 — 3 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figune F.18 — 3 mm thick zinc coated steel sheet for CW Nd:YAG laser
Figune F.19 — 2 mm thick aluminium steel sheet for CW Nd:YAG laser
Figude F.20 — 2 mm thick aluminium steel sheet for CW Nd:YAG laser
Figune F.21 — 1 mm thick stainless steel sheet for CW Nd:YAG laser
Figune F.22 — 1 mm thick stainless steel sheet for CW Nd:YAG laser

|:| No burn-through

. Potential burn-through
50

Spot size (mm)
D
o
I
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0 1 2 3 4 5
Laser power (kW)

IEC

Figure-F.1 — Damage resistance of 1 mm thick zinc coated steel
sheet derived from 10 s exposure to a defocused beam
during experiments using a CW CO, laser



https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

- 58 - IEC 60825-4:2022 © |EC 2022

D No burn-through

. Potential burn-through
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Figure F.2 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through
. Potential burn-through
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Figure F.3 — Damage resistance of 2 mm thick zinc coated steel sheet
derived‘from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

[ ] No burn-through

. Potential burn-through
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Figure F.4 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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Figure F.5 — Damage resistance of 3 mm thick zinc coated steél sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser
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Figure F.6 — Damage resistance of 3 mm thick zinc coated steel sheet
derived-from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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. Potential burn-through
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Figure F.7 — Damage resistance of 2 mm thick aluminium sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser
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Figure F.8 — Damage resistance of 2 mm thick aluminium sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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Figure F.9 — Damage resistance of 1 mm thick stainless steel sheet
derived:from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

|:| No burn-through
. Potential burn-through

Spot size (mm)

3 4
Laser power (kW)

Figure F.10 — Damage resistance of 1 mm thick stainless steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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Figure F.11 — Damage resistance of 6 mm thick polycarbonate sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW CO, laser

D No burn-through
. Potential burn-through
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Figure F.12 — Damage resistance of 6 mm thick polycarbonate sheet
derived'from 100 s exposure to a defocused beam during
experiments using a CW CO, laser
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|:| No burn-through

. Potential burn-through

Spot size (mm)

0 1 2 3 4

Laser power (kW) IEC

Figure F.13 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laseér

D No burn-through
. Potential burn-through
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1 2 3 4
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Figure F:14 — Damage resistance of 1 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.15 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laseér
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Figure‘F.16 — Damage resistance of 2 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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|:| No burn-through
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Figure F.17 — Damage resistance of 3 mm thick zinc coated steel sheet
derived from 10 s exposure to a defocused beamduring
experiments using a CW Nd:YAG laser
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. Potential burn-through
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Figure F.18 — Damage resistance of 3 mm thick zinc coated steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.19 — Damage resistance of 2 mm thick aluminium sheet
derived from 10 s exposure to a defocused beamiduring
experiments using a CW Nd:YAG laser

|:| No burn-through
. Potential burn-through
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Figure F.20 — Damage resistance of 2 mm thick aluminium sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figure F.21 — Damage resistance of 1 mm thick stainless isteel sheet
derived from 10 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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Figufe F.22 — Damage resistance of 1 mm thick stainless steel sheet
derived from 100 s exposure to a defocused beam during
experiments using a CW Nd:YAG laser
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G.1

Annex G
(normative)

Guided beam delivery systems

General

Annex G addresses the arrangement, installation and use of guided beam delivery systems.

b) ¢

X G is not applicable to

mbedded beam delivery components and systems,inside the protective housing 9
ser radiation generator;

bmmunications applications;

c) npedical applications.

G.2

G.2.1

General requirements

General considerations

The fisks associated with the hazards relevant to the beam delivery systems shall be asss¢

as pa
asse
shall
who

rt of the overall requirements for risk assessment of the machine. The principles fo
5sment given in ISO 12100 shall be used in carrying out this assessment. This assess
determine the acceptable level of risk and the necessary protective measures for pel
can be exposed tothose hazards, while maintaining an acceptable level of performan

the mpachine.

a) f
in

Haerds can résult from, but are not limited to, the following causes:

ilures)faults or damage in the protective housing or other mechanical protective meaj
corporated in the beam delivery system resulting in the inadvertent emission of

laser
- the
d in
laser
also
and
ts of

f the

ssed
I risk
ment
sons
ce of

bures
laser

radiation from the protective hmlqing;

b) failures or faults in the beam path components resulting in damage to the protective housing

o

r other protective devices;

c) failures or faults in the associated equipment or controls resulting in injury or malfunction

(0]

r failure of the safety functions of the laser processing machine;

d) failures or faults from reasonably foreseeable misuse or abuse resulting in the inadvertent

e

mission of laser radiation from the protective housings.

The engineering and administrative controls adopted are a combination of the measures
incorporated at the design stage and include those instructions to be followed by the user.

Design shall be the first consideration in the reduction of risks. Where this is not sufficient to
eliminate risks to a negligible level, additional safeguarding and safe working procedures shall
be considered.
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NOTE Examples of risk assessments and potential solutions for risk reduction measures are shown in Clause G.5.
G.2.2 Protective housing

The requirements for protective housing are specified in 6.2.1 and 6.2.2 of IEC 60825-1:2014.

G.2.3 Access panels and safety interlocks for beam delivery systems using free
space transmission

The requirements for access panels and safety interlocks are specified in
IEC 60825-1:2014, 6.3.

A saflety interlock shall be provided for access panels of protective housings of free space tLeam
delivery systems that may include beam shaping and beam switching components when:

a) the access panel is intended to be removed or displaced during maintenance 'or operjation
of the laser processing machine, and

b) the removal of the panel gives access to laser radiation levels designatediby "X" in Table 13
of IEC 60825-1:2014.

The gafety interlock shall be part of a design that prevents the removal of the panel untjl the
accepsible emission levels are below the AEL defined above~ Inadvertent resetting of the
interlock shall not in itself restore emission values above the limits specified in 5.3.

If a deliberate override mechanism is provided, the requirements in 6.3.2 of IEC 60825-1:2014
shalllapply.

All sgfety interlocks, safety monitoring devices or associated safety-related control circuits|shall
meet| the requirements specified in ISO 12100,and IEC 61508 (all parts) or ISO 13849-1 with
respect to the general requirements for guards together with the requirements related to
interlock devices and safety monitoring devices and their application in safety-related control
circults.

G.2.4 Safety interlocks for beam delivery systems using fibre optic cables or other
beam waveguides

Remgpval or displacement of“a fibre optic cable (or other form of beam waveguide) in a beam
delivery system shall be allowable only under at least one of the following conditions.

a) With the use of a“key or tool at the point of connection to allow access, removjal or
displacement of the fibre optic cable by skilled or trained persons.

b) With the prevention of emission from the fibre optic cable by the termination of emigsion
flom the\laser prior to access to the fibre optical cable end on the removal or displacement
of the'fibre optic cable. This may be accomplished by the use of interlocks at the interfaces
that«€an be displaced.

c¢) Removal or displacement of the fibre optic cable without the use of a key or special tool and
without the termination of laser radiation emission from the laser shall be possible only when
other protective measures are provided to ensure that personnel are not exposed to laser
radiation that will cause injury. These protective measures shall be clearly described in the
user instructions together with the necessary procedures for their use.

When a safety interlock is used, removal of the protective housing shall not permit human
access to accessible emission levels above the applicable AEL in Table 13 of
IEC 60825-1:2014. Inadvertent resetting of the interlock shall not in itself restore emission
values above the applicable AEL in Table 13 of IEC 60825-1:2014. These interlocks shall be
failsafe or redundant and conform to the requirements in the applicable IEC product standard.

If a deliberate override mechanism is provided, the requirements of 6.3.2 of IEC 60825-1:2014
shall apply.
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All safety interlocks, safety monitoring devices or associated safety-related control circuits shall
meet the requirements specified in ISO 12100 and IEC 61508 or ISO 13849-1 with respect to
the general requirements for guards together with the requirements related to interlock devices
and safety monitoring devices and their application in safety-related control circuits.

G.2.5 Environmental conditions

All beam delivery systems shall meet the safety requirements defined in Annex G under all
expected operating conditions and foreseeable abuse and misuse appropriate to the intended
purpose of the laser processing machine. Factors to be considered shall include:

th HZE P -0~ o= | BAEaR-Ra-a-n £ -
a CIItCTIOdC U CTIVITOUTITTIICTIC UT O95Ty

b) cl|imatic conditions (temperature, relative humidity, etc.);
c) al‘uticipated vibration and shock;

d) elJectromagnetic interferences.

G.3 | Verification of safety requirements or protective measures
Gengral conformance with the requirements of Annex G shall be vefified by visual inspection.

Corre¢ct functioning of control devices shall be verified in decordance with functional |tests
specified by the manufacturer.

Verifjcation procedures relating to laser radiation levels’shall conform to IEC 60825-1.

Verif{cation of the information for the user shall\be confirmed by visual examination gof the
handpooks and any other relevant information;

G.4 | Information for users

G.4.1 Technical documentation

In addition to the requirements.of other standards that are used in the manufacture of the [laser
procgssing machine, the following information shall be supplied.

a) Relevant safety-refated documentation and details of safe installation and use of the beam
delivery system(This shall, where appropriate, include:

1) a clear, comprehensive description of the beam delivery system, its installation and
mounting and any connection to the host equipment safety-related controls;

2) elegctrical supply and other control requirements;

3) .daser radiation performance limitations;

4)information on the relevant physical environment.

b) Relevant safety-related documentation for maintenance and servicing procedures
associated with the beam delivery system. This information shall include guidance on the
adjustment, maintenance, replacement and repair, particularly of the protective devices and
control for use by authorized service personnel.

c) List of recommended spare parts for use by authorized service personnel.

d) A description (including interconnection diagrams) of the safeguards, interlocking functions
and interlocking of guards. This description shall include situations when removal or
displacement of the fibre optic cable without the use of a key or special tool and without the
termination of laser radiation emission from the laser shall be possible and when other
protective measures are provided to ensure that personnel are not exposed to laser
radiation that will cause injury. These protective measures shall be clearly described
together with the necessary procedures for their use.
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e) A description of the means provided, where it is necessary, to suspend the safeguarding.

G.4.2 Labelling

Access panel warning labels shall be fitted as required and described in Clause 7 of

IEC 60825-1:2014.

G.5

Examples of risk assessments

Examples of risk assessments are shown below together in Table G.1 and Table G.2 with

pote

tial solutions for risk reduction measures. The list is not comprehensive and alter
L

ative

technjical measures (that may have identical or improved efficiency) for risk reduction._¢3

cons|dered.

Table G.1 — Beam delivery systems using free space beam delivery-systems

n be

Use, reasonably

components in the beam
delivering system.

forgseeable misuse or Failure mechanism Hazard Example of risk redugtion
abuse
Beam directed through Beam switch emits the Laser radiation above Design the beam switching
beanp switching device. laser beam partly or accessible emission limit- | device to avoid this.
wholly guided to an (AEL) of Class 1 at
unexpected beam unexpected beam
delivery system. delivery systen
Beam directed through Beam switch not in Laser radidtion above Monitor the beam switching
beanp switching device. proper position — laser AEL of Class 1 at device and interlock to
beam partly or wholly unexpécted beam ensure the beam switch
guided to unexpected delivery system. components are in the
beam delivery system. correct positions.
Bearph being propagated Mirror or lens damage, Liaser radiation above The beam delivery
throdgh the free space breakage or AEL of Class 1 from protective housing to bg
beam path protective contamination leading,fo openings in beam able to tolerate the
housling. higher degree of delivery system. foreseeable exposure limit
scattered radiation that (FEL) (as defined in 3.11)
may cause defermation as a passive laser guarf, or
of components_in the consider using a correctly
beam delivering system. designed active guard.
Consider apertures to
reduce the amount of
radiation scattered fron| a
defective mirror, or limi
radiation scattered as g
result of misalignment.
Monitor the local
temperature of vulneraljle
beam delivery compongnts.
Bearph being)propagated Mirror breakage leading Laser radiation above The beam delivery
throyghwthe free space to excess heating by the AEL of Class 1 from protective housing to bg
beanmpath protective laser heam I"QQIIH‘ihg in nlhnningc in heam ahle to tolerate the FELU as
housing. the deformation of delivery system. passive laser guard, or

consider using a correctly

designed active guard.

Consider apertures to
reduce the amount of

radiation scattered from a
defective mirror, or limit

radiation scattered as a
result of misalignment.

Monitor the local

temperature of vulnerable
beam delivery components.
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Use, reasonably
foreseeable misuse or
abuse

Failure mechanism

Hazard

Example of risk reduction

Beam being propagated
through the free space
beam path protective
housing.

Mechanical deformations
of protective housing.

(Damage or deformation
due to external forces
great enough to
temporarily or
permanently distort the
physical configuration.)

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system.

The beam path protective
housing designed to
tolerate reasonably
foreseeable mechanical
forces, or provide an
alternative active guard.

Beam being propagated

Displacement of the

Laser radiation above

The use of well-tried proven

throdgh the free space
beam path protective
housjing.

protective housing due to
vibrations etc. that may
cause the beam delivery
system break-up.

AEL of Class 1 from
openings in beam
delivery system.

design methods that
tolerate foreseeable
operating stresses‘and
widely used with‘succe$sful
results in similar
applications.

Conduct régular inspection.

Bearph being propagated
throdgh the free space
beam path protective
housling.

Misalignment of mirrors.

The beam exposing the
protective housing to
levels higher than its
protective exposure limit
(PEL) (as defined in
3.21).

TheUse of well-tried prpven
design methods that
tolerate foreseeable
operating stresses and jare
widely used with succe$sful
results in similar
applications.

Prevent misaligned beam
from propagating furthef in
the beam delivery systgm.

Incorporate apertures and
baffles/barriers to restrict
propagation.

Restrict the number an
extent of adjustments.

Bearph being propagated
throdgh the free space
beam path protective
housling.

Unclear identificatiof/of
beam delivery
components resulting in
incorrect parts being
installed.and subsequent
damage,of both the parts
themselves and other
parts’of the machine or
workpiece.

Laser radiation above
AEL of Class 1 from
openings in beam
delivery system.

Damage to associated
parts of the machine.

Ensure that all beam
delivery system
components and parts 3
labelled to allow easy
identification.

=

e

Provide adequate
instructions to minimize the
risk of using incorrect pjarts
or of incorrect assembly or
adjustment.

Incorporate interlocks tp
prevent incorrect parts pr
assembly.

Incofrect mounting of
beam shaping optics.

Human error.

Laser radiation above
AEL of Class 1 (by
escaping the protected

Provide adequate
instructions to minimiz¢ the
risk of using incorrect pjarts

laser area, or exceeding
the laser guard PEL).

or of incorrect assembly or
adjustment.

Conduct regular
inspections.
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Use, reasonably
foreseeable misuse or
abuse

Failure mechanism

Hazard

Example of risk reduction

Damage of beam
shaping optics.

From collision with
workpiece, overheated
optics due to
contamination or cooling
water failure.

Laser radiation above
AEL of Class 1 (by
escaping the protected
laser area, or exceeding
the laser guard PEL).

Ensure that all beam
delivery system
components and parts are
labelled to allow easy
identification.

Provide adequate
instructions to minimize the
risk of using incorrect parts
or of incorrect assembly or
delleman

Incorporate interlocksgr
mechanical locationkeys to
prevent the use 6f incofrect
parts or incorrect assembly.

Monitorthe local
temperatufre of vulnerahyle
beam\delivery compongnts.

Table G.2 — Beam delivery systems using fibre optic cables

Use, reasonably
bseeable misuse or
abuse

for

Possible failure
mechanism

Hazard

Examples of ris}
reduction

Bean
bean

directed through
switching device.

Beam switch "leaks" —
laser beam partly or wholly
guided to unexpected
beam delivery system.

Laser.fadiation above AEL
of Class 1 at unexpected
beam delivery system.

Design the beam swit
device to avoid this.

thing

Beani
beam

directed through
switching device.

Beam switch not in the
correct position — laser
beam partly or wholly
guided to unexpected
beam delivery system.

Laser radiation above AEL
of Class 1 at the
unexpected beam delivery
system.

Monitor the beam
switching device and
interlock to ensure thd
beam switch compong
are in the correct
positions.

nts

Bean) being coupled into

Damage (ive: thermal) to

The coupling optical

The coupling optical

fibre. coupling\optics. components or assemblies | components or assemlies
overheat to a degree to be designed to hangle
where it damages or power passively.
deforms, resulting in either
leaking radiation or the Interlock of the beam.
production of errant Monitor component
beams. temperature and inter{ock
into the control system.
Bean) being coupled into Damaged fibre at the input | Fibre connector heats up Fibre connector desighed
fibre. surface. to a degree where it to handle power passively.

deforms and laser
radiation is not correctly

Introduce beam monitpring
schemes and interlock into

nnuplorl into-the fibre-

the control system.

Beam reflected from a
work piece or target being
coupled back into fibre.

Damaged fibre at the
output surface and
subsequent burn back or
fusing of the fibre.

Fibre output connector
heats up to a degree
where it deforms and the
fibre optic cable may be
damaged.

Fibre connector designed
to handle power passively.

Introduce beam monitoring
schemes and interlocks
into the control system.
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Use, reasonably
foreseeable misuse or
abuse

Possible failure
mechanism

Hazard

Examples of risk
reduction

Beam in fibre optic cable.

Breakage due to
mechanical forces on the
fibre.

Laser radiation above AEL
of Class 1 emitted from a
broken fibre to the
surrounding environment.
Possible fire hazard.

Fibre to be put inside
protective cover that
protects from mechanical
forces in the operating
environment and potential
misuse/abuse.

Use the protective housing
to limit excessive twist.

Provide strain relief at the

optical fibre terminatigns
to minimize bendifgiand
twisting.

Make the protective
housing,an/active guard
linked into the control
system!

Nlenitor component
temperature and interfock
into the control system.

With fhe laser beam being
direcjed through the fibre
optic| the fibre is subjected
to repetitive flexing.

Breakage due to fatigue.

Laser radiation aboyve AEL
of Class 1 emitted from a
broken fibre to the
surrounding ehvironment.

Design the protective
housing to restrict the
bending radius to pre
fibre breakage.

ent

Provide strain relief a{ the
optical fibre terminatigns
to minimize bending gnd
twisting.

Design a reinforced
protective housing to pe
able to tolerate the lager
radiation of the inner
surface at the protective
housing. Make the

protective housing an
active guard linked info
the control system

With fhe laser beam being
direcfed through the fibre
optic] the fibre is subjected
to repetitive flexing.

Breakage due to other
than mechanical forces
(optical degrading, first
pulses, etc.).

Laser radiation above AEL
of Class 1 from a broken
fibre to the surrounding
environment.

The protective housing to
be able to retain the laser
radiation of the inner
surface of the protective
housing without
breakthrough.

Make the protective
housing an active guard
linked into the control
system.

Uncohnected fibre at the
output of the fibre aptic

Human error.

Laser radiation being
emitted in an undefined

Interlock the fibre
interface/connector

cable emitting laser
radiation from the laser.

Unconnected fibre at the
input of the fibre optic
cable emitting laser
radiation from the laser.

Mechanical loosening of
fixings due to incorrect
assembly or vibrations, for
example.

and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

Ensure that the fixings and
associated tools used to
mount/dismount fibre
interface are adequate.

Minimize the requirement
for the interface to be
interfered with.

Restrict this activity to
service work carried out by
skilled and authorized
personnel with special
training.

Design a reinforced laser
guard.
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Use, reasonably
foreseeable misuse or
abuse

Possible failure
mechanism

Hazard

Examples of risk
reduction

Incorrect mounting of
beam shaping optics.

Human error.

Laser radiation being
emitted in an undefined
and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

Ensure design is
adequately robust. Ensure
instructions are sufficient
for adjustments to be
made securely.

Recommend inspection
intervals.

Dam ge of beam chalr_\lng

Erom-collisionwith

Laser radiation-being

Design-considerations to

optic$.

workpiece, overheated
optics due to
contamination or cooling
water failure.

emitted in an undefined
and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guarded area, or
exceeding any other laser
guard PEL).

inclu?:le the complete laser
guard. Provide collisign
protection or interlockss.

Multiple fibres — mix of
fibreq.

Human error.

Laser radiation being
emitted in an undefined
and uncontrolled direction
leading to potential
exposure above AEL of
Class 1 (by escaping the
laser guardedarea, or
exceeding, any’other laser
guard PEL).

Orientate, mechanically
Interlock or clearly ang
indelibly mark fibre ogtic
cables.

Ensure instructions are
clear and unambiguoys

If the fibre optic cable|

transmit the laser beam to
separate laser guarded
enclosures, interlock fhe
enclosure together with
the fibre optic cable.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

SECURITE DES APPAREILS A LASER -
Partie 4: Protecteurs pour laser

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans les domaines de
I'électricité et de I'électronique. A cet effet, 'IlEC — entre autres activités — publie des Normes internationales,

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au(public (PAS)
Gyides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des,comités d'étud

t des
, aux

trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC{participent égalemept aux
trgvaux. L'IEC collabore étroitement avec |'Organisation Internationale de Normalisation (ISO), selop des

copditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions technique$ représentent, dans la mespre du

popgsible, un accord international sur les sujets étudiés, étant donné que les(Caomités nationaux de I'lEC inté
soht représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les efforts-~raisonnables sont entrepris afin qug

essés

réées
I'EC

s'dssure de I'exactitude du contenu technique de ses publicatiens; I'lEC ne peut pas étre tenue responsaple de

I'éyentuelle mauvaise utilisation ou interprétation qui en est faite’par un quelconque utilisateur final.

4) Ddgns le but d'encourager I'uniformité internationale, les ‘Comités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les, Rublications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées.et-termes clairs dans ces dernieres.

Des dqrganismes de certification indépendants fournissent des services d'évaluation de conformité et, dans c4
sefteurs, accedent aux marques de conformité de I'lEC. L'IEC n'est responsable d'aucun des services eff
paf les organismes de certification indépendants.

6) Tous les utilisateurs doivent s'assurergu'ils sont en possession de la derniére édition de cette publication|.

7) Adcune responsabilité ne doit étre jmputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢gompris ses experts particuliefshet les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas' de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publicatien'ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de]
oulau crédit qui lui est @ccordé.

8) L'gttention est attirée_sur les références normatives citées dans cette publication. L'utilisation de public
référencées est ebligatoire pour une application correcte de la présente publication.

9) L’gttention est dttirée sur le fait que certains des éléments de la présente Publication de I'|EC peuvent faire
de| droits de.brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels drd
brevets,

ute la
nales
es ou

rtains
bctués

aires,
I'lEC,
elque
enses
I'lEC,

ations

’objet
its de

nents

L'IEQ 60825-4 a été établie par le comité d'études 76 de I'lEC: Sécurité des rayonnen

optiques et matériels Taser. 1T s"agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2006,

I'Amendement 1:2008 et 'Amendement 2:2011. Cette édition constitue une révision techn

ique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) Des modifications significatives ont été apportées et la présente édition a été établie
le confort de l'utilisateur.

pour
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
76/704/FDIS 76/711/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.

Le présent document a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé
selor] les Directives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles
sous|www.iec.ch/members_experts/refdocs. Les principaux types de documents)développés
par I'lEC sont décrits plus en détail sous www.iec.ch/standardsdev/publications.
Le comité a décidé que le contenu du présent document ne sera pas modifié avant la dale de
stabilité indiquée sur le site web de I''EC sous webstore.iec.ch dans les.données relativgs au
document recherché. A cette date, le document sera
e rgconduit,
e supprimé,
e remplacé par une édition révisée, ou
e amendé.
IMPORTANT - Le logo "colour inside™ qui se'trouve sur la page de couverture de ce document
indigue qu'il contient des couleurs qui sont considérées comme utiles a une bgnne
compréhension de son contenu. Les dtilisateurs devraient, par conséquent, imprimef ce
document en utilisant une imprimante couleur.
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INTRODUCTION

A de faibles niveaux d’éclairement ou d’exposition énergétique, la sélection du matériau et de
I’épaisseur de la protection contre le rayonnement laser est déterminée essentiellement par le
besoin de fournir une atténuation optique suffisante. Cependant, a des niveaux plus élevés,
une considération supplémentaire est la capacité du rayonnement laser a enlever le matériau
du protecteur — généralement par fusion, oxydation ou ablation, procédés qui peuvent conduire
a un rayonnement laser pénétrant un matériau normalement opaque.

L'IEC 60825-1 traite de questions fondamentales concernant les protecteurs pour laser, y
compris I : ' ' iti i i it des
mandations générales relatives a la conception de capots et d’enceintes de protgction
pour[les lasers de forte puissance.

Les protecteurs pour laser peuvent également étre conformes aux normes pourles’protecteurs
oculdires contre le rayonnement laser, mais une telle conformité n’est pas)nécessairement
suffiqante pour satisfaire aux exigences du présent document.

Lorsque le terme "éclairement énergétique" est utilisé, I'expression implique "éclairemenpt ou
expogition énergétique, selon le cas".
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SECURITE DES APPAREILS A LASER -

Partie 4: Protecteurs pour laser

1 Domaine d’application

La présente partie de I'lEC 60825 spécifie les exigences relatives aux protecteurs pour laser,

permianents et temporaires (par exemple, pour I'entretien), qui protégent la zone de traite
machine a laser, ainsi que les spécifications pour les protecteurs d'origine pour laser.
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ésent document s’applique a tous les composants d’un protecteur, y compris’ les &
(visiblement transmetteurs) et les fenétres d’observation, les panneaux; les rideaux
et les parois.

us, le présent document indique

bmment évaluer et spécifier les propriétés de protection d’un protecteur pour laser, &

bmment sélectionner un protecteur pour laser.

Les exigences pour les composants du trajet du faisceau, les ‘dispositifs d’arrét du faisceau et les
d’un capot de protection d’un appareil a laser qui ne protegent¢as la zone de traitement sont contenue
0825-1.

résent document traite de la protection contre le rayonnement laser uniquement
ers en provenance du rayonnement secondaire qui peuvent se produire au couf

Références normatives

ocuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou
ur contenu, des exigences du présent document. Pour les références datées,
on citée s'applique. Pour les références non datées, la derniére édition du docume
bnce s'applique (y compris les éventuels amendements).

0825-1:2014, (Sécurité des appareils a laser — Partie 1: Classification des matérig
nces

1508 (toutes les parties), Sécurité fonctionnelle des syst
riqués/électroniques/électroniques programmables relatifs a la sécurité
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ISO

1553-1, Securité des machines — Machines a laser — Partie 1: Exigences de securité

laser

ISO 12100, Sécurité des machines — Principes généraux de conception — Appréciation du

risqu

e et réduction du risque

ISO 13849-1, Sécurité des machines — Parties des systemes de commande relatives a la
sécurité — Partie 1: Principes généraux de conception

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC 60825 ainsi que les
suivants, s'appliquent.
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L'ISO et I'lEC tiennent & jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
panneau d'accés
panneau qui, lorsqu’il est retiré ou déplacé, fournit un accés humain au rayonnement laser

Note 1 a l'article: Le gainage autour d’une fibre, les tubes utilisés comme composants de I'’enveloppe ou tout
dispodiTiT qui sert de panneau amovible ou deplacable, peuvent egalement eire designes comme panneau d acces”
selon |es termes de cette définition.

3.2
tempgs de protection du protecteur actif
temps minimal pour une exposition donnée a des rayonnements laser de la,'surface frontale
(incigente) d’un protecteur actif pour laser, mesuré a partir de I’émission d’un gignal
d’intgrruption du protecteur actif, pendant lequel le protecteur actif pourlaser peut empécher
de falgcon sdre au niveau de sa surface arriére le rayonnement laser accessible de dépasser la
LEA [limite d’émission accessible) de la classe 1

3.3
signal d’interruption du protecteur actif
signdl émis par un protecteur actif en réponse a une expasifion excessive de sa surface frontale
au rgyonnement laser, et qui est destiné a entrainér une interruption automatiqug du
rayomnement laser

Note 1 a l'article: L’action d’un interverrouillage de sécurité qui crée un circuit ouvert est considérée commne un
“signal” dans ce contexte.

3.4
protécteur actif pour laser
protegcteur pour laser qui fait partie d*un systeme de commande lié a la sécurité dans l¢quel
toute| défaillance de la surface xfrontale du protecteur pour laser déclenche un signal
d’intgrruption

3.5

systéme de transmission du faisceau

systgme qui comprend tous les composants, y compris tous les composants du faisceau optique
et trajets du, faisceau potentiels et leurs enveloppes, qui lorsqu’ils sont combinés,

transférent le rayennement laser émis par le générateur de rayonnement laser (le laser)|vers

Note 1 a |'article: Ces composants peuvent comprendre tous les éléments pour le guidage, la conformationf et la
commptation du faisceau laser ainsi que I’enveloppe et le support pour les composants du trajet du faiscead. Voir
I'Annefxe pour des informations détaillée iIr le emes de transmission du faisceau guidé

3.6

diameétre du faisceau

dge

plus petit diamétre d'une ouverture circulaire dans un plan perpendiculaire a I'axe du faisceau
qui contient 86 % de la puissance (ou énergie) totale du laser

Note 1 a I'article: Dans le cas d'un faisceau gaussien (TEMqo), dgq est le point auquel I'éclairement énergétique

(exposition énergétique) baisse a 1/e?2 de sa valeur de créte centrale et des moments au second ordre de la
distribution de densité de puissance (ISO 11146-1:2005, 3.2).
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3.7
composant du trajet du faisceau
composant optique qui contribue a définir le trajet de faisceau

Note 1 a l'article: Des exemples de composant de trajet du faisceau comprennent un miroir d'orientation du
faisceau, une lentille de focalisation ou un connecteur a fibre optique.

[SOURCE: IEC 60825-1:2014, 3.16, modifiée— Exemple supprimé et Note 1 a I'article ajoutée]

3.8

droit¢ du faisceau laser au moyen d’ouvertures ou de composants optiques réfléchissjants,
réfringents ou diffractifs

3.9
composant de commutation du faisceau
composant optique ou ensemble de composants introduits dans le trajet du faisceau pour djriger
ou detourner, d’aprés une commande extérieure, le trajet du faisceau,Selon des directipn(s)
prédeéterminée(s), la commande extérieure permettant au trajet du faisceau d’étre commuté
d’une direction prédéterminée a un autre

3.10
cable¢ de fibre optique
composant de guidage du faisceau optique qui permet la transmission du rayonnement lager le
long g’un support transparent

Note 1 a l'article: Un cable de fibre optique peut avoir un\eceur en verre ou tout autre coeur qui transpgrte le
rayonmement laser et peut étre entouré d’une gaine. L’extérieur de la fibre est protégé par une gaine et peut éfre, en
plus, protégé par des couches supplémentaires d'un autre matériau, tel qu'un polymeére ou un métal en ue de
protéder la fibre contre les déformations mécaniquesila pénétration d’eau, etc. Ce terme inclut d’autres formes de
dispoditifs de transmission, telles que des guides dtondes.

3.11
limite prévisible d’exposition
LPE
expogition maximale a des rayonnements laser de la surface frontale du protecteur pour laser,
dans|l’espacement des contrdles d’entretien, évaluée dans des conditions normales et [dans
des gonditions de défauttraisonnablement prévisible

Note 1 a l'article: La spécification compléte d’'une LPE comprend divers éléments dont I'éclairement énergétiue et
la dur¢e d’exposition. 'BDe plus amples informations sont données a I'Annexe B.

3.12
surface frontale
face du protecteur pour laser prévue pour étre exposée aux rayonnements lasers

3.13

protecteur pour laser

écran physique qui limite I'étendue d’'une zone de risque en empéchant le rayonnement laser
accessible au niveau de sa surface arriere de dépasser la LEA de la classe 1

3.14
machine a laser

machine qui utilise un laser pour traiter les matériaux et qui reléve du domaine d’application de
'SO 11553-1

3.15

temps d’interruption du laser

temps maximal pris, a partir de la production d’un signal d’interruption du protecteur actif, pour
que le rayonnement laser soit interrompu
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Note 1 a l'article: Le temps d’interruption du laser ne se rapporte pas a la réponse d’un protecteur actif pour laser,
mais a la réponse de la machine a laser, en particulier de I'obturateur de sécurité du laser.

3.16

espacement des contrdles d’entretien

temps qui s’écoule entre les controles d’entretien de sécurité successifs d’un protecteur pour
laser

3.17

temps de protection du protecteur passif

temps minimal déterminé pour une exposition a des rayonnements laser égale a une limite
d'expasition protégée (LEP) donnée de la surface frontale (incidente) d’un protecteur passif
pour|laser, pendant lequel le protecteur passif pour laser peut empécher de fagon .slfe au
nivedu de sa surface arriére le rayonnement laser accessible de dépasser la LEA de la‘clagse 1

3.18
protecteur passif pour laser
protecteur pour laser qui ne repose pour son fonctionnement que sur ses propriétés physiques

3.19
zone| de traitement
zone|dans laquelle le faisceau laser interagit avec le matériau atraiter

3.20
protécteur d'origine pour laser
protecteur passif ou actif pour laser, proposé par un_fabricant de protecteurs pour las¢r au
marché comme un produit indépendant avec une limife d'exposition protégée spécifiée

3.21
limite d'exposition protégée
LEP
expopition maximale a des rayonnemefts lasers de la surface frontale d’un protecteur|pour
laser{qui empéche le rayonnement laser accessible au niveau de sa surface arriére de dépasser
la LEA de la classe 1 pour le temps:de détection du protecteur passif ou actif déterminé

Note 1 a I'article: En pratique, il peéuty avoir plusieurs expositions maximales a des rayonnements lasers.

Note g4 a I'article: Différentes'LEP peuvent étre attribuées a différents emplacements d’un protecteur pour lager, si
ces emplacements sont claitement identifiables (par exemple, une fenétre d’observation qui fait partie intégrante
d’un protecteur pour laser):

Note § a l'article: A0ir°5.3 pour les exigences de performance et voir 5.4 pour la spécification compléfe. La
spécifjcation compléete d’une LEP comprend divers éléments dont I’éclairement énergétique et la durée d’expopsition.

3.22
surfgce arriére
surface’™d’un protecteur pour laser qui est éloignée du rayonnement laser assoc|é et
généralement accessible a l'utilisateur

3.23

raisonnablement prévisible

<événement ou condition> crédible et dont la probabilité d’apparition (ou d’existence) ne peut
pas étre négligée

3.24
controle d’entretien de sécurité
contréle documenté réalisé conformément aux instructions du fabricant
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3.25

protecteur temporaire pour laser

protecteur de substitution pour laser ou protecteur supplémentaire actif ou passif, destiné a
limiter I’étendue de la zone de risque au cours de certaines opérations d’entretien de la machine
a laser

4 Exigences relatives aux protecteurs pour laser

4.1 Exigences

L'Arti
de tré

4.2 | Exigences de conception

421 Exigence relative au protecteur

Un pgrotecteur pour laser doit satisfaire a I'lSO 12100 en ce qui coficerne les exiggnces
générales pour les protecteurs et également les exigences plus spécifiques concernani leur
emplacement et leur méthode de fixation. De plus, les exigences spécifiques suivantes
concernant les lasers doivent étre satisfaites par un protecteur pourlaser.

4.2.2 Exigences générales

Un protecteur pour laser, a son emplacement prévu, ne-doit donner lieu a aucun danger asgocié
au nijveau ou au-dela de sa surface arriére lorsqu’il est'exposé a un rayonnement laser prifaire
ou up rayonnement optique secondaire jusqu’a la limite d’exposition prévisible. L’Anng¢xe F
fournit des recommandations pour I’évaluation de.Faptitude des protecteurs pour laser.

NOTE[1 Parmi les dangers associés figurent les _températures élevées, le plasma, le rayonnement ultraviolet
excesgif, le dégagement de matieres toxiques, les.incendies, les explosions et I'électricité.

NOTE|2 Voir ’Annexe B pour I’évaluation de“la limite d’exposition prévisible.
4.2.3 Consommables des protecteurs pour laser

Des Hispositions doivent étre)prises pour le remplacement des parties d’un protecteur|pour
laser|susceptibles d’étre .endommagées par le rayonnement laser.

NOTE| Un écran sacrificiel*ou interchangeable constitue un exemple d’une telle partie.
4.3 | Exigences:.de performance

4.3.1 Généralités

Lorsquée‘asurface frontale (incidente) d’'un protecteur pour laser est exposée a un rayonnelment
laserla—ta-timite-d-expositionprévisibleteprotecteurpourtaserdeitempéecherterayrennrement
laser accessible au niveau de sa surface arriéere de dépasser la LEA de la classe 1 a tout
moment dans I’espacement des contrbles d’entretien. Pour les machines a laser automatiques
destinées aux fonctionnements sans surveillance et/ou encadrement, la valeur minimale de
I’espacement des contrdles d’entretien doit étre de 8 h.

Cette exigence doit étre satisfaite pendant la durée de vie prévue du protecteur pour laser dans
les conditions envisagées de fonctionnement.

NOTE 1 Cette exigence implique a la fois une faible transmission du rayonnement laser et la résistance aux
dommages qui résultent du rayonnement laser.

NOTE 2 Certains matériaux peuvent perdre leurs propriétés de protection en raison du vieillissement, de
I’exposition aux rayonnements ultraviolets, de certains gaz, de la température, de I’humidité et d’autres conditions
d’environnement. De plus, certains matériaux transmettent un rayonnement laser sous une exposition a des
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rayonnements laser de forte intensité, méme lorsqu’il n'y a aucun dommage visible (c’est-a-dire, blanchissement
réversible).

4.3.2 Protecteurs actifs pour laser

a) Le temps de protection du protecteur actif doit dépasser le temps d’interruption du laser
jusqu’aux limites d’exposition prévisibles.

b) Si un protecteur actif détecte une exposition excessive, a savoir déclenché, il doit émettre
un avertissement visible ou sonore. Un réarmement manuel est exigé avant que I’émission
laser puisse recommencer.

NOTE Voir I’Annexe C qui développe ces notions.

4.4 | Validation
4.4.1 Validation générale du protecteur

Si le[fabricant de machines a laser choisit de faire un protecteur pour laser,(g'fabricant doit
confifmer que le protecteur est conforme aux exigences de conception et peut satisfairg aux
exiggnces de performance établies en 4.3.

NOTE| Voir I'Annexe A qui donne des recommandations relatives a la conception(et'a la sélection des protefteurs
pour laser.

4.4.2 Validation des performances

4.4.21 Le protecteur pour laser complet ou un échantillon approprié du matériau de
consfruction du protecteur pour laser doit étre soumis_alix essais a chaque LPE identifiéd.

Il est|prévu qu’un tableau des LPE prédéterminées pour les combinaisons communes de lasers
et dg matériaux de protection, fasse, conjointement avec des procédures d’essai appropriées
fassgnt I'objet d’une annexe informative dans.tn amendement ultérieur au présent document.
Celalpeut fournir une alternative simple aux‘essais directs dans la plupart des cas.

NOTE| Voir I’'Annexe B pour I’évaluation de la\LPE et voir ’Annexe C pour une élaboration plus approfondje des
termeg LEP et LPE.

4.4.2/.2 En vue de la réalisation d’essais, I'exposition a la LPE doit étre atteinte soit:

a) eh calculant ou en mesurant I’exposition et en reproduisant les conditions; soit

b) spns quantifier la LRE, en créant les conditions de la machine dans lesquelles la LPE est
produite.

L'étal du protecteur pour laser ou de I'échantillon doit étre représentatif des conditions
phys|ques de~la surface frontale permises dans le cadre des instructions de confroles
périodiques-et’pour la durée utile du protecteur, qui réduisent le plus possible les propriétés de
protegction icontre le rayonnement laser du protecteur pour laser (par exemple, usufe et
contgmigation de surface) (voir 4.5.2).

4.5 Guide de l'utilisateur

4.51 Le fabricant doit fournir a I'utilisateur la documentation qui indique I'espacement des
contrbéles d’entretien pour le protecteur pour laser, fournir toutes les précisions relatives au
contrble et a ses procédures d’essai, au nettoyage, au remplacement ou a la réparation des
pieces endommagées, accompagnés de toutes les restrictions d’utilisation.

4.5.2 Le fabricant doit fournir a I'utilisateur la documentation qui indique qu’aprés toute
activation du systéme de commande de sécurité d’un protecteur actif, la cause doit étre
recherchée et la recherche des dommages doit étre effectuée. Les instructions doivent
également inclure les mesures correctives nécessaires a entreprendre avant de réinitialiser le
systéme de commande.
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5 Protecteur d'origine pour laser

5.1
L'Arti

Généralités

cle 5 spécifie les exigences a satisfaire par les fournisseurs de protecteur d'origine pour

laser.

5.2

Exigences de conception

Un protecteur d'origine pour laser ne doit pas créer de dangers associés au niveau ou au-dela
de sa surface arriere lorsqu’il est exposé a un rayonnement laser jusqu’a la LEP spécifiée,

lorsqu’il est utilisé comme cela est specifie dans le guide de l'utilisateur (voir 5.7).

5.3

Le re
doit
laser|
un p
acce
mom

Cette
cond

5.4

La sq

a)

b) Ig

c) le
d) r

c) ta

fg

Exigences de performance

yonnement laser accessible au niveau de la surface arriére du protecteur 'pour laser ne
as dépasser la LEA de la classe 1 lorsque sa surface frontale est soumise.au rayonnement
a la LEP spécifiée, au moins pendant le temps de protection du protecteur passif.|Pour
rotecteur actif pour laser, cette exigence doit s’appliquer pour)le’ rayonnement |aser
5sible pendant la période du temps de protection du protecteuractif, mesurée a partir du
ent de I'émission d’un signal d’interruption du protecteur actift

exigence doit étre satisfaite pendant la durée de vie'prévue du protecteur dang les
tions prévues d’entretien.

Exigences de spécification
écification compléte d’une LEP doit incluredes informations suivantes:

bmplitude de I'éclairement ou de I'expesition énergétique au niveau de la surface frontale

gr protecteur pour laser (en unités«de Wm™2 ou Jm™2, respectivement) utilisée |pour
e

surer son temps de protection du.protecteur passif et la valeur moyenne ainsi que I’écart-
pe de sa limite de temps d’exposition soumise a I'essai pour le calcul de son temps de
rotection du protecteur passif; spécifiant toute limite supérieure concernant la |zone
exposition;

temps de protection du protecteur passif cité qui comprend le facteur de sécurité de 0,7
oir I’Article D.3 pour le.calcul du temps de protection cité pour les protecteurs passifs|pour
ser);

s longueurs d’onde pour lesquelles cette LEP s’applique;
hngle d’incidence et (le cas échéant) la polarisation du rayonnement laser incident;

utes les dimensions minimales concernant la zone exposée (par exemple, comme| cela
but s’appliquer a un protecteur actif pour laser avec des capteurs discrets, de sorte qu’un
isceau laser de petit diametre puisse traverser le protecteur sans étre détecté);

e) p
NOTE
NOTE

NOTE

L
1 Voir I'Article B.1 qui développe ces notions.

2 Dans tous les cas, une plage ou un ensemble de valeurs peut étre établi(e) plutét qu’une valeur unique.

3 Une représentation graphique est admise (par exemple, éclairement énergétique par rapport a la durée,

tous les autres parameétres étant constants).


https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

-90 - IEC 60825-4:2022 © |EC 2022

5.5 Exigences d'essai
5.5.1 Généralités

Les essais doivent étre réalisés a l'aide du protecteur pour laser complet ou d'un échantillon
approprié du matériau utilisé pour construire le protecteur. Dans les deux cas, I'état du
protecteur ou de I’échantillon doit étre tel qu’il reproduise ou dépasse la condition physique
admissible la plus défavorable de la surface frontale, y compris de réflexion de surface réduite
et des dommages autorisés dans le cadre des instructions d’entretien périodique (voir 5.7).

Le rayonnement sur la surface frontale doit étre soit comme cela est spécifié par la LEP, soit,

d ] P | P~y HP=Y T PoNE H P2 1A lo $ Baatfia P =~ ~Se )
anNsSre—E€asS—EaesSESSatS—StH coimar oo, SO TS CCTA TS T SP T UITTC CIT U U 2~

Lorsque la surface frontale est soumise aux conditions d’exposition a la LEP, le rayonnement
laser| accessible mesuré au niveau de la surface arriére du protecteur pour lasen ne doif pas
dépakser la LEA de la classe 1 (essais tels qu’ils sont spécifiés a I'Article 5¢de/I'lEC 60825-
1:2014). Cette exigence s’applique pendant la durée d’exposition spécifiée dans la LEP ou,
dans|le cas d’un protecteur actif, pendant le temps de protection spécifié’du protecteur| actif
mesyré a partir du moment de I'’émission d’un signal d’interruption du protecteur actif.

NOTE| Dans les cas ou des matériaux opaques a la ou aux longueurs d’ondes du~laser sont utilisés (par ex¢mple,
les mgtaux), le rayonnement transmis ne peut atteindre la LEA de la classe tqu’aprés le retrait physique c¢mplet
(ou presque complet) du matériau le long du cheminement du rayonnement/jusqu’a la surface arriére. Dans de tels
cas, I'gvolution d'un état sans transmission a un état de transmission qui depasse largement la LEA de la classe 1
est par conséquent rapide, et des détecteurs de rayonnement sensiblesie sont pas exigés.

5.5.2 Essais sur échantillon

Les gssais de I'échantillon de protecteur doivent étte réalisés en irradiant la surface frontalle du
matéfiau du protecteur selon la procédure et la méthodologie spécifiées dans I’Annexe D

5.6 | Exigences d’étiquetage

5.6.1 Tout étiquetage doit étre situé 'sur la surface arriére du protecteur.

5.6.2 La surface arriére du protecteur doit étre clairement identifiée si I'orientation du
protecteur a de I'importance,

5.6.3 Si une partie seulement de la surface frontale de la protection est un protecteur{pour
laser] cette zone doit étre clairement identifiée par un surlignage coloré en gras et par des|mots
pourfindiquer la limite)extérieure du protecteur pour laser.

5.6.4 L’étiquetage doit indiquer la spécification compléte de la LEP.

5.6.5 Le nom du fabricant, la date et le lieu de la fabrication conformément a I'l|SO 115p3-1,
et une déclaration de conformité au présent document doivent étre fournis.

5.7 Guide de l'utilisateur

En plus des spécifications répertoriées en 5.4, les informations suivantes doivent étre fournies
a l'utilisateur par le fabricant d’'un protecteur d'origine pour laser:

a) une description des utilisations autorisées du protecteur pour laser;

b) une description du montage et du raccordement du protecteur pour laser;

c) des informations sur I'installation du protecteur pour laser — pour les protecteurs actifs pour
laser, cela doit inclure les exigences d’interface et d’alimentation du protecteur;

d) des exigences d’entretien, y compris par exemple les informations détaillées au contréle et
aux procédures d’essai, de nettoyage, de remplacement ou de réparation des piéces
endommagées;
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e)

g)

des instructions qui spécifient qu’apreés toute activation du systéme de commande de
sécurité d’un protecteur actif, la cause doit étre recherchée et la recherche des dommages
doit étre effectuée. Les instructions doivent également inclure les mesures correctives
nécessaires a entreprendre avant de réinitialiser le systéme de commande;

I’étiquetage indiqué en 5.6 et son emplacement. Si seule une partie de la surface frontale
du protecteur constitue un protecteur pour laser, cette zone doit étre identifiée;

une déclaration de conformité au présent document.



https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

-92 - IEC 60825-4:2022 © |IEC

Annexe A
(informative)

Recommandations générales sur la conception et la sélection des
protecteurs pour laser

A.1  Conception des protecteurs pour laser

A.1.1 Protecteurs passifs pour laser

2022

Des protecteurs passifs pour laser peuvent prendre la forme, par exemple:

a) dfun panneau métallique reposant sur la conduction thermique, au besoin amélioré p
I’Bir pulsé ou par un refroidissement par eau afin de maintenir la température) dé la su
en dessous de son point de fusion dans des conditions normales et dans(es conditio
dgfaut raisonnablement prévisible;

b) djune feuille transparente, opaque a la longueur d’onde du laser, qui‘n’est pas affecté
de faibles valeurs d’exposition a des rayonnements laser en fongtiohnement normal
achine a laser;

c) de panneaux non métalliques qui reposent sur la sublimation thermique sans fusi
atériaux similaires.

A.1.2 Protecteurs actifs pour laser
Des protecteurs actifs pour laser peuvent prendre laforme, par exemple:

a) dfun protecteur, avec des capteurs thermiques discrets et incorporés, qui détecten
échauffements;

convient de prendre en considération I'espacement entre les capteurs par rappor
mensions minimales d’un faisceaudaser erratique.

O
-
o o

un protecteur pour laser qui eomprend deux panneaux entre lesquels est conten
inuide sous pression ou un_milieu gazeux combiné a un dispositif détecteur de pre
bpable de détecter la chute de pression due a la perforation de la surface frontale.

o =

A.1.3 Indication des dangers (protecteurs passifs pour laser)

Il convient, dans la mesure du possible, de fournir une indication visible de I'expositid
protgcteur pour laser)a des quantités dangereuses de rayonnement laser (par exempl
ajoutpnt une couche d’une peinture appropriée sur les deux cbétés du protecteur pour lasg

A.1.4 Alimentation (protecteurs actifs pour laser)

Si le| fenctionnement correct d'un protecteur actif repose sur la présence d'alimentati

ar de
rface
s de

e par
de la

bn et

t les

I aux

u un
5sion

n du
B, en

bn, il

convient da concaevaoir la circuit d'alimantation da carta anle lo faonectinnnamant Ay lacar n
eFt—ae-cohRee Vo eHGuH—aarReRadohi—ae—Soe—qgHe+eToRcHoRRe e R—aud——asSerh

& soit

pas possible en I'absence d'alimentation.

A.2 Sélection des protecteurs pour laser

A.21 Exigences de sélection

Un processus de sélection simple se déroule de la fagon suivante.

a) Identifier la position préférentielle du protecteur pour laser et estimer la LPE a cet

emplacement. L’Annexe B donne des recommandations relatives a I'estimation des va
de la LPE.

leurs
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b) Au besoin, réduire le plus possible la LPE dans des conditions de défaut, de préférence en
incluant un contrdle automatique dans la machine afin de détecter les conditions de défaut
et de limiter la durée d’exposition. Des exemples d’alternatives comprennent les éléments

S
1

2

3

Trois|
A.2.2
Il s’a
Les

I'abs
qu’un

uivants:

) s’assurer que le protecteur pour laser est suffisamment éloigné du point focal produit

par I'optique de focalisation;

) installer les parties vulnérables du protecteur pour laser (telles que les fen

étres

d’observation) loin des régions qui peuvent étre exposées a un éclairement énergétique

élevé;

) éloigner le protecteur pour laser de la zone de traitement au laser;

pour laser, des ajouts tels que:

e une ou plusieurs personnes doivent étre présentes et surveiller I'étatde l1a su
frontale du protecteur pour laser, afin de réduire la durée d’exposition evaluée
protecteur passif pour laser;

d’exposition évaluée d’un protecteur passif pour laser;

e un protecteur temporaire local supplémentaire, des diaphragmes et des dispg
d’absorption de faisceau doivent étre utilisés, afin d‘absorber tous les faisceaux
erratiques puissants;

e la zone de risque doit étre limitée par des dispositifs d’avertissement de faisd
erratiques et le protecteur placé au-dela dé cette zone afin de réduire la g
d’exposition évaluée;

incorporer dans la conception de la machine, lors de ['utilisation de protec
temporaires pour laser, des éléments dercontrdle du faisceau afin de faciliter un cor
amélioré du faisceau laser au cours'des opérations d’entretien, tels que:

e des supports pour 'emplacement précis de composants supplémentaires qui for
le faisceau (par exemple, miroirs de déflexion) exigés au cours de I’entretien;

e des montages qui permettent uniquement une étendue limitée pour I'orientatiq
faisceau.

options se présentent ensuite. L’ordre ci-dessous n’indique pas une préférence.
Option 1: protecteur passif pour laser

it de I'optienila plus simple.

contréles” de conception et de qualité revétent une importance particuliere lof

brption“au niveau de la longueur d’onde du laser est dominée par un additif minoritai
celorant dans un plastique. Dans de tels cas, lorsque le fabricant du matériau ne sp

exiger dans la documentation essentielle sur I'entretien pour les protecteurs temporaires

rface
d’un

e un contréleur a action maintenue doit étre utilisé par la ou les’personnes survgillant
I'état de la surface frontale du protecteur pour laser, afin-de réduire la dqurée

sitifs
laser

eaux
urée

teurs
trole

ment

n du

sque
re tel
Bcifie

pas

g concentration de tabsoroeur ou T attenuation optique du materiau au_mveau

le la

longueur d’onde du laser, il convient de soumettre dans un premier temps aux essais des

écha

ntillons en provenance du méme lot de matériau, comme cela est décrit en 4.4.1.

A.2.3 Option 2: protecteur actif pour laser

Si la LPE ne peut étre réduite a une valeur a laquelle des matériaux de protection courants
assurent une protection adéquate sous la forme d’un protecteur passif pour laser, un protecteur

actif

pour laser peut toujours étre utilisé.

A.2.4 Option 3: protecteur d’origine pour laser

Un protecteur d'origine pour laser peut étre utilisé si les valeurs évaluées de la LPE sont

inféri

eures aux valeurs de la LEP citées par le fabricant du protecteur pour laser.
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Annexe B
(informative)

Evaluation de la limite prévisible d’exposition (LPE)
Généralités

valeurs de la LPE peuvent étre évaluées soit par mesurage, soit par calcul (voir ci-
sous).

L'ISQ 12100 fournit une méthodologie générale pour I'appréciation du risque. Il convient que

I'ap
exe
des

Ap

pléciation prenne en considération I'exposition cumulée en fonctionnement normall (par
nple, au cours du cycle de traitement de chaque piece de la machine) pour fespacement
gontréles d’entretien.

aftir de cette appréciation, il convient d’identifier les combinaisons les'plus exigeantgs de

rayomnement, la zone d’exposition et la durée d’exposition; voir la Figare’/B.1, la Figure B.2 et
la Figure B.3. Il est assez probable que plusieurs LPE soient ideptifiees; par exemple| une

con

d|tion peut augmenter le plus possible la durée d’exposition alun’éclairement énergétique

relativement faible, tandis qu’une autre condition peut augmentér le plus possible I'éclairgment
énergétique au cours d’'une durée d’exposition plus courte; vaif ta Figure B.3 et la Figure B.4.

La syécification compléte d’une LPE comprend les informations suivantes.

a)

b)

d)

e)

g)

h)

L[éclairement énergétique maximal au niveau_de la surface frontale du protecteur|pour
laser, voir la Figure B.1 et la Figure B.2.

NPTE 1 L’éclairement énergétique est exprimé comme la puissance ou I'énergie totale divisée par la zgne de
la] surface frontale du protecteur, ou la zone limitée spécifiée, selon le cas.
Tloute limite supérieure concernant la zone d’exposition de la surface frontale a ce niveau
dréclairement énergétique.

NPTE 2 Aucune limite concernant la*zone n’est appropriée pour la protection contre le rayonnemen{ laser
diffusé, tandis qu’une limite supérieure concernant la zone exposée est appropriée pour I'exposition directe aux
fdisceaux laser.

Les caractéristiques, temporelles de I'exposition, c'est-a-dire onde entretenue (CW -
cpntinuous wave) oti-rayonnement laser pulsé et, dans ce dernier cas, la durée d’'impylsion
et la fréquence de.répétition des impulsions.
L

A durée totale.d’exposition.

NPTE 3 \oir FArticle B.4 qui développe cette notion.
Lip ou-es*longueurs d'onde du rayonnement laser.
L{angle d’incidence et (le cas échéant) la polarisation du rayonnement, voir la Figure B.1 et

| - n-o
da 'ygurc ..

NOTE 4 La stipulation de I'angle d’incidence est particulierement importante pour les protecteurs pour laser
exploitant des couches interférentielles pour refléter le rayonnement laser incident.

ATTENTION: Au niveau de I’'angle d’incidence “p” de Brewster, le rayonnement polarisé est
fortement couplé dans la surface du protecteur.

Toutes les dimensions minimales concernant la zone exposée (par exemple, comme cela
peut s’appliquer a un protecteur actif pour laser avec des capteurs discrets, de sorte qu’un
faisceau laser de petit diamétre puisse traverser le protecteur pour laser sans étre détecté).

Pour un protecteur actif pour laser, le temps de protection du protecteur actif.


https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d

IEC 60825-4:2022 © |EC 2022 - 95—

B.2 Réflexion du rayonnement laser

B.2.1 Réflexions diffuses
Protecteur pour laser —

Soit un réflecteur lambertien avec une

réflectivité de 100 %, Eclairement

PO
l énergétiquek

P.
By 2.2950 oo / 9
TT R?2
R
%"/

Figure B.1 — Calcul des réflexions
diffuses

IEC

B.2)2 Réflexions spéculaires

Il egt difficile de généraliser dans le cas de 4.
réflexions spéculaires.

Pour un faisceau laser circulaire symétrique
avet une distribution gaussienne, la l R .
puigsance P, et le diamétre dgg au niveau:de .
la Igntille de focalisation, la longueur focafe f,
I’éclairement énergétique maximal (auééntre =3

de [la distribution gaussienne) pour une

distance R dans un plan normal a partir de la

congentration est: rotecteur pour laser —
IEC

Epa

:4-Po-p(f)2

7 | Figure B.2 — Calcul des réflexions
- dag

R , .
spéculaires
ou p est la réflectivité de la surface de la

piede a traiten

ATTENTION: Certaines surfaces courbées
peukent augmenter le danger de réflexion

B.3 Exemples de conditions d’évaluation

Il convient d’évaluer les LPE pour la ou les combinaisons les plus défavorables raisonnablement
prévisibles de parameétres de laser disponibles, les matériaux de la piéce a traiter, la forme et
les processus susceptibles de se produire en fonctionnement normal (I''EC TR 60825-14 fournit
des recommandations a l'intention des utilisateurs).
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Protecteur pour laser —#=

[ ] IEC

Figure B.3a — Défaillance du logiciel

Protecteur pour laser —»

| IEC

Figure B:3b — Piéce a traiter se courbant ou
fixée de fagon inadéquate

Protecteur ___

}
pourTaSet

V7

Figure B.3c — Absence de piéce a traiter

Figure B.3 — Quelques exemples de conditions de défauts prévisibles
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Faisceau laser erratique

Miroir manquant

N IEC

Figure B.4a — Laser mis en fonctionnement sans
miroir de déflexion

N

Miroir

Faisceau laser erratique

i

|

|

i

i

i

|

i

}
A V4
IEC

Figure B.4b — Faisceau décalé par rappeort au miroir
au cours de la procédure d’alignement

Faisceau laser
O 0 , erratique

Systéme optique
afocal hors plage
de réglage
IEC

Figure B.4c — Faisceau se déployant au-dela de la plage optique

Un objet réfléchissant entre
dans le trajet du faisceau IEC

Figure B.4d —Objets réfléchissants interceptant le faisceau laser

Figure B.4 — Quatre exemples de faisceaux laser erratiques susceptibles de devoir étre
contenus par un protecteur temporaire dans des conditions d’entretien
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B.4 Durée d’exposition

B.4.1 Fonctionnement normal

L’exposition d’un protecteur au rayonnement laser au cours d’un fonctionnement sans défaut
peut comprendre des expositions a des niveaux faibles de rayonnement réfléchi, diffusé et
transmis, qui sont répétées a chaque cycle de la machine. Dans ce cas, la LPE évaluée pour
le fonctionnement sans défaut englobe la variation d’éclairement énergétique du protecteur au
cours du cycle, voir la Figure B.5, répétée pour le nombre maximal de cycles de machine a
I'intérieur d’un espacement des contrbles d’entretien de sécurité.

-

protection = 8h

Rayonnement diffusé au cours
du traitement d’une piéce

Traitement automatique de plusieurs piéces

Facteur temg

Eclairement énergétique
laser du protecteur (Wm=
(7]

A
Y

Une valeur possible d'éclairement
énergétique spécifiée dans la LPE

Les caractéristiques du rayonnement ~_|
(c’est-a-dire onde pulsée ou entretenue)
font également partie de la LPE

EC

-

igure B.5 — Représentation deexposition du protecteur pour laser au cours du
fonctionnement répétitif de la machine

B.4.2 Conditions de défaut

Un slystéme de commande de sécurité impliquant une certaine forme de surveillance e la
macl)ine peut réduire le'temps pendant lequel le protecteur doit contenir de fagon sdre le dgnger
de rgdyonnement dafns)des conditions de défaut. Deux exemples sont donnés a la Figure B.6.
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Durée évaluée d’exposition

Eclairement énergétique
laser du protecteur (Wm=2)

\

Début du défaut A
/ La surveillance du processus en temps réel

détecte un défaut A au cours du traitement

/\\/\[\\ /\\/\ L'obturateur de sécurité du laser se ferme

Facteur temprs

Pour
certa
I'esp

Figure B.6a — Arrét avec une surveillance en temps réel de la sécurité de la maching

oy

Durée évaluée d’exposition

=

laser du protecteur (Wm-2)

EC

N

Manifestation du défaut B

La surveillance aprés traitement lors du cycle
suivant de la machine révéle que le défaut B s’est produit

hcement complet des contréles d’entretien de sécurité.

Figure B.6b — Arrét avec une surveillance différée de la sécurité de la machine

Figure B.6 — Deuxcexemples de durée d’exposition évaluée

des conditions de défaut raisonnablement prévisibles qui ne sont pas détectées
ins systéemes de commande liés a la sécurité, la durée d’exposition évaluég

o

Facteur temps

Avant que la machine
avant que la piéce
suivante ne soit traitée E

5 par
est
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-
|

Durée d'exposition évaluée = espacement des contréles d’entretien

Eclairement énergétique laser

du protecteur (Wm-2)

o

RN Y N WY B

Début du défaut non détecté Le controle d'entretien de sécurité

Figure B.7 — Durée d’exposition évaluée pour-une machine
sans aucun contréle de sécurité

B.4.3 Opérations d’entretien

Les facteurs qui affectent directement le temps d’intercuption de rayonnement laser mespré a
partiq du début d’exposition d’un protecteur temporaire au cours des opérations d’entretien
comgrennent:

a) [Iptilisation d’'un préréglage de la durée 'de‘fonctionnement du laser;
b) lg degré de contrdle des conditions deidéfaut;

c) 19 mise a disposition de personnes:pour surveiller I'état du protecteur (protecteurs pgssifs
ppur laser);

d) la mise a disposition d’'un ec@ntréleur a action maintenue;

e) l¢ degré d’avertissement.fourni par la réaction du protecteur a une exposition excessjive a
des rayonnements lasers (protecteurs passifs pour laser);

f) le degré de dissimulation de la surface frontale du protecteur (protecteurs passifs|pour
laser);

g) I'tendue totale du protecteur a protéger (protecteurs passifs pour laser);

h)

¢ degré.de formation du personnel d’entretien.

Il con
d’évg
limiter la durée d’exposition d’un protecteur temporaire, il convient d’utiliser une valeur d’au
moins 10 s. Il convient de mettre en ceuvre toutes les mesures de contréle techniques et
administratives raisonnablement réalisables afin de réduire le rble des écrans temporaires dans
la protection fournie.

vientde reallser une appreC|at|on du risque afln d |dent|f|er les S|tuat|ons dangereus
iti

!

Facteur
temps

révéle des dommages au niveau du|protecteur

IEC
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Annexe C
(informative)

Elaboration des termes définis

Distinction entre LPE et LEP

L'exposition maximale raisonnablement
prévisible au niveau de la surface frontale
du protecteur pour laser est la LPE

taser

——
Limite d’exposition
& protégée (LEP)
F—:Iv >

-4~ Protecteur

pour laser
Zone de traitement

Machine a laser
IEC

Figure C.1 — Représentation de la protection autour
d’uneimachine a laser

nite prévisible d’exposition (LPE) a un emplacement particulier auquel un protecteur
doit étre situé est I'exposition"'maximale estimée par le fabricant de la machine a |
ée dans des conditions<normales et dans des conditions de défaut raisonnable
s5ibles, voir la Figure C.1. La valeur de la LPE définit la valeur minimale de la

osition protégée d’un protecteur pour laser qui peut étre utilisée a cet emplacement.

EP indique la capacité d'un protecteur pour laser a protéger contre le rayonnement
bnt. Le fabricant de la machine a laser doit réaliser des essais afin de confirmer la cap

du protécteur, ou en achetant un protecteur d'origine pour laser pour lequel la LE
fice,

pour
aser,
ment
imite

laser
acité

rotecteurspour laser. Cela peut étre réalisé par des essais directs, ou en déterminant la

P est

Cc.2

Parametres des protecteurs actifs

Un protecteur actif comprend deux composants essentiels:

a) un écran physique, fortement atténuant pour la longueur d’onde du laser, qui agit comme
un protecteur passif pour laser pour les faibles niveaux de rayonnement laser (par exemple,
rayonnement a diffusion diffuse) et qui résiste a la pénétration de niveaux dangereux de
rayonnement incident pendant une durée limitée (bréve) uniquement;

b) un systéme de commande de sécurité qui incorpore un capteur qui détecte les niveaux
dangereux de rayonnement laser incident directement ou indirectement (par exemple, en
mesurant la température ou en détectant certains autres effets induits par le rayonnement
laser sur une certaine partie du protecteur pour laser) et émet ensuite un signal pour
interrompre I’émission laser (par exemple, en coupant la chaine d'interverrouillage de
sécurité, mettant ainsi hors circuit la source laser, ou en fermant un obturateur de sécurité).
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Les protecteurs pour laser sont fréquemment soumis a de faibles valeurs d’éclairement
énergétique du laser en fonctionnement normal d’'une machine & laser. Dans la mesure ou le
protecteur n’est pas menacé par un tel rayonnement, il convient que le capteur ne réagisse
pas. En revanche, il convient de régler le capteur afin qu’il réagisse uniquement a un
rayonnement laser incident qui dépasse une valeur de seuil pour laquelle l'intégrité du
protecteur pour laser est menacée. Il y a un délai entre I’exposition a un rayonnement laser
incident dépassant la valeur de seuil et le moment de production d’un signal d’interruption du
protecteur actif par un protecteur actif pour laser, voir la Figure C.2. De fagon similaire, il y a
un délai, désigné par le temps d’interruption du laser, entre la production du signal d’interruption

-102 - IEC 60825-4:2022 © |EC 2022

du protecteur actif et le moment de I'interruption du rayonnement laser.

—

—

Le temps d’interruption
du laser

Le rayonnement laser Le protecteur actif pour

temps de protection

est inférieur au du protecteur actif

La machine & laser répond au  Le protecteur pour lasen

incident dépasse une laser produit le signal signal d’interruption du laser et ne feurnit plus de
ertaine valeur de seuil d’interruption du laser le rayonnement laser est protection si I'exposition
interrompu n’est pas interrompue
=0

Temps d'interruption du laser

Temps de protection actif

Figure C.2 — Représentation des parameétres des protecteurs
actifs pour laser
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D.1

Annexe D
(normative)

Essais des protecteurs d'origine pour laser

Généralités

L'Annexe D comprend des informations détaillées relatives aux conditions d’essai a respecter
et a la documentation a fournir par les fabricants de protecteurs d'origine pour laser.

Il corlwient de noter qu’il est inapproprié d’utiliser des lasers de puissance supérieure

simu

puisjance pour simuler des paramétres des lasers de puissance élevée, par modificatig
irement énergétique ou par ajustement de la distance a partir du point focal, car la qlalité
de farLsceau et les autres caractéristiques du faisceau laser sont susceptibles d'étre différ¢

I'écld

ou i

puisgance pour faire ou extrapoler des estimations d’un laser d’'un niveal différent (puiss

supé

La prieuve des essais décrits ici s’applique uniquement aux parameétres lasers utilisés, aux
elle gst limitée. Il convient dés lors que les résultats de ces-€ssais servent uniquement 3
fins de comparaison des protecteurs pour laser.

La limite d'exposition protégée (LEP W m—2) doit étre.@applicable au protecteur, uniquement

les d

doivgnt étre indiquées par le fabricant des protecteurs pour laser car la LEP, qui oriente le

du p
dépa
I'Ann

surfa

arrie
dans

Pour
souv

sugg

de protection pour Ia-.LEP souhaitée lorsque la puissance de sortie d’'une combinaison de |

de di

Il cgnvient de™ faire preuve d’attention méme a des puissances plus faibles lor

I'inte
Il co

systgme.a laser tout entier pour lequel il est prévu d’utiliser les protecteurs.

D.2

er les paramétres des lasers de faible puissance, ou d'utiliser des lasers de f

attendues. La manipulation des caractéristiques des lasers d’un)\cértain nivea

rieure ou inférieure) n’est pas admise.

mensions des faisceaux utilisés dans les essais: Ces dimensions au niveau du prote

otecteur, diminue lorsque les dimensions, du faisceau laser augmentent. Si la LE

Exe D, le temps de protection est I'intervalle de temps entre le rayonnement initial
e frontale et le moment auquel.l& rayonnement laser émettant au-dela de la su
e dépasse la limite d’émission_accessible (LEA) de la classe 1, comme cela est
I'IEC 60825-1.

les niveaux de puissance supérieurs a 4 kW et pour un BPP inférieur a 4 mm-n
Bré de suivre la procédure expérimentale décrite dans I'Annexe D pour déterminer le t

5positif optique-et de fibre optique est supérieure a 4 kW.

rprétation des résultats car I'apparition d’effets non linéaires ne peut étre exclue ni ign
wient)d effectuer des essais a I'aide d’'un montage d’essai optique qui correspon

pour
aible
n de

entes
u de
ance

quels
 des

pour
cteur
Choix
P est

sée, le protecteur peut étre endommageé et a terme se désintégrer. Pour les besoins de

de la
rface
Héfini

nrad,

bnt, la densité de puissance absorbée n’augmente pas de fagon linéaire. Il est cependant

bMmps
aser,

5 de
brée.
d au

Conditions d’essai

D.2.1 Précautions générales pour les conditions d’essai

Une variété d’'essais de limite d’exposition avec différents matériaux et différents lasers peut
entrainer des résultats non reproductibles, qui peuvent conduire a des interprétations erronées
concernant la limite d’exposition protégée, et a des prévisions de durées de vie surestimées
des protecteurs pour laser. Par conséquent, des conditions semblables et comparables pour
des essais répétés doivent étre assurées afin de maintenir I'intégrité des résultats.
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Afin d’assurer l'intégrité des résultats, des efforts doivent étre entrepris pour éliminer ou au
moins réduire le plus possible les erreurs systématiques ou autres, qui peuvent également
entrainer des interprétations erronées concernant la LEP ou une surestimation de la durée de
vie du protecteur. De telles erreurs peuvent provenir des éléments suivants:

a)

b)

matériau: surfaces réfléchissantes dont la réflectivité varie par I'oxydation ou la
contamination;

laser: avec des lasers de puissance élevée (par exemple, lasers de plusieurs kilowatts), en
particulier ceux qui présentent une bonne qualité de faisceau (c’est-a-dire les lasers a fibre
et les lasers a disque), des réactions ont été observées, mettant en évidence une influence
considérable sur I'éclairement énergétique réel sur la surface des protecteurs pour laser.

Ainsi| au cours des essais, aucun effet mécanique ou physique (tel qu’il est décrit ci-dessous)
ne dpit se produise entre I'ouverture du faisceau et le point d’incidence sur le matériqu du
protecteur, ce qui peut nuire a une propriété optique quelconque. Les conditions digessai ddivent
étre reproduites avec exactitude. Dans le cas contraire, les temps de protection du protecteur

passlf qui en résultent peuvent ne pas étre reproduits de maniére fiable.

Les gxemples d’effets qui influencent les résultats d’essai comprennentyéntre autres:

oy

production d’une fine fumée métallique, au cours de laquelle-fe rayonnement lasgr est
bsorbé (par exemple, éblouissement thermique) ou diffusé(par exemple, effet Mie) |dans
fumée métallique;

QO

oy

oy

variation du point focal (décalage focal induit thermiguement), au cours de laquellefil y a
ne variation de la densité de puissance au niveau de la surface du protecteur pour lpser.
es effets peuvent réduire la puissance du laser,sur I’échantillon en essai;

—~ (O c

ptablissement d’un  équilibre (c’est-a-direx‘équilibre thermique ou équilibre pntre
gyonnement incident et réfléchi ou réémis) qui entraine un temps de protection du
pfotecteur passif pratiquement infini en.uUn essai, tandis qu’un essai répété dang des
cpnditions réputées égales entraine une‘"lEP ou un temps de protection fini(e).

—

La lirite d’exposition soumise a I'essaii(W m=2 pour les lasers & onde entretenue ou J m=2 pour
les lasers a impulsions) doit étre déterminée par les essais réalisés lors de l'irradiation de la
surface de chaque échantillon_dans un lot d’au moins dix. Chaque échantillon doit| étre
d’épgisseur, de composition et’de fini de surface représentatifs, ayant une surface d’'essai
frontale préparée pour donher I'absorption la plus défavorable de rayonnement laser| Les
dimepsions de ces échantillons doivent étre au moins égales a trois fois le diameétre du faigceau
mesyré aux endroits auxquels la distribution de I'intensité a diminué pour atteindre une vpleur
de 1/g2 de la valeur dée.créte a I'emplacement de I'exposition (garantissant de ce fait que I¢ flux
de claleur rayonnante est pris en compte). Des éléments de liaison structurels doiveni étre
inclug dans les-€ssais uniquement s’ils sont nécessaires pour s’assurer de la constructipn et
de l'intégrité du‘protecteur. Dans le cas de faisceaux non circulaires, la forme du faisceau (tilisé
pour|l’'essaindoit étre spécifiée. Les faisceaux non circulaires sont ceux pour lesqugls la
diffélencé yentre la dimension la plus grande et la dimension la plus petite| est

supériedre a 10 %. Les essais doivent étre réalisés a la fois en mode a impulsions et en mode
a onmmwmmmmmmmmw i i ; s la

mesure ou le rayonnement impulsionnel peut conduire a différents résultats.

Il convient que les paramétres du rayonnement impulsionnel utilisé dans ces essais soient
représentatifs des paramétres a utiliser dans toute application spécifiée.

La forme du faisceau d’essai doit étre spécifiée car elle affecte la répartition de la chaleur dans
I’échantillon.
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Il convient de prendre des précautions particuliéres dans la préparation des échantillons lors
des essais des protecteurs pour laser qui utilisent de I'aluminium, du cuivre, de l'acier
inoxydable et des matériaux avec des surfaces a revétement en zinc. |l a été observé pour ces
matériaux et d’autres matériaux similaires, que la LEP et le temps de protection dépendent
fortement de la préparation des échantillons et du montage expérimental qui affecte la
répétabilité des mesurages de LEP et du temps de protection.

Il convient que I'absorption la plus défavorable prenne en compte la réflectivité du matériau du
protecteur et les variations a la surface du matériau du protecteur pour laser pendant la durée
de vie prévisible du protecteur pour laser. Toutefois, il convient de ne pas avoir préalablement
traité la plaque d'essai d'aucune maniére possible qui puisse altérer artificiellement les
condftions dabsorption, a 'exception des modifications de reflectiviie naturelles accelerees du
matéfiau du protecteur, raisonnablement attendues sur la durée de vie prévisible du protegcteur
pour |laser. Il convient de réaliser I'essai de qualification dans des conditions normales’pgur la
protgction laser.

Si url support d’échantillon est nécessaire pour les essais, son empiétementy maximal dqur le
bord|de I'’échantillon ne doit alors pas dépasser 3 mm a partir du bord de I’échantillon. La partie
du dispositif de maintien en contact avec I’échantillon doit étre en matériau thermiquement
isolapt (par exemple, en céramique) compatible avec une utilisation aux tempérafures
générées.

L’échantillon doit étre perpendiculaire (ou incliné a pas plus,de'#3° pour éviter les réflexiops en
retour) au faisceau laser, et 'axe du faisceau doit étre centré sur I'échantillon a une disfance
F,représentée a la Figure D.1. La distance F; au-dela dUspoint focal ne doit pas étre supérjeure
a trdis fois la longueur focale (F) de la lentille de“\focalisation. Si, pour une application
spécifique, le protecteur doit étre positionné a une _distance inférieure a trois fois la longqueur
focalg (F) a distance du point focal, la distance:minimale entre le point focal et le protecteur
doit étre considérée comme la distance F,.

Protecteur

Lentille /
[

IEC
Figure D.1 — Schéma simplifié de la disposition pour I'essai

Il convient d’effectuer I'essai avec le faisceau orienté horizontalement, tel qu’il est représenté
a la Figare D.1. Si une orientation différente du faisceau a été utilisée, indiquer dans le rapport
de qualification fa disposition de 'essal concernant 'orientation du faisceau.

La surface de I’échantillon en essai doit étre suffisamment ventilée (par exemple, ventilation
cross jet) pour assurer que la surface d’essai et I'espace entre I'échantillon d’essai et le
systéme optique de conformation du faisceau restent exempts de débris, de fumées, etc. au
cours de la période de I'essai. La ventilation doit avoir le méme effet que la circulation d’air
dans l'application prévue.

De plus, lorsque I'échantillon de protecteur comporte des couches multiples, toutes les surfaces
internes et les espaces internes doivent étre suffisamment ventilés (par exemple, ventilation
cross jet, voir la Figure D.2), pour assurer que toutes les surfaces restent exemptes de débris,
de fumées, etc. au cours de la période de I'essai.
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Figure D.2 — Schéma simplifié de la ventilation pour le protecteur en essai

D.2.2 Conditions d’essai pour protecteurs passifs pour laser

Pour
arrie

les protecteurs passifs pour laser, le rayonnement laser accessible au niveau de la su
e de I'échantillon ne doit pas dépasser la LEA de la classe 1 au cours de I'expo

d’esdai, dont la durée dépend de la période d’exposition établie par le fabricant du prote

d'orig
d’ent
laser

retien, tel qu'il est défini dans le Tableau D.1, selon T'utilisation prévue du protecteur

rface
sition
cteur

ine. Le temps de protection du protecteur doit dépasser I'espacement des confrbles

pour

Il convient que les fabricants des protecteurscd'origine pour laser spécifient les espacements
des ¢ontréles d’entretien correspondants, en. utilisant les classifications d’essai T1, T2 g
définjes dans le Tableau D.1. L’espacement des contrbles d’entretien représente I'interval

temp
'abs
dans
main

ence de dommages ou de détériorations. Ceci est destiné a garantir que le protectel
un état qui peut tolérer une exposition a un rayonnement laser pendant un interval
enance supplémentaire.

Tableau D.1 = Classification d’essai des protecteurs pour laser

uT3
le de

5 au-dela duquel le protecteur est c@mplétement contrélé et vérifié pour mettre en évidence

r est
e de

Espacement des

Clagsification d’essai contréles d’entretien Utilisation suggérée des protecteurs pour laser

S

T1 30 000 Pour usage sur des machines automatiques

T2 100 Pour fonctionnement en cycle court et contréle intermitt

ent

T3 10 Pour contrdle continu par observation

D.2.3 Exigences relatives aux protecteurs actifs

Pour

les protecteurs actifs, les exigences suivantes s’appliquent.

a) Sile protecteur actif fait partie d’'un systéme de commande lié a la sécurité d’une machine,
la norme applicable et appropriée pour les systéemes de commande liés a la sécurité doit

é

tre appliquée.
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b)

c)

d)

Le protecteur actif pour laser doit déclencher le signal d’interruption du laser (qui est prévu
pour entrainer linterruption automatique du rayonnement laser) en réponse a toute
exposition de sa surface frontale au rayonnement laser au-dela de I'exposition spécifiée
(niveau et durée). Un défaut raisonnablement prévisible au sein du systéme du protecteur
actif ne doit pas entrainer la perte de la fonction de sécurité. Un défaut raisonnablement
prévisible d'un élément du protecteur doit étre détecté antérieurement a ou lors du recours
a la fonction de sécurité.

Le rayonnement laser accessible a la surface arriere d’'un échantillon du protecteur passif
pour laser, incorporé dans le protecteur actif pour laser, ne doit pas dépasser la LEA de la
classe 1 en réponse a une exposition de sa surface frontale au rayonnement laser, quelle
qu’elle soit jusqu’a et y compris I’exposition spécifiée pendant une durée supérieure au
temps de protection specitie du protecteur actit (tel qu'il est defini en 3.2).

i des vérifications de fonctionnalité automatique au sein du systéme de protecteur| actif
spnt effectuées au cours des périodes d’émission laser, qui interrompent temporairement
fonctionnement du systéme de protecteur actif pour laser, le temps cumulé pris|pour
effectuer ces vérifications doit prendre en compte I'effet de toutes les~impulsions |aser
repétitives, et ne doit pas dépasser le temps de protection du protecteur actif ni causger de
réduction des performances globales du protecteur actif pour laser.

Le fonctionnement d’un protecteur actif dépend des variations dés'!parameétres physiques
qui provoquent le déclenchement du signal d’interruption du protecteur actif. Le protecteur

tif doit étre surveillé en continu au cours de la période d’exposition potentielle du laser.
A d’autres périodes, le protecteur actif ne doit pas étré-affecté par les variationd des
rametres (par exemple, fumée, humidité, vibrations ou chocs, variations de tempérgture)
toute autre variation de I’environnement, empéchant ainsi le protecteur actif q'étre
gsactivé par inadvertance.

out dommage sur le protecteur actif doit étre détecté antérieurement a ou lors du re¢ours
une protection et, jusqu’a ce que ce dommage ait été rectifié, tout fonctionnement ultérieur
pit étre évité.

Y
e
d
T
a
d

D.3 | Temps de protection correspondant a la limite d’exposition protégée
(LEP) spécifiée

Le tgmps de protection du protecteur passif qui correspond a la limite d’exposition protggée
(LEP) (telle qu’elle est définieeén 3.21) doit étre déterminé a partir des résultats obtenus lors

des

mesurages réalisés. La densité de puissance expérimentale du laser irradié doit| étre

ajustge afin d’étre supérieure ou égale a la limite d’exposition protégée (LEP). Lors du dalcul
du temps de protectiona-partir des données échantillonnées, le théoréme de la limite centrale

doit @tre appliqué en-partant de I’hypothése d’une distribution normale sous-jacente.

Les gchantillonS.individuels en provenance d’un lot soumis a I’essai qui ne connaissent pzs de
brdlure perforante au cours de I'essai doivent étre ignorés d’un point de vue statistique, s
le lotfcomplet n’a pas subi une telle bralure.

uf si

Un nlveau de confiance de 99 % est nvigé et est assuré en utilisant +3¢, ol o est 'écart type

dans la distribution normale, donné par

ou

p(x)

X

7

o+\2n 252

o) exp { %]

est la probabilité de x;
est la valeur individuelle d’un échantillon; et

est la moyenne du temps expérimental pour brilure perforante des échantillons a I'essai,
a I'exception des protecteurs pour laser en polymére renforcé de fibres de carbone
(PRFC) type d'emplacement et en matériaux similaires. Concernant les protecteurs pour
laser en PRFC type d'emplacement, x4 doit étre défini comme la moyenne du temps
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expérimental d’allumage de la face arriere lorsqu'il est plus court que le temps

expérimental pour bridlure perforante.

Si la valeur arithmétique de la moyenne des temps pour brilure perforante mesurés pour les
échantillons a I'essai moins 3¢ est un nombre négatif, cette valeur doit étre égale a zéro.

NOTE

1 Dans ces essais appliqués en particulier aux matériaux avec des surfaces réfléchissantes et/ou un point
de fusion faible (par exemple, I’'aluminium), les effets non linéaires peuvent se traduire par une valeur négative pour
30. Ces effets non linéaires peuvent aussi indiquer a tort une distance plus courte entre le foyer et la surface de
I’échantillon qui est principalement due aux propriétés réfléchissantes (ou de miroir) du matériau de I’échantillon.

La LEP citée pour le temps de protection passif doit étre la densité de puissance du laser réelle

utilis
deux

Le te

NOTE|
facteul

NOTE|

D.4

Le fg

informations suivantes:

a) le
b) g
c) le
a
tn
a
d) le
e) le

e Jdals | e5Sadl de mesure du temps ae protection passii ou elle dolit etre deterimninee
points de mesure.

mps de protection doit étre égal a 0,7 x (u — 30) s.

2 Le facteur 0,7 mentionné dans I’équation pour la LEP et le temps de protectionpgst/introduit com
I de sécurité supplémentaire.

3 Les échantillons sont choisis de fagon aléatoire dans une population de base.
Informations fournies par le fabricant

bricant doit fournir avec I'ensemble des données d*échantillons d’essai au moin

nom et 'adresse de I'organisme qui réalise les<essais;
numéro du présent document (IEC 6082544);
matériau et sa spécification ou un étalen-reconnu au niveau international conformé

aitement a chaud, au durcissementau fini des surfaces ou a tout autre processus app
I matériau, doivent étre incluses.dans cette spécification;

nombre d’échantillons utilisés:lors des essais;

s informations détaillées.telatives aux paramétres des lasers utilisés, comprena
oins

la ou les longueurs.d’onde du laser;

laquelle les_essais ont été réalisés;

la durée dimpulsion et la fréquence de répétition des impulsions (pour les essai
utilisentyun laser a impulsions);

le(diamétre du faisceau (1/¢2) & I'entrée de la lentille de focalisation;

entre

me un

ment

Liquel il est réalisé ou assigné, utilisés“pour les échantillons. Les précisions relatives au

liqué

nt au

la puissance-ou’/l’énergie (en spécifiant la valeur de créte ou la valeur moyenne) a

S qui

5

le“produit de caractérisation des parametres du faisceau (mm-mrad);

6) la forme de la section transversale du faisceau au niveau du foyer; et

7)

la surface en essai;

f) la longueur focale de la lentille de focalisation utilisée lors des essais;

g) la distance Fy;

h) I’espacement des contrbéles d’entretien applicable au protecteur pour laser;

un mesurage de I'exposition ou de I’éclairement énergétique du faisceau au niveau de

i) les temps de protection et la LEP qui en résultent, avec tous les calculs et toutes les
analyses statistiques réalisés.
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Annexe E
(informative)

Lignes directrices pour le montage et lI'installation des protecteurs pour
laser

E.1 Présentation

ment par laser des matériaux. Ces lignes directrices sont destinées a étre utiliséesp
fabrigants et/ou les utilisateurs. L’Annexe E a pour objet d’englober une protection.pour une
maclline a laser autonome (voir I''ISO 11553-1) et une protection supplémentaire (solivent
installée par l'utilisateur) exigée pour intégrer de fagon sldre une machine a laser, Les que{tions
de protection relatives aux dangers associés au traitement par laser (qui in¢luent les dangers
mécgniques, électriques, de fumée et de rayonnement secondaire) ne sont pas prisgs en
cons|dération de fagon détaillée dans I'Annexe E.

E.2 | Généralités

E.2.1 Exigences

Les grotecteurs pour laser sont exigés pour isoler les dangers présentés par les lasers en plus
des flangers associés au traitement par laser. Certains des protecteurs peuvent faire partie
intégrante d’'une machine a laser et une protection supplémentaire peut étre utilisée afjn de
facilifer un chargement et un déchargement en téute sécurité des piéces a traiter ainsi que|pour
'entretien.

E.2.2 Montage des protecteurs

Les g¢léments clés dans I’évaluation~du montage et de l'installation des protecteurs autopir de
la zohe de traitement comprennent:

a) l¢ degré d’accessibilité €xigé pour la manipulation des piéces a traiter (en particuller le
degré de manipulation manuelle);

b) la méthode de fixation de la piéce a traiter (par exemple, utilisation de batis et de pinges);

c) méthode de retrait de la piéce a traiter et de toutes les parties associées (par exemple,

dgbris) aprés.le -traitement.
E.2.3 Emplacement des protecteurs

Une |bonne pratique dans la détermination de I'emplacement des protecteurs pour [aser
comprend les éléments suivants:

a) il convient de placer le protecteur pour laser a au moins trois longueurs focales du point de
focalisation d’une lentille de focalisation lorsque cela est possible;

b) il convient de ne pas placer les protecteurs pour laser avec des limites d’exposition protégée
(LEP) plus faibles, par exemple les fenétres d’observation, aux endroits auxquels le
faisceau direct ou des réflexions spéculaires sont prévus.

E.2.4 Enveloppe compléte

Une enveloppe compléte est une enveloppe qui satisfait a toutes les exigences relatives a un
capot de protection, comme cela est spécifié en 6.2.1 de I'|EC 60825-1:2014 et englobe le laser
incorporé et '’ensemble de la zone de traitement, de sorte qu’il n’y ait aucun accés humain a
des rayonnements dangereux.
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E.2.5 Enveloppe incompléte

Une enveloppe incompléte est une enveloppe qui ne prévoit pas un capot de protection complet
englobant le laser incorporé et I’ensemble de la zone de traitement, de sorte qu'un accés
humain a des rayonnements dangereux est possible.

Si le risque d’exposition n’est pas tolérable (pour les personnes qui peuvent se trouver sur des
passerelles ou des plates-formes qui les élévent au-dessus des protecteurs d’'une machine dont
la face supérieure est ouverte), des mesures de contrdle supplémentaires sont exigées.

E.2.6 Hiérarchie du controle des zones dangereuses laser

drarchie suivante de mesures est recommandée pour maintenir les personnes hors Ji‘une

ise en place d’un protecteur fixe;
ise en place d’un protecteur amovible;

ise en place d'un dispositif de protection électronique attaché a Ia C:IwnaTne
djinterverrouillage de sécurité de la machine, autour du périmétrecdeda zone (par exemmple,
détecteur de faisceau lumineux) ou sur la zone (par exemple; un tapis sensiblel a la

ise a disposition d’un écran physique, ainsi que des informations, des instructions, |de la
formation, d’une surveillance;

e) prévoir un moyen qui rend possible l'utilisation, Fepérateur étant situé a une certaine
distance de la zone de traitement, ainsi que des\équipements de protection individuelle
(EPI).

NOTE| Les mesures (c) et (d) ne prévoient aucune protection contre le rayonnement laser émis par la machine
laser, et par conséquent peuvent uniquement étre prises.€n considération lorsque la distance entre la zone corjtrolée
et les puvertures dans la machine dépasse la distance_nominale de risque oculaire (DNRO).

E.2.7 Equipements de protection individuelle

Il copvient de n’utiliser les équipements de protection individuelle qu'en dernier recpurs,
lorsqu’une combinaison de mesures techniques et administratives ne peut prévoir
raisopnnablement un niveausuiffisant de protection. Lorsque les équipements de protgction
indivlduelle sont utilisés, il convient qu’ils soient accompagnés d’un niveau adéquat de mesures
admihistratives régissant, leur utilisation. Il convient de ne les utiliser que lorsql’une
appré¢ciation du risque aindiqué que I'utilisation d’autres moyens de réduction des risques|n’est
pas iarvenue a produire un degré suffisant de sécurité et lorsqu’il n'est pas raisonnablement
poss|ble d’assurersune protection adéquate par d’autres moyens. En travaillant au contact
d’Ultraviolet B{de 290 nm a 320 nm) et d’Ultraviolet C (de 100 nm a 90 nm) des vétemenits de
protection peuvent étre exigés.

E.2.8 Intervention humaine

Lorsque le fonctionnement de la machine exige un acces humain, I'intervention humaine peut
alors étre comprise dans I'appréciation du risque en tenant compte des implications pendant la
durée de la condition de défaut. Dans ces conditions, il convient de contrdler I'accés et de ne
le rendre accessible qu’a des personnes autorisées ayant regu une formation adéquate a la
sécurité laser et a 'entretien du systéme laser impliqué. Il convient également que la zone soit
d’accés limité, fermée au public, et que les observateurs ou autres personnels non formés ne
soient pas exposés aux dangers au moyen de protecteurs ou de mesures administratives.


https://iecnorm.com/api/?name=dd979aac4e7ec6581dc3d0e722040b5d
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