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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization_comprising
all national electrotechnical committees (IEC National Committees). The objett| of IEC\s, fo promote
international co-operation on all questions concerning standardization in the elecifical and electronic fields. To

this end and in addition to other activities, IEC publishes International Standarg i ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides € to yas “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a C atlna Com ittee interested
in the subject dealt with may participate in this preparatory work ternatiQhagl,S\governmental and non-
governmental organizations liaising with the IEC also participate in WAEC collaborates closely
with the International Organization for Standardization (ISO) i 3 ith con'tions determined by

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg possible, an international
consensus of opinion on the relevant subjects since eac S itte ds representation from all
interested IEC National Committees.

3) IEC Publications have the form of recomméndations’fQr i i e and are accepted by IEC National

4) In order to promote international uniformity, IE i nittees undertake to apply IEC Publications
transparently to the maximu Si i i and regional publications. Any divergence
between any IEC Publicatiopand the corre 3r regional publication shall be clearly indicated in
the latter

5) IEC provides no markipg\ proce M di i proval and cannot be rendered responsible for any

6) All users should

7) No liability shall a ,employees, servants or agents including individual experts and
members of its tec 7 ational Committees for any personal injury, property damage or
other damage of/an hether direct or indirect, or for costs (including legal fees) and
expenses arising “\out \of wblicat use of, or reliance upon, this IEC Publication or any other IEC

8) Attention_is drawn to ativ€ references cited in this publication. Use of the referenced publications is
indisperisa

9) Attention posgsibility that some of the elements of this IEC Publication may be the subject of
patent right all not' be held responsible for identifying any or all such patent rights

International Standard IEC 60825-4 has been prepared by IEC technical committee 76: Optical
radiation.safety and laser equipment.

This-consolidated version of IEC 60825-4 is based on the first edition (1997) [documents
76/159/FDIS and 76/168/RVD], its amendment 1 (2002) [documents 76/242/FDIS and
V/6/252/RVD] and its amendment 2 (2003) [documents 76/263/FDIS and 76/273/RVD].

It bears the edition number 1.2.

A vertical line in the margin shows where the base publication has been modified by
amendments 1 and 2.

Annex D forms an integral part of this standard.

Annexes A, B, C and E are for information only.



https://iecnorm.com/api/?name=5f799c4e9aaf168838b24cddce452740

-4 - 60825-4 © IEC:1997+A1:2002+A2:2003(E)

The French version of this standard will be issued separately.

The committee has decided that the contents of this publication will remain unchanged until
2005. At this date, the publication will be

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
+ amended.

@%
&
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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 aceess,
interlocking and labelling, and gives general guidance on the design of protective housings and
enclosures for high-power lasers.

This part of IEC 60825 deals with protection against laser radighd ards from

Where the term ‘“irradiance” is used, the expressi
appropriate” is implied.

&

adiahce or\radiant exposure, as
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SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

1 General

1.1  Scope

This part of IEC 60825 specifies the requirements for laser guards, perm#nen
(for example for service), that enclose the process zone of a laser prptgssing
specifications for proprietary laser guards.

and temporary
nachine, and

b) how to select a laser guard.

1.2 Normative references

dated references, only
the referenced docume

IEC 60825-1: 1998
and user’s guide

1.3 Definitions

For the purpose of this part of IEC 60825, the following definitions apply in addition to the
definitions given in IEC 60825-1.

1.3.1
active guard protection time
for a given laser exposure of the front surface of an active laser guard, the minimum time,

measured from the issue of an active guard termination signal, for which the active laser guard can
safely prevent laser radiation accessible at its rear surface from exceeding the class 1 AEL.
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1.3.2

active guard termination signal

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

NOTE The action of a safety interlock becoming open circuit is considered a "signal” in this context.

1.3.3

active laser guard

a laser guard which is part of a safety-related control system. The control system generates an
active guard termination signal in response to the effect of laser radiation on the front surface
of the laser guard

1.3.4

foreseeable exposure limit (FEL)
the maximum laser exposure on the front surface of the laser guard
inspection interval, assessed under normal and reasonably foresee

aintenance

1.3.5
front surface

1.3.6

laser guard
a physical barrier which limits the exjent of g
accessible at its rear surface from ex i

1.3.7
laser processing machine
a machine which uses a laser to proce

1.3.8

laser termination time
the maximum time takg
radiation to be t ate

NOTE Laser terminatiof
laser processing mack

1.3.9
maintenance
the time pet

1.3.10
passive laser gt

a laser guard-whiché€lies for its operation on its physical properties only

1.3.11
process zone
the.zone where the laser beam interacts with the material to be processed

1.3.12

proprietary laser guard

a passive or active laser guard, offered by its manufacturer as a guard with a specified
protective exposure limit
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1.3.13

protective exposure limit (PEL)

the maximum laser exposure of the front surface of a laser guard which is specified to prevent
laser radiation accessible at its rear surface from exceeding the class 1 AEL

NOTE 1 In practice, there may be more than one maximum exposure.

NOTE 2 Different PELs may be assigned to different regions of a laser guard if these regions are clearly
identifiable (for example a viewing window forming an integral part of a laser guard).

1.3.14

rear surface

any surface of a laser guard that is remote from the associated laser radiation and usually
accessible to the user

1.3.15

reasonably foreseeable
an event (or condition) when it is credible and its likelihood of occur
be disregarded

1.3.16
safety maintenance inspection
documented inspection performed in accordance with v 5 NS ons

1.3.17
temporary laser guard
a substitute or supplementary active

supplied by the laser p

2.1 Design re@

211

A laser guard
its rear surfdce

NOTE 1 «Examples of associated hazards include: high temperature, the release of toxic materials, fire, explosion,
electricityy

NOTE.2 See annex B for assessment of foreseeable exposure limit.
21.2 Consumable parts of laser guards

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

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



https://iecnorm.com/api/?name=5f799c4e9aaf168838b24cddce452740

60825-4 © IEC:1997+A1:2002+A2:2003(E) -9 -

2.2 Performance requirements
2.21 General

When the front surface of a laser guard is subjected to exposure to laser radiation at the

foreseeable exposure limit, the laser guard shall prevent laser radiation accessible at its rear
surface from exceeding the class 1 AEL at any time over the period of the maintenance
inspection interval. For automated laser processing machines, the minimum value of the
maintenance inspection interval shall be 8 h.

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

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

radiation,
transmit
7 reversible

NOTE 2 Some materials may lose their protective properties due to ageing, ¢
certain gases, temperature, humidity and other environmental conditions. Addition
laser radiation under high-intensity laser exposure, even though there may k
bleaching).

222 Active laser guards
a) The active guard protection time shall exceed

b) The generation of an active guard Ae

2.3 Validation

If the laser processing
shall confirm that the g

performance re

es to make a laser guard, the manufacturer
he design requirements of 2.1 and can satisfy the

231

2.311 &laser gdard, or an appropriate sample of the material of construction of
the lase

NOTE 1 ermined PELs for common combinations of lasers and guarding materials, together with

suitable testing\procedures shall be issued as an informative annex in a future amendment to this standard. This
could provide'a simple alternative to direct testing for the majority of cases.

NOTE 2~See annex B for the assessment of FEL.

2:3.1.2 For testing purposes, the FEL exposure shall be achieved either:

a) by 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
conditions of the front surface permitted within the scope of the routine inspection instructions
and within the service life of the guard, which minimize the laser radiation protective properties
of the laser guard (for example wear and tear and surface contamination) (see 2.4.2).
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2.4 User information

2.4.1 The manufacturer shall document and provide to the user the maintenance inspection
interval for the laser guard, and details of inspection and test procedures, cleaning,

renlacement or renair of damaaed parts toaether with anv restrictions of use
P 1 I Lod 7 J J

2.4.2 The manufacturer shall document and provide to the user instructions that after any
actuation of the safety control system of an active guard, the cause shall be investigated,
checks shall be made for damage, and the necessary remedial action to be taken before
resetting the control system.

3 Proprietary laser guards

3.1 Design requirements

A proprietary laser guard shall not create any associated
when exposed to laser radiation up to the specified P
information (see 3.6).

3.2 Performance requirements

class 1 AEL when its front surface is subjecteq t 2 igh at the specified PEL. For an

: Q Is adiation accessible over the period of
the active guard protection time, measured S ent an active guard termination signal
is issued.

This requirement shall b i ded lifetime of the guard under expected

service conditions
3.3 Specificati;

the wavelength™ar'which this PEL applies;
the angle of incidence and (if relevant) the polarization of the incident laser radiation;

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 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 Inall cases_a range or set af values can he stated rather than a Qingln value

NOTE 3 A graphical form of presentation (for example irradiance vs. duration with all other parameters constant).
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3.4 Test requirements
3.4.1 General

Testing shall be performed using the complete laser guard or an appropriate sample of the

material 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,
including reduced surface reflection and damage permitted within the scope of the routine
maintenance instructions (see 3.6).

The front surface irradiation shall be either as specified by the PEL or, in the case of samplée
testing, as specified in 3.4.2 below.

duration specified in the PEL or, in the case of an active guard,
protection time measured from the moment an active guard ter

greatly in excess of the class 1 AEL will therefore be rapid, and $ensjtive radiqtion detectdrs will not be required.

3.4.2 Sample testing

Sample guard testing shall be perform
using the procedure and methodology

3.5 Labelling requireme

3.5.1 All labelling.shall b
3.5.2 The rear s;:f

important.

3.5.3 If onl rface of the guard is a laser guard, this area shall be clearly
identified tine and words to indicate the outer boundary of the laser
guard.

3.5.4 The labélling shall state the full PEL specification.

3.5.5 The manufacturer’s name, the date and place of manufacture according to ISO 11553,
and alstatement of compliance with this standard shall be provided.
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User information

In addition to the specifications listed in 3.3, the following information shall be supplied to the
user by the manufacturer of a proprietary laser guard:

a)
b)
c)

d)

e)

f)

g)

a description of the permitted uses of the laser guard;
a 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 include
interface and supply requirements for the guard;

maintenance requirements, including for example details of inspection and test procedures,
cleaning, replacement or repair of damaged parts;

instructions, that after any actuation of the safety control system of ive guard, the
cause shall be investigated, checks shall be made for damage, andthg
action to be taken before resetting the control system;

the labels in 3.5 and their locations. If only part of the front surface ¥ ; $’a laser
guard, this area shall be identified;

a statement of compliance with this standard.

&
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Annex A
(informative)

General guidance on the design and selection of laser guards

A.1  Design of laser guards

A.1.1 Passive laser guards

Examples of a passive laser guard include the following.

reasonably foreseeable fault conditions.

b) A transparent sheet, opaque at the laser wavelength, whi
laser exposure under normal operation of the laser processi

A.1.2 Active laser guards

ired fox the proper functioning of an active guard, its supply should be arranged
is not possible in the absence of such power.

If power is req
so that laser‘operatiqn

A.2~ Selection of laser guards

A-simple selection process is as follows:

a) 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;

h tha EEl tinAdAay fald ~anA farahlyv atin
~ re L=

iona  Nea hyvy tneliiAdines ~pidAns
Lunderfaultconditions—preferablybyinrcluding—automatie
monitoring in the machine which will detect the fault conditions and limit the exposure time.
Examples of alternatives include the following:

N _if narnancoAnry mainimmion
TR eeeSSary e

— ensure that the laser guard is sufficiently far away from beam focus produced by
focusing optics;

— install vulnerable parts of laser guard (such as viewing windows) away from regions that
could be exposed to high irradiance;
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— move the laser guard farther away from the laser process zone;

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

* one or more persons to be present to supervize the condition of the front surface of

the laser guard, to reduce the assessed exposure duration of a passive 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 guard;

* additional local temporary guarding, apertures and beam dumps to be employed,(to
absorb any powerful errant laser beams;

+ the danger zone to be bounded by errant beam warning device
placed beyond this zone to reduce the assessed exposure duration;

and the\guard

— incorporate in the design of the machine, when using tempogary la ds, beam
control features to facilitate improved Iaser beam control ations,
such as:

* holders for precise location of additional beam forming Co for example

turning mirrors) required during servicing;
* mounts which allow only limited scope for bea

Three options then follow. The order below does not [ndiCale apxefere

A.2.1 Option 1: passive laser guarg

This is the simplest option.

NOTE Design and quality control are partlc larly rations where the absorption at the laser
wavelength is dominated by a mjneri , astic. In such cases, where the manufacturer
of the material does not specify the\cor iON r or the material optical attenuation at the laser
wavelength, samples from the same bat( &first be tested as described in 2.3.1

A.2.2 Option 2@
If the FEL cannot be here common guarding materials provide adequate
protection in the fofig'x i guard, an active laser guard can always be used.



https://iecnorm.com/api/?name=5f799c4e9aaf168838b24cddce452740

60825-4 © IEC:1997+A1:2002+A2:2003(E) — 15—

Annex B
(informative)

Assessment of foreseeable exposure limit

B.1 General
FEL values may be assessed either by measurement or by calculation (see below).

The standard prEN 1050 provides a general methodology for risk assessmgnt. The asSessment

NOTE |Irradiance is expressed as the total pow
specified limited area, as appropriate.

NOTE 2 CAUTION: At Brewster's angle of incidence "p" polarized radiation is strongly coupled into the surface of
the guard.

g) 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 pass
through the laser guard undetected).

h) For an active laser guard, the active guard protection time.
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B.2 Reflection of laser radiation

B.2.1 Diffuse reflections

Laserguard —

Assuming a Lambertian reflector with 100 %
reflectivity P, Irradiance Ea
B oot |
E, = = g<s Ocos¢@
V4 R2 2

IEC 1465797

igure~B.1 — Calculation of
diffuse reflections

B.2.2 Specular reflections

It is difficult to generalize fo
reflections.

Gaussian distrib , A,
at the focusing | 4 ‘s
irradiance (at the P, ~,
distribution) in a pory
focus is: R-"
A

-8
where p is_the ectivity of the workpiece Laser guard |
surface. IEC 1466/97

CAUT|ON: Certain curved surfaces may increase
the.reflection hazard.

Figure B.2 — Calculation of
specular reflections
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B.3 Examples of assessment conditions

FELs should be assessed for the worst reasonably foreseeable combination(s) of available
laser. pnrnmnfnm’ wnrkpinr‘n materials gnnmnfry and processes Iiknly to _be encountered

during normal operation (annex E of IEC 60825-1 provides a list of common fault conditions).

Laser guar

Laserguard —»

IEC 1468/97

e B.3Y — Workpiece bends or is inadequately clamped

Laserguard —»

_—

\
[ ]
IEC 1469/97

Figure B.3c — Workpiece missing

Figure B.3 — Some examples of a foreseeable fault condition
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.
C” ”
" ”
Vet Errant laser beam
N
S
' )
' )
. ' \_ Mirror missing
' L
' L]
'
'
'
‘
v oWV IEC 147097

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

Mirror

Errant laser heal

Errant laser
beams

IEC 1472/97

Beam expands beyond range of optics

Reflective object
enters beam path

IEC 1473/97

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, repeated for the maximum number of
machine cycles within a safety maintenance inspection interval.

4 |aserirradiance 5
of the guard (Wm'™)

|

Scattered radiation during
processing of a single piece

PN

Automated processin

A possible value of irradiapce . The characteristics of the
specified inhe radiation (i.e. pulsed or
continuous wave) also form
Q part of the FEL
Q v IEC 1474/97

tre laserguard exposure during repetitive machine operation

Figure B.5
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B.4.2 Fault Conditions

A safety control system involving some form of machine monitoring can reduce the time for
which the guard must safely contain the radiation hazard under fault conditions. Two examples

are aiven helow
~J

Assessed duration of exposure

Laser irradiance | |

of the guard (Wm®)

P N

Onset of fault A

On-line process monitoring detects fdult A duripg
processing

. /_ Laser safety shutter closes <\

X |4
Tim
IEC 1475/97
Figure B.6a — Shut-down with on-line machine
VN
__________________________________ L o N ot o Bt N NA
Laser irradiance
of the guard (Wm'z)
[
| 4
Q Time
Machine shut down
g before next piece is
reveals that fault B occurred processed
IEC 1476/97

u "6b — Shut-down with off-line machine safety monitoring

Figure B.6 — Two examples of assessed duration of exposure
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For reasonably foreseeable fault conditions which are not detected by some safety-related
control system, the assessed duration of exposure is the full safety maintenance inspection
interval.

VN
Laser irradiance )
of the guard (Wm™)

Assessed exposure duration = maintenance inspection interval

>

. \
\Qﬁ} . . T Time
Safety' main ce inspection

v

Onset of undetected fault
revegls damage to guard

IEC 1477/97

Figure B.7 — Assessed duration of € achine with no safety monitoring

B.4.3 Servicing operation

The factors whi
exposure of a te

(passive gudrds);

— degree of-eoncealmhent of the front surface of the guard (passive guards);

— totakarea of guard to be supervized (passive guards);

— degree of training of service personnel.

Asrisk assessment should be performed to identify hazardous situations and to assess the
foreseeable exposure level. Where human intervention is required to limit the duration of
exposure of a temporary guard, a value of not less than 10 s should be used. All reasonably
practicable engineering and administrative control measures should be implemented to reduce
reliance on temporary screens to provide protection.

B.5 Reference document

prEN 1050: 1993, Safety of machines — Risk assessment
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Annex C
(informative)

Elaboration of defined terms

C.1 Distinction between FEL and PEL

Maximum reasonably foreseeabl
exposure at the front surface of
laser guard is the FEL

Laser

exposure
EL)

Laser guard

IEC 1478/97

minimum va
location.

The PELSindicates the capability of a laser guard to protect against incident laser radiation. The
manufacturer of the laser processing machine shall perform tests to confirm the adequacy of
the laser guards. This can be accomplished by direct testing, or by determining the PEL of the
guard, or by purchasing a proprietary laser guard for which the PEL is specified.

C.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;
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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 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 threshoéld
value and the moment when an active guard termination signal is produced by an active laser
guard. Similarly, there is a time delay, termed the laser termination fime, between’ the
production of the active guard termination signal and the moment when ser radiation is
terminated.

laser termination

time
Incident laser Active laser guard Laser guard no longer
radiation exceeds outputs laser provides protection if
some threshold value termination signal the exposure is not

terminated

v

t=0

v

AONNDIONEN
RN

< <

»
L

Active guard protection time EC 1479/97

e C.2 - lllustration of active laser guard parameters
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Annex D
(normative)

Proprietary laser guard testing

D.1 General

It should be noted that it is inappropriate to use higher power lasers to simulate low pewef
laser parameters by adjustment of the distance from the focal point, because beam quality, and
other characteristics of the laser beam are likely to be different or unexpec

parameters used. Thus the results of these tests should serve onl
comparison purposes.

The tested exposure limit (W-m=2 fgr CW s J-m=2 for pulsed lasers) shall be
determined by tests performed when \irra S rface of a sample of representative
thickness and compositigr i Q not\le§s than 3 times the maximum beam
dimension (1/e2) encount on (thereby guaranteeing that the radiant
heat flow is taken into[acco gting elements shall only be included in the

tests if they are necessar truction and integrity of the guard. In the case of
non-circular bea ¢ f eapr used in the test shall be specified. Non-circular
beams are those tween the major and the minor dimension is greater

than 10 %.

y for the tests then its maximum overlap on the sample edge
shall not.exce i om the edge of the sample. The holding arrangement in contact
~ athermally insulating (e.g. ceramic, etc.) compatible with use at the

The sample shall be normal (+3° to avoid retro-reflections) to the laser beam with the beam
axis,centred on the sample at a distance ‘F1’ as shown in Figure D.1. The distance F1 past the
focalpoint shall be not greater than 3 times the focal length (F) of the focusing lens.

Lens /

/Guard

\ 4

IEC 1930/02

Figure D.1 — Simplified diagram of the test arrangement
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For passive guards: the accessible laser radiation at the rear surface of the sample shall not
exceed class 1 AEL during the test exposure, the duration of which is dependant on the period
of exposure set by the manufacturer of the proprietary guard.

NOTE Maintenance inspection intervals of proprietary laser guards should be specified by their manufacturer

using classifications T1, T2 or T3 as defined in Table D.1.

Table D.1 — Laser guard classification

Maintenance
Test classification inspection interval Suggested laser guard usage
s
T1 30 000 For automated machine usage
T2 100 For short cycle operation and_iptermitteqt
inspection aN
T3 10 For continuous inspec@\l\y bse}vet%n\ \

For active guards two tests shall be satisfied:

a) the active laser guard shall output the laser termination ended to lead to
automatic termination of the laser radiation) in resptnse™tq of its front surface
to laser radiation in excess of the specified expogure A ly foreseeable fault within
the active guard system shall not lead to the nction. The reasonably

r before the next demand

b) the accessible laser radiation at the - mple of the passive laser guard,
incorporated in the active laser g seed class 1 AEL in response to any
exposure of its front surface to las

The protective expf i as defined in 1.3.13) specified by the manufacturer
shall be equal t ¢ limit, which satisfies the above conditions, multiplied
by a correctio

PEL = 0,7 x tested exposure limit
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Annex E
(informative)

Guidelines on the arrangement and installation

of laser guards

E.1 Overview

This informative annex addresses the arrangement and installation of guards to  frotect
personnel against laser radiation hazards around the process zone o aser_materials

processing machine. These guidelines are for use by manufacturers apdfor users. Tkhe object
of the annex is to encompass guarding for a stand-alone laser- mashine (see
ISO 115531) and additional (often user-installed) guarding required fo sa e\a laser-
processing machine. Guarding issues relating to associated hazgrds © ng (which

include mechanical, electrical, fume and secondary radiation s Qt considered in
detail in this annex.

E.2 General

E.2.1 Introduction

Laser guarding is required to isolate th i to the associated hazards of
laser processing. Some of the guards mz c -processing machine, additional
guarding may be used to facilitate safe(loadj ding of workpieces, and for servicing.

Key elements in assess installation of guards around the process zone

include:
a) the degree of a; ik i orkpiece handling (especially the degree of manual
manipulation);

Good practice in determining the location of laser guards includes:

— thé laser guard should be located at least 3 focal lengths away from the focal point of a
focussing lens;

" laser guards with lower protective exposure limits (PELs), for example viewing windows,
should not be located where the direct beam or specular reflections are expected.

E.2.4 Complete enclosure

A complete enclosure is one which meets all the requirements for a protective housing as
specified in Clause 4.2.1 of IEC 60825-1 and encompasses the embedded laser and the entire
process zone, such that there is no human access to hazardous radiation.

1) Also published by the European Committee for Standardization as EN 12626.
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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 pn:eihln

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 pers oyt 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 interiqck

engineering and admjnistrati ‘ reasonably provide a sufficient level of
protection. Where persona p otecti guipment is employed it should be supported with an
adequate level @ ' i ovefning its use. It should only be used when a risk
assessment has Owh t useNof other means of risk reduction has failed to produce a

sufficient degree of vhep\#t is not reasonably practicable to ensure adequate

Where machi i require a human access, then human intervention can be included
in the risk assessmeht and the consideration of implications for the duration of the fault
condition. .Under thése conditions access should be controlled and accessible only to
authorised. persons who have received adequate training in laser safety and servicing of the
laser system involved. The area should also be restricted and not open to the public and where
obseryers or other untrained personnel are kept from being exposed to the hazards by barriers
ar.administrative controls.

E.3 Risk assessment

=
| =1

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 EN 1050.
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E.3.2 General 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 f:mfnrg inhlurling the fnllnwing

E.3.2.1 Features of the laser process zone

Relevant features include the laser power and wavelength, the focal length of optics, the
degrees of freedom of the beam delivery (e.g. number of axes of movement).

E.3.2.2 Process

The nature of the process, such as cutting, drilling, welding, marking/" wjne may be
dedicated or offer several processes.

be exposed under
it (FEL) is determined

becoming evident.
E.3.2.5 Robot@'

éry to the robot, and the means of limiting robot head
aftware limits, hardware limits and physical limits), in particular

The geometry, compgsition and surface finish of the workpiece, and how it can affect the
directionand strength of reflections during laser processing.

E.3.2.7 Clamping and fixturing

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

E.3.2.8 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.3.2.9 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 inh::grihll of the mmm‘ring of beam Ir_\::‘rh anpnnnnfe, means of mainfnining 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 should 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 give rise to optical
misalignment. Attention should 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 performance ©f beam
delivery optics is uncertain.

E.3.2.10 Location of workers
The defined work area, in particular the minimum distance

machine. Included in this consideration are overhead locatio
workers on elevated walkways), steps and ladders in the vicjmi

E.3.2.11 Maintenance provision

This consideration includes the means and con
removable panels, key control) and the provision

E.3.2.12 Guarding properties

ns and reasonably foreseeable fault
, including fixed and moveable walls

the effectiveness of the guarding, including access
ts that could cause significant mechanical damage,

- Example

Lasér processing unit mounted over a conveyor belt.
<~ Location

During normal production or maintenance, access is controlled and only accessible to
authorised 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.
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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.

Possible solutions

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.

— provide local guarding with a brush seal to maintain enclgsuke
component, or

— provide an open tunnel around opening(s) to restrict
process zone. This may be accomplished by:
using a labyrinth for the component entry and
sight, or
by the use of an interlocked bartkier (e.g

Possible solutions

Where_the risks of excessive laser radiation are high (for example where hazardous 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 prior to laser processing.

Where the risks of excessive laser radiation are medium or low (for example beam is directed
\/nrfinnlly onto a flat \Amrl(pinhn and enclosed to within a short distance of the wnrkpinr\n)'

— provide free-standing guard to protect the laser operator;

— provide PPE requirement for all persons within the restricted access zone.

In all cases, provide adequate controls to ensure unauthorised and untrained persons are
prevented from exposure to any hazard that may cause harm.
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E.4.3 Multi-axis processing machine

Example

— AutonTated tobotic taser wetder omam automobitetite:

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 tg
and the area restricted and not open to other untrained personnel.

orised.persons

Key issue

A fault condition in the controller could lead to the laser be at the laser

guarding.

Possible solutions

¢ indicated as vulnerable by
active guard.

ormance being tested as described in
antative laser beam;

Temporary-laser gu
servicing_ operation.

ds set up during service activities to exclude persons not involved in the

Lecation

During normal production or maintenance, these laser guards would not be used as a
protective guard.

During service periods, access would be controlled. The location is only accessible to

authorised persons who are trained in laser safety. The location is not open to other untrained
personnel as indicated by administrative means (e.g. warning signs).

Key issue

Beam direction is under administrative control.
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