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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

FOREWORD

The |Ferterratiora eetretechhical-Coemmission a—-werewide—erganization—+e afferareiZzation
all nafional electrotechnical committees (IEC National Committees). The object of the | is’\tg
interngitional co-operation on all questions concerning standardization in the electricaNand_electrgnic

this epd and in addition to other activities, the IEC publishes International Standards \eir’ prep
entrudted to technical committees; any IEC National Committee interested/in \the_subjectN\dealt
participate in this preparatory work. International, governmental and non-govirnmental organizatio
with the IEC also participate in this preparation. The IEC collaborates closgly™wi ational Of
for Sfandardization (ISO) in accordance with conditions determiney een
organjzations.

The fprmal decisions or agreements of the IEC on technical matters &x 3 NaS nerly as po
interngtional consensus of opinion on the relevant subjects sine > ée has repr

from 4dll interested National Committees.
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Annexes A, B and C are for information only.

The French version of this standard will be issued separately.
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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
enclosures_for high_lrm\/\/nr lasers

This pdrt of IEC 60825 deals with protection against laser radiafi ) s from
seconddry radiation that may arise during material processing are ng

Laser quards may also comply with standards for laser Ut such
compliahce is not necessarily sufficient to satisfy the requiren
Where [the term ‘“irradiance” is used, the expressig adia ure, as

appropr|ate” is implied.

W
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SAFETY OF LASER PRODUCTS -

Part 4: Laser guards

1 General
1.1 Scope
This pa =mporary
(for exa ne, and

specific

This stgndard applles to all component parts of a guard including ¢ ea isi Apgmitting)
screens| and viewing windows, panels, laser curtains and walls. bm path
components, beam stops and those other parts of a protectiye housing ©o% ct which
do not gnclose the process zone are contained in IEC 60825

In addition this part of IEC 60825 indicates:

a) how o assess and specify the protective pro
b) how fo select a laser guard.

1.2 Nofmative references

The foll ) his text,
constituf isi i ( B0825. At the'time of publication, the editions ipdicated
were vali > R revision, and parties to agreements based
on this Q investigate the possibility of applying the most

IEC 60 43, X Qf laser products — Part 1: Equipment classification, requirements

% Jf machinery — Basic concepts, general principles for dlesign —
pethodology

ISO 11553 -ofmach ey 5 rg-rrach e regeirements

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
foreseegble exposure limit (FEL)
the max
inspecti

itenance

1.3.5
front sufface
the face

1.3.6
laser gujard:
a physi
accessi

adiation

1.3.7
laser prpcessing machine
a machine which uses

1.3.8

laser te mination@
the maXimum time“tz
radiatiof to be terpi

he laser

NOTE - |
laser prod

se of the

1.3.9
mainten
the time

1.3.10
passive laser guard
a laser guard which relies 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
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.

prevent

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

accessible to the user

1.3.15

reasonably foreseeable
an eventt (or condition) when it is credible and its likelihood of o
be disrggarded

xisten

1.3.16
safety maintenance inspection
docume)nted inspection performed in accordance wit : uctions

1.3.17
tempordry laser guard

usually

cannot

a substitute or supplementary active or p ive la g rtended to limit the extemt of the

danger processing machine

2 Lasd

supplied

2.1 De

A laser
and als
addition

00-2 with respect to the general requirements fo
sirements with regard to its location and method of fi
er requirements shall be met.

211 Qg

A laser guard,in it ended location, shall not give rise to any associated hazard at of

its rear gurface when exposed to laser radiation up to the foreseeable exposure limit.

and are

guards
ture. In

beyond

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

electricity.

NOTE 2 — See annex B for assessment of foreseeable exposure limit.

2.1.2 Consumable parts of laser guards

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

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

by laser
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2.2 Performance requirements
2.2.1 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 resfstanceN\to lasgr-induced

damage.

NOTE 2 4 Some materials may lose their protective properties due to ageing, expq radiation,

certain ggses, temperature, humidity and other environmental conditions. Addition® transmit

laser radiption under high-intensity laser exposure, even though there may henho eversible

bleaching).

2.2.2 Alctive laser guards

a) The |active guard protection time shall exceed ition time up| to the
foregeeable exposure limits.

b) The audible
warn

NOTE —

2.3 Validation

If the lager processing ; facturer

shall confirm that the ¢ G i i sign requirements of 2.1 and can saltisfy the

performpnce requi :
NOTE — $ee annex A

2.3.1 V|

2.3.11 atd, or an appropriate sample of the material of constriiction of

the lase at each FEL identified.

NOTE 1 mined PELs for common combinations of lasers and guarding materials, together with
suitable tgsting pracedures, shall be issued as an informative annex in a future amendment to this stanglard. This
could pro ative to direct testing for the majority of cases.

NOTE 2 { Sée”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,
replacement or repair of damaged parts, together with any restrictions of use.

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 Pro rintarv lacnyr Aariavdce
FII\.:\.MI TSt guaros

This clapse specifies the requirements to be satisfied by suppliers of p i asex duards.

3.1 Depign requirements

A proprietary laser guard shall not create any associated hazs > i surface

when exposed to laser radiation up to the specified PEL W LS S he user

information (see 3.6).

3.2 Pefformance requirements

The acgessible laser radiation at thé eed the

class 1 AEL when its front surface is s For an

active lgser guard, this requirement shal-a eriod of

the actiye guard protection time, measuyred c n signal

is issuedl.

This requirement shal xpected

service ponditions.

3.3 Sp ecificatio@ i

The full

a) the surface
of th it to the
arealo

b) the ove

c) the wavelength for b

d) the

e) any minimum P g PPy n 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 — In all cases, a range or set of values can be stated rather than a single 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 sample
testing, as specified in 3.4.2 below.

When the front surface is subjected to the PEL exposure condition ssiljle laser
radiatiopn measured at the rear surface of the laser guard shall no
(tests as prescribed in clause 8 of 60825-1). This requirement 3
duration specified in the PEL or, in the case of an active guard, ifled astiye guard
protectipn time measured from the moment an active guard ter i i iS i

NOTE - In cases where materials opaque at the laser wavelength(s) arg d Xa , nsmitted
radiation Wwill only rise to the class 1 AEL when complete (or almost comp ice 3 bl along a
path throligh to the rear surface has been achieved. In such cases, the ri D 8 b a value
greatly in|excess of the class 1 AEL will therefore be rapid, and iti djatian uired.

3.4.2 Sample testing

3.4.2.1 | Sample testing shall be perfo square
sample jof uniform thickness and compositi hm. The
sample |shall be held in a clamping arfang nm from
the edge of the sample. T act with the sample shall bg of low

thermal|conductivity and
generatged.

ompatible with use at the tempgratures

3.4.2.2 | Where thé\PE 3.3 a)),
the test|shall expe [ energy
incident|on the sampfe s pecified
irradiange.

3.5 Labelling

3.5.1 4/

3.5.2 1 guard is

importa

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

3.5.4 The labelling shall state the full PEL specification.

3.5.5 The manufacturer’s name, the date and place of manufacture according to ISO 11553,
and a statement of compliance with this standard shall be provided.
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3.6 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) a description of the permitted uses of the laser guard;
b) 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;

d) maintenance requirements, including for example details of inspection and test procedures,

cleaning, replacement or repair of damaged parts;

e) instrfictions, that after any actuafion of the safety control system of
causg shall be investigated, checks shall be made for damage, and
actiop to be taken before resetting the control system;

f) the labels in 3.5 and their locations. If only part of the front surfs
gua:P, this area shall be identified;

g) a staktement of compliance with this standard.

W

n_acive gu

neces

(VAL

ard, the
emedial

a laser
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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.

a) A me
cooli

b) A tr
laser
Al.2 /
Exampld
a) Agu

NOTE - 7

reasaTnany foreseeable fault conditions.

laser beam.

b) A lag
gase
presg

A.1.3 |
Visible i

be prov
of the Ig

A.l.4 |

If powel i

so that |

tal panel relying on thermal conduction, if necessary enhance

nsparent sheet, opaque at the laser wavelength, whic

guard to hazardous amounts of laser radiatio
by adding a layer of an appropriate paint on bg

proper functioning of an active guard, its supply should be 3
is not possible in the absence of such power.

ir

lslyis contained a pressurized
3ensing device capable of deted
lirface.

Dr water

rmal and

value of

an errant

iquid or
ting the

h should
th sides

rranged

A2 S

] i £ 1 |
CITLUUIT UT TastT yudius

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;

b) 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 time.
Examples of alternatives include the following:

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

rface of

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 devices and_the guard placed

C(
SU

Three o

A2.1 (

This is the simplest option.

NOTE - [
waveleng
of the m4
waveleng

A2.2 (

If the F
protecti

beyond this zone to reduce the assessed exposure duration;

ntrol features to facilitate improved laser beam control d
ch as:

turning mirrors) required during servicing;
mounts which allow only limited scope for beam s

btions then follow. The order below does not j

Dption 1: passive laser guard

terial does not specif
h, samples from the

Dption 2: active
EL cannt@

bn in the forng

here common guarding materials provide &
ard, an active laser guard can always be useg

corporate in the design of the machine, when using tempor 5, beam

rations,

holders for precise location of additional beam formjing 3 bxample

the laser
hufacturer
the laser

dequate
d.

| values
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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 stan
should
each p

From th
exposur
for exan
while an

The full

NOTE - |
or specifi

NOTE - I\
limit to the

c) The temporal racst
ion, and e

radiajt
d) The {ull duratio

NOTE —

e) The
f) The #
NOTE 1
reflect im

NOTE 2
the guard

nclude consideration of cumulative exposure in normal operg

dard prEN 1050 provides a general methodology for risk asses

o limit to the are
exposed area wo

CAUTION: At Brewster's angle of incidence "p" polarized radiation is strongly coupled into the

bssment
b during

ure and

identified;

hdiance,

he guard,

an upper

ed laser

layers to

surface of

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

Laser guard —»»
Assuming a Lambertian reflector with 100 %
reflectivity P, Irradiance E4
P codd l / ?;
Ep = -2 [1—— [lcosgp
m R2
IEC 3465797
Fig — Calculation|of

diffuse reflections

B.2.2 $pecular reflections

It is difflcult to generalize for the case |of s
reflections.

For a Eircularly symms
Gaussign distribution, powef 3 A,

at the focusing .,
irradiange (at P,
distribufion) in a nory 1o
focus is . -
.R' /
0’ A’
)

where Laser guard —>»

surface

IEC 1466/97

CAUTION: 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 parameters, workpiece materials, geometry and processes likely to be encountered
during normal operation (annex E of IEC 60825-1 provides a list of common fault conditions).

Laser guard

)

IEC 67/9

Laser guard —»

IEC 1468/97

re By 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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RN Errant laser beam
-

. 2
o

\_ Mirror missing

"
.
.
.
v v IEC 1470/97

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

Mirror

Errant laser heal

Figure B.4b — Beam dispfa

Errant laser
beams

IEC 1472/97

&B.4 eam 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.

M Laskr irradiance 5
of the guard (Wm'™)

Scattered radiation during
processing of a single piece

P

Automated process

A possible value of irragiance —p
specified intheXEL

The characteristics of the
radiation (i.e. pulsed or
continuous wave) also form
part of the FEL

\/ IEC 1W74/97

ard exposure during repetitive machine operation
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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 given below.

Assessed duration of exposure

Laser irradiance | |

of the guard (Wm'z)

V' N
Onset of fault A

, On-line process monitoring detects fault A dixing
/ processing

:/_ Laser safety shutter closes <\ \

. . N

\ W
TEC 1415/97

ihe safety monitorin

Figure B.6a — Shut-down with on-line mac

Assessed exposure dufation

______________________________________________________________________ AP X I A

Lasqr irradiance 5
of the guard (Wm™)

\ ¢

Time
Machine shut down
eatiment inspection during the following before next piece is
reveals that fault B occurred processed
IEC 1476/9¢

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.

V' N
Laser irradiance 5
of the guard (Wm ™)

Assessed exposure duration = maintenance inspection interval

I ™ ey |
A

WEES

reveqls damage to guard

Onset of undetected fault Sal y\inmﬁ>ce inspectionT Time

Rine with no safety monitoring

aser termination measured from the ¢nset of
operations include:

Xposure

— degree of training of service personnel.

A risk 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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IEC 1477/97
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