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FOREWORD

This amendment has been prepared by IEC technical committee 76: Optical radiation safety
and laser equipment.

The text of this amendment is based on the following documents:

FDIS Report on voting
76/263/FDIS 76/273/RVD

Full information on the voting for the approval of this amendment can be
bn voting indicated in the above table.

Rd in thereport

The committee has decided that the contents of the base publicatid
femain unchanged until 2005. At this date, the publication will bg

1 reconfirmed;

1 withdrawn;

1 replaced by a revised edition, or
1 amended.
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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 protec
personnel against laser radiation hazards around the process zone of a laser material
processing machlne These gwdellnes are for use by manufacturers and/gr users. The 'Objec

ISO 115531) and additional (often user-installed) guardlng required t
processing machine. Guarding issues relating to associated haz
which include mechanical, electrical, fume and secondary~ad
tonsidered in detail in this annex.

E.2 General

F.2.1 Introduction

| aser guarding is required to isolate
rser processing. Some of the guards

servicing.

zone include:
a) the degree o;gc
manual manipuyla

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

-

t) the meth e workpiece and any associated parts (e.g. scrap) afte

~

500d practice in dete€rmining the location of laser guards includes:

1+ thectaser guard should be located at least 3 focal lengths away from the focal point of &
fecussing lens;

should not be Iocated where the dlrect beam or specular reflectlons 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 possible.

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.

F.2.6 Hierarchy of control of laser hazard areas

The following hierarchy of measures is recommended for keeping pers out ofjan area

vhere there is an intolerable risk:
a) fit a fixed guard;
b) fit a removable guard;

e machineg|,
he area (e.g. &

t) fit an electronic protection device linked to the safet
around the perimeter of the area (e.g. a light bea
pressure mat);

)

£

ngineering and
rotection. Whe

6ther means of r|sk reduction has failed to produce
it is not reasonably practicable to ensure adequat}
orking with UVB and UVC, protective clothing may b

q

{Vhere machine-sperapions require a human access, then human intervention can be includec
in the risK2assessmént and the consideration of implications for the duration of the faulf
condition. )Under these conditions access should be controlled and accessible only td
%uthorised persons who have received adequate training in laser safety and servicing of th%
[

ser-system involved. The area should also be restricted and not open to the public an
hefe observers or other untrained personnel are kept from being exposed to the hazards b
barriers or administrative controls.

E.3 Risk assessment

E.3.1 Introduction

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 factors, including the following.

E.3.2.1 Features of the laser process zone

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

dearees of freedom of the beam deliverv (e a_number of axes of movement)
) PAR SR 7

£.3.2.2 Process

The nature of the process, such as cutting, drilling, welding, marking.
dedicated or offer several processes.

shing/may be

INOTE Reflected laser powers differ appreciably with process and material being proce

[ his factor addresses in particular the time during which 5 ay pe exposed undef
fault conditions, including those upon which the i exposure limit (FEL) is
determined (e.g. the process cycle time), the inspectidn)proc per item or per timg
period/ number of items), and the means and effective @ ofRautomatic process control
i

I he beam delivery to the robot, and the means of limiting rob
head movem ire \ (.97 software limits, hardware limits and physical limits), i
particular th k ach of the exposed laser beam to laser guards.

Mmpact protection for the robot head and genera’l;
o)
i

The geometry;. campo
direction and'streng

ition and surface finish of the workpiece, and how it can affect the
of reflections during laser processing.

.3.2:7- Clamping and fixturing

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 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.

¢xposure of the beam delivery structure to external mechanlcal forces (e.g. vibration) whlch may give rise to opticdl
isalignment. Attention should also be given to tampering with optics or anomalous performance of |asers|,
¢specially in regard to beam pointing, and situations where the laser power is so high that the performance of

beam delivery optics is uncertain.

.3.2.10 Location of workers

he defined work area, in particular the minimum distance ¢
achine. Included in this consideration are overhead locatior
vorkers on elevated walkways), steps and ladders in the viginj

d

F.3.2.11 Maintenance provision

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

enance positions (e.g|
Jes and emergency stops.

aand windows.

.3.2.13 Guarding e

:nvironmental f

F.4.1 Conti ped of components

Example

L aser 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.

Vhere the risks of excessive laser radiation are medium or low (possihle ions following

fhe risk assessment):
+ provide local guarding with a brush seal to maintain enc
component, or

+ provide an open tunnel around opening(s) to restrict Ai ight o the laser
process zone. This may be accomplished by:

using a labyrinth for the component entry and 3 i block direct line of
sight, or

by the use of an interlocked barrier (e.g. light g neingy or a pressure mat tha£
is approved for safety applicatio : -

direct line of sight.

F.4.2 Flatbed laser cutting and mar,

Example

Flatbed cutting table i

Location Q

Possible-solutions

Vhere)the risks of excessive laser radiation are high (for example where hazardous lasef
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
vertically onto a flat workpiece and enclosed to within a short distance of the workpiece):

— 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
Automated robotic laser welder on an automobile line.
Location

PR arproaacHoR—- <

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.

WQrised, personsg

Key issue

\ fault condition in the controller could lead to the laser hea at the lasef

guarding.

Possible solutions
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provide guarding\whis 5 ' performance being tested as described in
esentative laser beam;

provide s ire limits to beam-line rotational movement;
provide col ¢ beam-line ‘head’;
provide add S preventing laser emission beyond the workpiece;

provig )f_the er emission if the laser focusing head is stationary.

Example

Temporary laser guards set up during service activities to exclude persons not involved in the¢
servicing operation.

Location

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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Possible solutions

Where the risks of excessive laser radiation are high, the elements of solution include:

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

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

— use trained personnel to carry out such service operations;

+—_proteciive laser eye wear (and possibly skin wear) 10 be used by a OS€ Inside

controlled area.

Vhere the risks of excessive laser radiation are medium or low (e.g. arga outside the’lasef

guard is cleared of personnel):

+ as above, except that the protection time provided by the screg 8 S an 100 $

exposure of the screen provides a clearly visible indig : e or strong
discoloration).

.5 Aids to risk assessment

This clause provides a list of items to be considered\w

en agsessing the risks associated witl
E laser-processing machine in the desjgr_of 13 / T@s tails should form part of

tonsidered. %
F.5.1 Equipment
{ Laser

— Type Q

—  Wavelength

Beam_ detivery putput lens focal length

Processing machine type

~._J2-axis machine

.axis-machine

— machine with more than 3 axis
— robot

— fume extraction fitted

— process zone enclosure:

- Class 1 AEL

— other
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E.5.2 Process machine beam delivery

Beam delivery path monitoring:

- by hardware control

- by software control

Beam delivery turning mirror monitoring:

- by hardware control

— by software control
Beam delivery mechanical assembly:

— requires use of tools

monitoring provided

by hardware control
- by software control

— beam focus lens control assembly

{ Free space beam delivery system

{ Fibre optical beam delivery system
F.5.3 Process description

{ Soldering/brazing

{ Heat treatment

{ Marking

Welding
Drilling/cutting

Cleaning Q
Forming

Rapid prototyp

For manual modg operation (i.e. where manual intervention during the machine cycle i$
intended):

-~ {ully guarded operation

Method of process observation:

— use of windows in the process zone enclosure

- use of CCTV monitoring

- other

Method intended to stop the cycle if an error observed:
- Emergency Stop

— Normal Stop
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E.5.5 Basic description of robot (see ISO 10218)

Swing range:

— restricted space

— maximum space

- safeguarded space

Method of limiting range of motion:

— hardware control

- software control

Method of safeguarded space interlocking:
— hardware control

- software control

Collision sensing:

— hardware control

- software control

End position control:

- hardware control

- software control
F.5.6 Types of processed parts
{ Type of geometry

- plate
— other

Type of mat

Laser beam damédge potential
- .due to reflective areas on the tooling

~-/due to surface finish of the tooling

E.5.8 Material flow into the process zone

Automated continuous flow of components
Manual singe component

Process zone component access:

— sliding door

- lift door

— rolling door
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