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Part 2: Guidance on manufacturing requirements
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of IEC ,is to p
rnational co-operation on all questions concerning standardization in the electrical and electronic fig

lication(s)”). Their preparation is entrusted to technical committees; any IEC Natiopal Committee int
he subject dealt with may participate in this preparatory work. Internatignal; governmental an
lernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

the International Organization for Standardization (ISO) in accordance ‘with conditions determi
bement between the two organizations.

formal decisions or agreements of IEC on technical matters expressy 'as nearly as possible, an interr
sensus of opinion on the relevant subjects since each technicalkcommittee has representation f
rested IEC National Committees.

Publications have the form of recommendations for intemational use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are{made to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
sparently to the maximum extent possible intheir national and regional publications. Any dive
ween any |IEC Publication and the corresponding-hational or regional publication shall be clearly indid
latter.

provides no marking procedure to indicate its approval and cannot be rendered responsible f{
ipment declared to be in conformity with an IEC Publication.

Lsers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or_it§ directors, employees, servants or agents including individual expe|
mbers of its technical committees and IEC National Committees for any personal injury, property dan
br damage of any nature ,whdtsoever, whether direct or indirect, or for costs (including legal feqg
enses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
lications.

ntion is drawn tosthe-Normative references cited in this publication. Use of the referenced publica
spensable for the cefrect application of this publication.

ntion is drawn to the possibility that some of the elements of this IEC Publication may be the sul
bnt rights. JEC shall not be held responsible for identifying any or all such patent rights.

cal-.committee may propose the publication of a technical report when it has col

prising
romote
Ids. To
ations,

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftertreferred to ap “IEC

brested
d non-
closely
hed by

ational
om all

ational
of IEC
or any

cations
rgence
ated in

or any
rts and
age or

s) and
er IEC

jons is

ject of

ver, a
ected

f a‘different kind from that which is normally published as an International Standa

rd, for

example "state of the art".

IEC 62471-2, which is a technical report, has been prepared by Technical Committee 76:
Optical radiation safety and laser equipment

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
76/396/DTR 76/410/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 62471 series, published under the general title Photobiological
safety of lamps and lamp systems, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,
* withdrawn,

* re
* an

blaced by a revised edition, or
hended.

IMPO
that i
of its

RTANT — The “colour inside” logo on the cover page of this publication indi
contains colours which are considered to be useful for the correct understa
contents. Users should therefore print this publication using a colour printer

cates
nding
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INTRODUCTION

Optical radiation hazards from all types of lamps or other broadband light sources are
assessed by the application of IEC 62471:2006 (Edition 1), Photobiological safety of lamps
and lamp systems. IEC 62471 covers LEDs as well as incandescent, low and high pressure
gas-discharge, arc and other lamps. It also covers electrically-powered optical radiation
sources that are not lamps. The standard provides a risk group classification system for all
lamps and lamp systems, and the measurement conditions are well developed. IEC 62471
does not include manufacturing or user safety requirements that may be required as a result
of a lamp or lamp system being assigned to a particular risk group. The safety requirements
for lamp systems necessarily vary and are best dealt with in vertical standards. This Part 2
provi i i i ifrcation and
examples thereof. The assigned risk group of a product may be used to assist~with risk
assesisments, e.g. for occupational exposure in workplaces. National requirements fnay exist
for th¢ assessment of products or occupational exposure.

NOTE [1 There are some instances where the IEC 60825 laser product standards may‘be useful for a| nearly
“point” source, as in an LED fibre source or a superluminescent diode (see 3.16).

NOTE 2 IEC 62471 is currently being revised and will be published as IEC 62471-1«
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PHOTOBIOLOGICAL SAFETY OF LAMPS AND LAMP SYSTEMS -

Part 2: Guidance on manufacturing requirements
relating to non-laser optical radiation safety

1 Scope

This technical report provides the basis for optical radiation safety requirements of non-laser
products, serving as a guide for development of safety requirements in vertical product

d d isti | t fact in-the int tati f fotyv inf i
standards—and-assis ing-lamp-system manufacturersin e-interpretationof safety infor nation

provided by the lamp manufacturers.

This report provides guidance on:

e refijuirements for optical radiation safety assessment;
e allocation of safety measures;

e labelling of products.

This technical report does not address safety requirements of,intentional exposure to gptical
radiatjon from sun tanning equipment, ophthalmic instruments or other medical/cogmetic
devicés whose specific safety issues are addressed through-appropriate standards.

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docyment.
For dated references, only the edition cited applies. For undated references, the latest gdition
of the|referenced document (including any.amendments) applies.

IEC 6R471, Photobiological safety of lamps and lamp systems
IEC 6D825 (all parts), Safety of.Jaser products
IEC 6P050-845, International Electrotechnical Vocabulary — Chapter 845: Lighting

IEC 6D417, Graphical symbols for use on equipment

3 Terms and definitions

For the<{purposes of this document, the terms and definitions of IEC 62471 and the following

additionalterms-and-definitions—apphy
Re—+8HRS—aRe—ae8HHHORS3PPH~

31

controlled access location

location where an engineering and/or administrative control measure is established to restrict
access except to authorised personnel with appropriate safety training

3.2

exposure hazard value
EHV

value defined as follows:

Exposure level (distance, exposure time)
Exposure limit value

EHYV (distance, exposure time) =
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The EHV is greater than 1 when the exposure level (3.3) exceeds the exposure limit value

(3.4)

3.3

exposure level

EL

level of exposure from a source at a location in space for a stated duration

3.4

exposure limit value

ELV
maxi
in ad

erse biological effects. These ELVs are used to determine hazard distances in;tg

to for¢seeable photobiological effects

3.5
hazar
HD
distan

3.6
inten
delibdg
sourc

3.7

inten
usage
inforn

3.8

lamp
electr
and 3

3.9

d distance

ce from the source at which the EL equals the appropriate exposure limit value (EL

Hed viewing
rate act of an individual to either look at a source of optical radiation or at a
b, such as a reflection

Hed use
of a product, process or service in accordance with specifications, instruction
ation provided by the manufacturer or.supplier

cally powered device emitting optical radiation in the wavelength range between 2
000 nm, with the exception of laser radiation

lamp |[system

electr
incor
be us

NOTE

NOTE

cally operated-‘\product incorporating a lamp or lamps, including fixtures
orated electricalor electronic components, generally as intended by the manufactu
bd (for illumination purposes - luminaire)

Lamp-systems may include diffusers, enclosures and/or beam modifying optics.

P . For the purpose of this technical report, a lamp system may incorporate a lamp that does not serveg

result
spect

V)

irtual

5 and

DO nm

and
rer to

as the

primary

3.10

filnction of the product e g an indicator lamp or an mination lamp inside a refrigerator

modifying optics
optical components, such as filters, lenses and reflectors, which change the characteristics of
the optical radiation from a lamp when incorporated into a lamp system

3.11

non-laser optical radiation
incoherent optical radiation generated by a process other than stimulated emission
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3.12

restricted access location

location which is normally inaccessible by the general public, including workers, visitors and
residents in the immediate vicinity, by means of engineering or administrative control
measures but is accessible to authorised personnel that may not have specific safety training

3.13

small source

source or apparent source with an angular subtense smaller than the angle of acceptance y
that should be applied according to a risk assessment or classification.

NOTE [fismmay resuttimthespatiatty averaged Tadiance (35 ofaSourceorapparent—source bemyaveraged
over a |arger area than would be applied for the source radiance (3.14).

3.14
sourde radiance
radiance of the emitting element of the source (see IEV 845-01-34). Howeyer, the appljcable
acceptance angle should not be smaller than 1,7 mrad

Symbpl: L
NOTE [t is defined to differentiate from spatially averaged radiance (3.15).

3.15
spatially averaged radiance
radiance spatially averaged over a given angle of ageeptance to account for physiolpgical
factors such as eye-movements (sometimes referrédvto as “physiological radiance”). The
spatidlly average radiance may be lower than the source radiance (see 3.14)

Symbpl: L

3.16
superluminescent diode
edge-emitting semiconductor light source based on superluminescence. It combines th¢ high
powel and brightness of laser diodes with the low coherence of conventional light-emitting
diodes. Its emission band is 20. amto 100 nm wide

sa

3.17
unintentional viewing
condifion when eye exposure to optical radiation is not intended

3.18
unintentional skin exposure
condifion when skin exposure to optical radiation is not intended

3.19
viewer-related risk

risk for intended or unintended viewers of a source under application-specific realistic
conditions

NOTE In order to be independent of the use condition, the risk group classification of lamps and lamp systems is
based on worst case assumptions of exposure duration, pupil size and viewing distance. However, the emission of
lamps is often divergent and when a lamp is integrated into a product, depending on product design and its
application, these assessment conditions may become inappropriate. In this case, the product may be assessed at
the minimum distance and maximum exposure duration representative for the application-specific conditions of
foreseeable access.
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4 Risk groups applied for optical radiation safety assessments

4.1 Basis for optical radiation safety classification

IEC 62471 provides the method to determine the risk group of any lamp or any product
incorporating a lamp. The risk groups in IEC 62471 indicate the degree of risk from potential
optical radiation hazards and minimise the need for further measurements. The risk groups
were developed based upon decades of lamp use experience and the analysis of accidental
injuries related to optical radiation emission (where injuries were, generally, quite rare except
from ultraviolet-emitting lamps or arc lamps). There are four basic risk groups:

lamps and fluorescent lamps used in domestic applications;

e Ripk Group 1 (RG 1) products are safe for most use applications, except forl very
prplonged exposures where direct ocular exposures may be expected. An ‘examplé of a
Risk Group 1 product is a domestic battery operated torch (flashlight);

e Ripk Group 2 (RG 2) products generally do not pose a realistic optical hazard if aversion
responses limit the exposure duration or where lengthy exposures)are unrealistic;

e Rigk Group 3 (RG 3) products pose a potential hazard even for momentary exposures, and
system safety requirements are generally essential.

IEC 6R471 does not provide manufacturing requirements and control measures. These issues
shoulfl be addressed in application-specific vertical standards (see 4.3.3). However, in|order
to prgvide a consistent approach across products, the\(non-normative) labelling requirements
are oytlined in this technical report (see 5.4).

4.2 |Assessment criteria

The standard measurement conditions consider the emission spectrum and, depending ¢n the
type of hazard, either irradiance or spafially averaged radiance to determine risk to the eye
and/of the skin. The measurement _conditions are related to potentially hazardous viewing
condifions and take into consideration physiological factors of the eye, sudgh as
accommodation, pupil size, the aversion responses and eye movements (saccades).

IEC 6pR471 distinguishes between lamps intended for general lighting service (GLS) and |[amps
intended for use in otheriapplications such as for germicidal use, heating, signalling| data
transfer or others. Assessment and measurement conditions are different for thesg two

groupp:

v

e GILS - the-hazard values should be quoted as irradiance or spatially averaged radiance
values at\a-distance which produces an illuminance of 500 lux;

e other applications — the hazard values should be determined at a distance of 200 mm from
the source.

Different application groups define a range of operational, maintenance and servicing
conditions. If the assessment applied to different application groups in a vertical standard
justifies it, the measurement conditions in IEC 62471 can be modified for specific application
groups.

4.3 Application-related issues
4.3.1 Near-infrared sources

The limits set for the infrared (IR) spectral region were originally intended for applications of
large IR-radiators with a significant amount of IR-A and IR-B radiation. The limits protect the
cornea or lens of the eye against long-term thermal effects (e.g. cataract). Thus, the limits
should be applied where the application is likely to result in chronic and lengthy exposures of
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the eye for periods greater than 1 000 s and the daily averaged irradiance is expected to be at
least 100 W-m2. The primary objective is to minimise heating of the lens and cornea.

4.3.2 “Point sources”

There may be a small number of applications where an incoherent optical radiation source
appears as a nearly monochromatic “point” source and should be considered within a laser
safety standard framework. Generally, this will only apply to: superluminescent diodes (SLDs)
(see 3.16), which resemble “point sources”; and LEDs which are employed in optical fibre
communications, where the fibre source also resembles a very small, or “point” source. The
user is referred to IEC 60825-1 for SLDs and to IEC 60825-2 for optical fibre communication
systems:

4.3.3 Application-related vertical standards
The requirements in vertical standards may:

— limit the source risk group that can be used in a given application;
— refuire specific performance features based upon the risk group specifications; or
— specify application-specific control measures.

Basic| guidance, based on the likelihood of direct source viéwing, is provided in Clause 6.
Vertidal standards should be guided by the principle that it is not necessary to reduce qptical
radiatjon exposure to as low as reasonably achievable, However, as a general guideline,
needlgess emissions that would produce unnecessary<{iuman exposure should be minimised.
The hjerarchy of applicable safety measures should fellow the internationally accepted priority
rankirlg of manufacturer safety measures. That is,engineering controls (e.g., filters, shidlding,
etc) gre the highest priority, followed by administrative measures (such as warnings and
labelg, see 5.4) and then personal protective~equipment as the last resort. Details sholld be
provided in application-specific vertical standards.

A4

5 GQGuidelines for lamp and lamp system manufacturers on how to apply IE(
6R471

5.1 Limit values
51.1 General

It shopuld be noted that' the risk group classification system of IEC 62471 is primarily applied to
lampg. However; in' terms of product safety, the lamp system manufacturer has responsibility
for agsessingcthe final lamp system product. Because of different technical tasks and reeds,
manufacturers—of lamp systems or luminaires might have limited capabilities for tests and
measyrements and they commonly rely on the lamp/LED data provided by the lamp/LED
manufacturer. Therefore, guidance is provided on how and when lamp system manufacturers
may rely on data provided by the famp manuiacturer.

There are many types of lamps for which the intended applications are known. For instance,
for conventional light sources, the modifications of the safety-related optical features of the
incorporated lamp by the lamp system manufacturer are generally not significant. In most
cases there is a single conventional lamp type (light bulb) used for a luminaire and the lamp
system manufacturer only adds a fixture and a power supply. In these cases, the lamp data
are usually directly transferable to the lamp system. The assessment and risk group
classification of the lamp can be used by the lamp system manufacturer for classification of
the lamp system. However, other types of lamps may need detailed consideration.

The limit values of the safety standard are provided in two different quantities, which require
separate consideration.
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5.1.2 Limits provided in irradiance/radiant exposure

In the spectral ranges 200 nm to 400 nm and 1 400 nm to 3 000 nm where the emission limits
in IEC 62471 are provided in irradiance or radiant exposure, the measurements of a single
lamp can not simply be transferred directly to a lamp system but require an analysis of the
optical additivity to determine the system risk group.

When a lamp is employed with additional integrated or attached modifying or projection
optics, this lamp system should be considered as a different product and the lamp system
manufacturer should provide the new risk group safety classification.

NOTE Aclclits | L i il aif i i ~H £ Li I i H F 4 I re the
= Additionat-opties—primariy-rredify-the—irradianee-of-a—souree—{he—may-have-a-significantimpact-wh

classifipation is based on irradiance or radiant exposure-criteria), whereas the radiance may remain unchanged

(i.e. legs impact where the classification is based on radiance-criteria).

5.1.3 Limits provided in (time integrated) radiance

In cages where the emission limits in IEC 62471 are provided in terms of/spatially averaged
radiance or time-integrated spatially averaged radiance, the principle) \6f conservation of
radiarice may be used with caution. That is, if a lamp or single LED emits below the ragiance
level ppecified (per risk group), the final lamp system or LED-array.also can not excegd the
accesfsible emission limits. IEC 62471 requires measurements of spatially averaged radiance
(3.15) values with the consequence that the relationship between the field of view arnd the
source area, as it was used for the characterisation of a single“’component, may be changed
by the integration of the single lamp or LED into luminaries~(arrays) or with the attachmgent of
beam{shaping optics.

Under specific conditions (see 5.2.2), the assessment of a single lamp/LED is djrectly
transferable to the lamp system or luminaire. The.risk group will remain the same, or may be
reducged (e.g., by filters, etc.).

NOTE | Since additional optics primarily modify (increase) the irradiance of a source rather than the radiapce, an
evaluafion should verify that the most restrictive.€lassification criterion of the lamp system has not been changed
(from radiance to irradiance criterion).

5.2 |Guidelines for lamp/LED manufacturers
5.21 General

The primary purpose ofllamp risk-group classification by the lamp or LED manufacturef is to
inform the user or /Afinal-product manufacturer of potential hazards that may need [to be
addregsed in the safety design of the final product. Therefore, when a lamp is placed i Risk
Groups 1, 2 or-3yit is important for the user to be informed of which potential hazards may
requine controls™ If the manufacturer provides the EHV or HD for the lamp (see 5.3.4), the
determinatien.of appropriate controls can be simplified.

5.2.2 Measurement conditions

In the range 200 nm to 400 nm or 1 400 nm to 3 000 nm where the limits in IEC 62471 are
provided in irradiance or radiant exposure, the measurements should be performed according
to IEC 62471.

In cases where the limits in IEC 62471 are provided in spatially averaged radiance or time-
integrated radiance, the source radiance (according to 3.14) data should be determined
(LEDs: operating under maximum operating conditions, such as maximum current) according
to IEC 62471. The angle of acceptance should be 1,7 mrad in any case.

NOTE These values should be compared with the risk group-specific limit values (rather than apply different
angles of acceptance). Under these conditions it can be assured that the risk group allocation of the component in
any case is directly transferable and useful to the characterisation of the final lamp system.
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If the use of the product is known and unambiguous, the application-specific requirements
(i.e. vertical standards) should be applied, where these exist, or subclauses 4.2 and 4.3
should be applied.

In case of multi-purpose lamps or if application-specific requirements (i.e. vertical standards)
do not exist, the measurement of single lamps and components should be performed at a
distance of 200 mm and the risk group and values should appear in the user information.

The assessment and risk group classification should be based on these values.

5.2.3 User information

The user information should include the risk group classification of the lamp that can bg used
for risk group classification of a lamp system.

Information on risk group classification should be given for the intended 'use. Information
shoul@ be provided if application-specific conditions or requirements (as\pointed out |n 4.2
and 4.3 or as required by vertical standards) were applied. It should be noted that re-
classification may be necessary if the lamp is used in other applications:

In thel range 200 nm to 400 nm or 1 400 nm to 3 000 nm wherelthe classification is based on
irradignce or radiant exposure, it should be noted that the assessment of a single lamjp can
not be automatically transferred to the final lamp system.-However, if the integration pf the
lamp |nto a lamp system does not change the accessible’ emission characteristics of the[lamp,
the rigsk group classification of the lamp system remains the same as the risk group pf the
lamp.

5.3 |Guidelines for lamp system/luminaire manufacturers
5.3.1 General

The lamp risk group classification indicates necessary safety measures to reduce thg risk
group| required for the application :a@s) specified in vertical standards. If the risk group pf the
lamp s below the maximum appropriate for the application (see Table 3), the manufagcturer
shoul@l assure that the risk group-is directly transferable to the lamp system.

Lamp|manufacturers produce some lamp types solely intended for specific applicationg (4.2
and 4{3, or as required by vertical standards) and these products should be classified by the
lamp |manufacturer only under the application-specific conditions, if they exist. If [these
sources are modified or marketed for use for other purposes, the lamp system manufacturer
should perform<he re-assessment and assign the appropriate risk group.

5.3.2 Sources for general lighting service (GLS)

IEC 624%1-states—th sed-forG

(]
i
I
(]

I

e ye-hazard-valdes—sheodlld be
reported as irradiance or spatially averaged radiance values at a distance which produces an
illuminance of 500 lux. Only lamps and lamp systems which are classified as Exempt Group
with respect to the skin hazard when assessed at the location of the 500 lux illuminance level,
should normally be used for GLS applications. In addition, if the application requires skin
access to the optical radiation from the source where the illuminance is likely to exceed
500 lux for periods of exposure longer than 1 h, the user should be warned that an exposure
assessment may be required.

|
=

NOTE The above is intended to ensure that applications are considered where, for example, the UV emission
limits may be exceeded. This may be of concern for some lamps where the emission limits are not exceeded at 500
lux, but may be exceeded at a higher illuminance level where the hands, for example, may be located during fine
detail task illumination, or where the head is closer to the source than the surface illuminated at 500 lux.

The required illuminance measurement of the GLS lamp systems takes into account
contributions from all the elements of the lamp system. In contrast to the radiance
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measurement for risk group determination, the acceptance angle for the illuminance
measurement of GLS sources is not limited. When multiple lamps or modifying optics are
applied to a GLS product, the ultraviolet and infrared emission of the product in many cases
may be reduced; thus, the corresponding risk is reduced. Furthermore, if lenses or arrays
increase the 500 lux distance, the angular subtense of the component sources decrease (and
the spatially averaged radiance decreases), so that the risk remains essentially the same.

In cases where the classification by the lamp manufacturer is based on radiance or time-
integrated radiance and where irradiance-dependant hazards can be neglected (LEDs or by
the use of appropriate filters), the GLS-classification of the lamp can directly be transferred to
the lamp system/luminaire.

5.3.3 Multi-purpose lamps

The fpllowing general approach should be followed in the course of risk group.determination
of lamp systems. In cases where the risk classification of the lamp is based-on the| most
restrig¢tive radiance or time-integrated radiance criteria, these values remainiunchanged pr are
decrepsed by integration of the lamp into a system or by adding optical elements.|Such
measyres or elements, in contrast, may change the irradiance or radignt’exposure profluced
by a $ource and should be considered in cases where the risk grouping of the incorpgrated
lamp [is based on those criteria. However, the possible variation of the most restfictive
classification criterion, i.e. from radiance to irradiance, should) be considered in cgse of
radiance-based classification of the incorporated lamp.

5.3.4 Determination of the hazard distance

In order to be independent of the use condition, the risk group classification of lamps and
lamp |systems is based on worst case assumptions of exposure duration, pupil siz¢ and
viewing distance. However, the emission of lamps is often divergent and the viewer-rg¢lated
risk af a reasonable distance may not be adequately reflected by the risk classification pf the
equipment, i.e. the real risk is lower.

The elxposure hazard values (EHV), i;e\the excess over the applicable exposure limits]| have
significant practical relevance (se€.3.2). This concept can be helpful when considlering
appropriate control measures: tolimit either the exposure duration or the accessibility of a
source as applicable.

The EHV may be graphically presented as distance-dependent values: with incrgasing
distarice from a lamp orlamp system the applicable hazard values decrease - see Figurg 1. At
the diptance X;, EHV 51, i.e. the EHV equals the applicable emission limit value. Distance X;

is the|hazard distance (HD) for this lamp system. At distance X5, the optical radiation hazard

value|exceeds.the applicable emission limit value by a factor of A. At this distance, excg
expogure to gptical radiation may be reduced either by restricting exposure time by a faqg
A (if the emission Iimit values are expressed in terms of radiant _exposure or time interated
radiar
emis = s (such as eyewear clc . ch would linnit the
potentlal exposure to the emltted energy
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Optical hazard value exceeds applicable ELV by
factor of A: reduce exposure duration by factor of
A or attenuate emission by factor of A

AN
N

100

[Optical hazard value = ELV

>

T

w /

1 \
Distance Xp: EHV = A [Distance X1 EHV = 1]
0’1 v l
X5 X4
Distance 1EC 1578/09

Figure 1 — Example of graphic presentation of distant dependent
emission hazard values

Simildr to the risk group allocation of the lamp or lamp system{,these hazard distance yalues
can also be categorized in order to determine the effective.viewer-related risk (3.19) [under
realisfic use conditions. For instance, with increasingdistance from a Risk Group 3|lamp
systein (as categorised at a measurement distance of 200 mm) the risk for the vyiewer
stepwise decreases from Risk Group 2 (e.g. at X, in"Eigure 1) to Risk Group 1 and to Exempt

(e.g. at X, in Figure 1), at the distances where the irradiance, or from where the measured
radiance, falls below the applicable risk-group-specific emission limit.

Thereffore, in addition to assigning a lamp system to a risk group, the lamp system
manufacturer should also provide such(data. Where the lamp system is assigned to ja risk
group| above Exempt, the manufacturer‘should, at least, provide the hazard distance (HD) for
all risk groups below the assigned.one. These risk group-related hazard distances can be
used for the determination of applicable safety measures, see Table 3.

NOTE | The above example and Figure 1 apply to one limit (“hazard”) and to a specific exposure duration. [Similar
data are needed for all relevant|limits (“hazards”) as well as for different exposure durations.

5.4 |Labelling

Usually, primary_engineering control measures need to be used by the manufacturer to|make
the pfoduct “safe” by design”. Specific details depend upon the application and shodld be
specified in ‘application-specific vertical standards. To provide a common approach gcross
applidations, this technical report specifies the labelling requirements as a main part pf the
secondary. (administrative) control measures. Lamp systems should be marked bl the

The following guidance is given for products not covered by existing application-specific
vertical standards. Except for an Exempt Risk Group and a Risk Group 1 lamp system
emitting only in the wavelength range 400 nm to 780 nm, the risk group should be marked on
the product. If the size or design of the product makes labelling impractical, the label should
be included in the packaging and included in the user manual. Warning symbols should be in
accordance with IEC 60417-1.

Labels on the housing should be permanently fixed, legible, and clearly visible during
maintenance and service. They should be positioned so that they can be read without the
necessity for human exposure to optical radiation in excess of the applicable ELVs. Text and
borders should be black on a yellow background. The label size should be adapted to the size
of the product. Reproductions of all required labels should be included in the user manual.
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Table 1 — Hazard-related risk group labelling of lamp systems

Hazard Exempt Risk Risk Group 1 Risk Group 2 Risk Group 3
Group
Ultraviolet hazard Not required NOTICE CAUTION WARNING

200 nm to 400 nm

UV emitted from
this product

UV emitted from
this product.

UV emitted from this
product.

Retinal blue light
hazard

300 nm to 400 nm

Not required

Not required

CAUTION

Possibly
hazardous optical
radiation emitted

WARNING

Possibly hazardous
optical radiation
emitted from this

£ dlos. <l 4
TomtS—pProauct

ol 4
PTroauct

Retinal|lblue light or
therma| hazard

400 nm to 780 nm

Not required

Not required

CAUTION

Possibly

hazardous optical
radiation emitted
from this product

WARNING

Possibly hazardous
optical radjation
emitted from this
product

Corned/lens infrared
hazard

780 nnf to 3 000 nm

Not required

NOTICE

IR emitted from
this product

CAUTION

IR emitted from
this product

WARNING

IR emitted from this
product.

Retinallthermal
hazard| weak visual
stimulus

780 nmf to 1 400 nm

Not required

WARNING

IR emitted from
this product

WARNING

IR emitted\from
this preduct.

WARNING

IR emitted from this
product.

5.5 |Other information provisions

For Igmps and lamp systems in excess of the Exempt Risk Group the following inforn

shoul@ be provided in the user information:

a) a glear statement that the lamp or lamp system is in excess of the Exempt Group an
the viewer-related risk is dependent upon how the users install and use the product;

b) the most restrictive opticalkradiation hazard and other optical radiation hazards in e
of[Exempt Group (see Table 1);

c) exposure hazard values (EHVs) and the hazard distances with optional gra

presentation of distant-dependent EHV;

d) Hazard distances(HD) for all relevant viewer-related risk groups below the assigne

(fqr relevance 'see Tables 1 and 2);

e) adequate \instructions for proper assembly, installation, maintenance and safe

nation

d that

XCESS

phical

d one

use,

in¢luding.Clear warnings concerning precautions to avoid possible exposure to hazgrdous
ofdtical radiation;

eable

malpractices, malfunctions and hazardous failure modes. Where maintenance procedures

are detailed, they should, wherever possible,

procedures to be followed;

include explicit

instructions on

safe

g) reproduction of the labelling required in 5.4 and an explanation of its meaning shown in

Table 2; and

h) information on what type of user controls may be considered.

NOTE The information required may be subject to national legislation.
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Table 2 — Explanation of labelling information and guidance on control measures

Hazard

Exempt Risk
Group

Risk Group 1

Risk Group 2

Risk Group 3

Ultraviolet hazard

200 nm to 400 nm

Not required

Minimise exposure
to eyes or skin.
Use appropriate
shielding.

Eye or skin irritation
may result from
exposure. Use

appropriate shielding.

Avoid eye and skin
exposure to
unshielded product.

Retinal blue light
hazard

300 nm to 400 nm

Not required

Not required

Do not stare at
operating lamp. May
be harmful to the
eyes.

Do not look at
operating lamp. Eye
injury may result.

Retinalfblue light or
therma| hazard

400 nm to 780 nm

Not required

Not required

Do not stare at
operating lamp. May
be harmful to the
eyes.

Do not look at
operating lamp_kEye
injury may_result

Corned/lens
infrared hazard

780 nm to 3 000 nm

Not required

Use appropriate
shielding or eye
protection.

Avoid eye exposure.
Use appropriate
shielding or eye
protection.

Avoid,eye exposfrre.
Use appropriate
shielding or eye
protection.

Retinallthermal
hazard| weak visual
stimulus

780 nm to 1400 nm

Not required

Do not stare at
operating lamp.

Do not stare at
operating lamps

Do not look at
operating lamp.

When[a lamp or lamp system emits optical radiation in-more than one hazard spectral r

the 14
radiat
warni
Groug
legen
show
explic

mp or lamp system should be classified for(the’ most restrictive case. If the ¢
on in any spectral region exceeds the limits for the Exempt Risk Group, appro
ngs should be included on the product label.>For example, for a lamp assigned tdg
3 on the basis of a retinal IR hazard and,emitting UV to the level of Risk Group
j of the label should indicate Risk Group 3, with the appropriate ‘Warning’ tex
the ‘Caution’ text for Risk Group 2%for the UV, but should not mention Risk Gr
itly, as illustrated in Figure 2.

bgion,
ptical
priate
Risk
2, the
; and
bup 2

RISK GROUP 3

WARNING IR emitted from this product. Do not look at operating lamp

CAUTION UV.‘'emitted from this product. Eye or skin irritation may result from
exposure. Use appropriate shielding.

Fig

IEC 1579/

ire 2 — Example of warning label for a lamp with multiple hazard spectral regi

pns

6 Allocation of safety measures

6.1

General

The manufacturer of the lamp or lamp system should perform a risk analysis to determine
necessary safety measures and residual risks for the user, necessary warnings and proposed
user safety precautions. The risk group classification assists the manufacturer in the design of
engineering controls to achieve an acceptable level of safety of the lamps and lamp systems.
The type of product and its intended use determines an acceptable level of emission,
foreseeable exposure duration and foreseeable accessible distances.

Exposure to optical radiation should be reduced by controlling unwanted radiation at the
source, e.g. by spectral filtering or by enclosures. Undesired hazardous UV and IR radiation
should be avoided where possible, or attenuated by appropriate filters.
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NOTE Selective control of unintentional spectral components in the visible spectral range could be more
challenging because spectral filtering may cause change to essential colour or intensity of the lamp system.

The manufacturer should provide the user with safety information and should describe the
types of user controls that can be considered. Depending on product application, the required
control measures may include restricted and controlled access areas.

Examples of interior restricted access areas are:

e equipment cabinets in locked/dedicated rooms,

e locations occupied by service/maintenance personnel, and

e arfas requiring equipment such as specilalist access IOWers (e.g., street lighting, sthdium
lighting, etc.).

Allocdtion of restricted access areas is product-specific and should be addressed/by product
vertical standards.

Examples of controlled access areas include locked rooms with strictly-controlled agcess,
fencefl/secure areas, and interior areas of equipment requiring specialised tools or keys for
accesls. Specification of controlled access areas is product-specific 'and should be addrgssed
by pr@duct vertical standards.

In genmeral, the requirements for training, restricting access«to a hazard zone, and requiring
persopal protective equipment can only be considered for professional use products| used
under| work place conditions and if other controls are inadequate or impractical. The saflety of
specific product types should be addressed in corresponding vertical standards.

6.2 |Maximum acceptable viewer-related risk

Allocdtion of a lamp into a particular risk group is based on the assessment of lamp emjssion
at a distance of 200 mm and the applicable risk group exposure duration. However, when a
lamp |is integrated into a product, depending on product design and its application, [these
assesisment conditions may become@) non-representative. In this case, the product may be
assesised at the minimum distance and maximum exposure duration representative for the
appligation-specific conditions-of-foreseeable access (viewer-related risk).

The dpplications can be divided into three groups, according to the likelihood of intra{beam
viewing of the source:

e Unintentional short term (automotive, spot, flash, projection);

e Infermittent;<occasional (or possible) short-term (many toys, where the normal attention
splan of @achild is short, laboratory equipment, home, signalling);

¢ Infentional (or likely) long-term (displays).

When a product is assessed under application-specific conditions, this viewer-related risk
group classification may differ from the risk group of the lamp incorporated into the product.
Table 3 provides guidance on the maximum permissible risk group of products accessible
under application-specific conditions.

Thus, if a Risk Group 3 lamp is incorporated into a display (intentional long-term exposure), it
is only acceptable if the viewer-related risk group of the display is Exempt.

If a Risk Group 3 lamp is incorporated into signalling equipment (intentional short-term
exposure), it is only acceptable if the viewer-related Risk Group of the signalling equipment is
maximum Risk Group 1 — foreseeable exposure is controlled by access distance and/or
maximum exposure time.
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If a Risk Group 3 lamp is incorporated into car headlights (unintentional short-term exposure),
it is only acceptable if the viewer-related risk group of the headlights is a maximum of Risk

Group 2 — foreseeable exposure is controlled by minimum access distance.

Table 3 — Maximum acceptable risk group of products assessed for viewer-related risk
under application specific conditions

Risk group of the lamp
system

Risk group assessed under application specific conditions — viewer-related risk

Unintentional short term

Intentional short-term

Intentional (or likely)
long-term

Exempt Group

Exempt Risk Group

Exempt Risk Group

Exempt Risk Group

Risk Group 1 Risk Group 1 Risk Group 1 Exempt Risk Gjoup —
exposure-limited by
access-distance or by
conirolled accelss

Risk Group 2 Risk Group 2 Risk Group 1 — exposure limited by | Exempt Risk Gfoup —

access distance or/and exposure exposure limited by
duration or product used in access distance or by
restricted location controlled accefss

Risk Group 3 Risk Group 2 — exposure Risk Group 1 — exposure limited"by | Exempt Risk Gfoup —

limited by access
distance or product used
in restricted location

access distance or/and exposure
duration or product used in
restricted location

exposure limited by
access distance or by
controlled accefss

Table|3 is for guidance. Application-related vertical standards may provide more details jof the
required assessment and specify safety control measures which may need to be considefred.

Class|fication under application specific conditions is applicable only for the intended dise of
the product. The safety measures for servicing and maintenance personnel should be pbased
on the risk group of the incorporated lamp and should not depend on the application pf the

lamp gystem.
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Annex A
(informative)

Radiance and ocular hazards from extended sources

General

For extended sources which emit optical radiation in the retinal hazard region of the spectrum
(400 nm to 1 400 nm), the concept of radiance is useful for describing sources and for
managing the radiometric calculations involved in demonstrating the presence — or absence —

of a rétinal hazard.

Befor

expodure situations for which radiance is unlikely to be helpful. Point sources ha

undef
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other
could
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only in assessment of visible and near infrared sources. Luminance is the photo

analo

luminance value as a guide to identifyingZlamp sources in the Exempt Risk Group.

A.2

An as
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from

angle
invari
detec
comp

b discussing the usefulness of radiance, it is worth identifying source|typeq

ned radiance, thus intrabeam viewing of lasers and any viewing of souUrces subtg
al angle of 1,7 mrad or less is better served by the measurementxand discuss
radiometric quantities such as irradiance at a defined distance. If;the source in qu
be observed by magnifying optics, the possibility that the sourge_subtense may ing
1,7 mrad and, thus, become an extended source should be considered. Howev
cases a holistic treatment of the hazard from the source(may still be better serv
uing with irradiance-type units to cover both point- and{extended-source treatm
me source.

es whose spectral output represents a hazard\outside the retinal hazard regio
served by radiance characterization. Irradiance or radiant exposure is usually of]
ith such sources. Conversion between measurement geometries is cumbersom
5 the potential for the introduction of errors: Thus, as a general rule, radiance is

gjue of radiance for visible light sources, and therefore IEC 62471 includes an

Geometry of radiance

sumed ‘geometry’ relating source to observer is used with radiance and its photo
jue, luminance. This.turns out to have very useful properties, both for hazard an
n photometry. Laominance is frequently used to describe the ‘brightness’ of en
es such as displays; for the same reasons, radiance can be used to define the h
emitting surfaces. Radiance is expressed in terms of power divided by area per

(W-m-2:6¢Y). One of the main consequences of radiance geometry, e.g. th
bnce with-distance from an extended source, is shown in Figure A.1. As the obser
or (moves further away from the extended source, inverse square losse
bnsated by an increase in the source area sampled.
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Figure A.1 — Invariance of radiance with distance from_an extended source

r arguments can be used to show that radiance is conserved (subject to losses (¢
btion), when refractive or reflective magnifying ,of)minifying optics are inter
en an extended source and an observer. In othetf words, although the magnify
ing optics may change the apparent visual angle’ of the source, they also chang
ent light power per unit area to compensate, thus radiance is only affected by abso
optics and exit pupil coupling issues.

Relationship between retinal thresholds and source parameters

erimental threshold determinations, retinal damage thresholds are usually measu
of irradiance at the retina,.ji.e.”in W-m-2. Comparing the properties of sources to

Hed sources, lead to) distance-dependent considerations. Re-expressing

olds in units of radiance means that treatment of the optics of the eye, plu
ening optics, in hazard evaluation is greatly simplified.

Limitations to the use of radiance in hazard evaluation

limitatitons on the use of radiance to characterise light sources have already
bned.in Clause A.1 above.

ue to
bosed
ng or
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rption
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je thresholds would invelve complicated irradiance transformations and, in the case of

etinal
5 any

been

Additionally, and of relevance to the lamp and lighting industry, measurement of radiance in
order to characterise a source can be difficult for certain encapsulated or enclosed sources.
The problem usually arises in defining the area of the source; the “m=2” component of the

units of radiance W-m-2-sr-!. Whilst measurement of radiant flux is usually straightforward and
definition of source solid angle presents only moderate challenges; measurement of source
area, or the area sampled by measuring instruments, can be extremely difficult. One possible
solution is to define both solid angle and area at a real or virtual image of the source in an
optical system, if one exists. Provided both solid angle and area are measured in the same

plane

, the validity of this follows from the “conservation of radiance” principle.

However,

those making the measurements must avoid falling into the trap of defining source area in one

plane

and solid angle in another.
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Non-uniform sources

Measurements of the radiance of sources where the local radiant emission varies (i.e. non-
uniform sources) should be integrated over the solid angles specified in IEC 62471. This
ensures that the measured radiance is compared correctly with experimental retinal damage
thresholds, taking into account eye movements and ocular aberrations.

A.6

Relationship between source radiance and spatially averaged radiance

The exposure limit values provided in radiance or time-integrated radiance respectively may

lead t

the rgdiance level specified (for a given risk group), the final luminaire can also npt-e

the a
manu

lamps) and to provide related risk group allocations.
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through the measurement aperture, the measurementsarea FOV, and the solid angle Q:

L (W-

O-thre—assumption trat by theprincipteof conservatiom of Tadtance, if = fampemits

ccessible emission limits. Therefore, in order to avoid repeated measurements,
acturers are requested to characterize the safety features of their devieces (

ly, the radiance L (W-m=2-sr1) is determined (see, for example, Figure A.
iring the radiant power P (W) passing through a defined measurement aperture s
hed measurement distance r. The diameter d of the aperture“defines the solid coll

FOV (m2)) corresponds to the acceptance angle y predetermined by the circula
n front of the detector. Usually, the source extends beyond the FOV, as shown in §
e. o > 7). The radiance of the source is calculated from the radiant power P p§

m-2-sr-1) = P [W]/ (Q (sr) X Arov (m?2))

elow
xceed

lamp
single

P) by
top at
bction

Q (sr) and the measurement area Aggy (herein defined as the area under the “field of

r field
Figure
ssing

The time integrated radiance is measured in the same way. However, the measurement fof the
opticdl power P is replaced by a measurément of the radiant energy Q.
NOTE Radiance L is by definition a differentially defined term:
_ day,
© dA-cos@-dQ
Therefgre, it should be noted.that the term FOV used above and the solid angle are already integrated maghpitudes
and thgt the above givenformula for the power is already an integrated value (see IEV 845-01-34).
Circular Circular
Angle of aperture stop field stop
acceptance
M Angular subtense Lens Active area
of the apparent source ﬂ of the detector

Apparent
source

Measuring distance r ‘ Image distance

IEC 1581/09

Figure A.2 — Usual measurement conditions for the determination of radiance
and time integrated radiance
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IEC 62471 requires the measurement of a spatially averaged radiance that takes into account
physical movements and imaging properties of the eye. Measurements carried out in this way
give a different result to conventional measurements of radiance, but the result is more
representative of the ocular hazard from the source. Measurement of spatially averaged
radiance requires a specified angle of acceptance ywhich depends strongly on the exposure
duration. Thus, the corresponding FOV of the measurement setup may be smaller than the
source (overfilled, see Figure A.3a), or larger than the source (under-filled, Figure A.3b),
depending on the individual source size and the applied exposure duration determined by the
risk group. This is very different from conventional radiance measurements, where the source
must always extend beyond the measurement area. Regardless of the real source size, the
radiance limits are related to the FOV-defined area.

r/ FoV —0

<«— Source

IEC 1582/09 IEC 1583/09

Figure A.3a — Source size larger than Figure A.3b-=~ Source size smaller than
the FOV (overfilled) the FOV (under-filled)

Figure A.3 — Source sizes

Consegrvation of radiance can be applied if.the extent of the single source with angular
subtepse « is larger than the applicable angle of acceptance (and the “true” source rad|ance,
see Fligure A.3a). If the source extent isssmaller than the FOV, a safety statement based on
the cqnservation of radiance is valid only as long as the relationship between the field of view
and the source area remains unchanged. This relationship is likely to be changed hy the
integrption of the single lamp or LED into luminaries (arrays) or with magnifying optics (see
Annex D).

NOTE P Conservation of radiance for sources subtending an angle larger than the FOV assumes that the|source
is unifdrm, i.e. the source radiance is constant across the source. If the source is non-uniform then the FOV|should
be scapned around the soukce to determine the worst case.

Specifically, in the‘case of devices assigned to the Exempt Risk Group and for the| most
restrigtive blueflight hazards, the angle of acceptance is maximum at 100 mrad. From the
worst|case assessment distance of 200 mm, the corresponding diameter of the avefaging
FOV ¢f 100, mrad amounts to 20 mm. The dimensions of LED-chips, single LEDs or common
lamp-filaments are usually smaller. Complying with the Exempt Risk Group limit value [using
the spatially-averaged radiance it means that the “true” radiance of the small component can
theoretically be higher by the factor: (¥ @)2. Therefore, this Exempt Risk Group limit value can
be exceeded, if a number of such components are combined in a lamp system, e.g. in high-
density LED-arrays.

Another case is the attachment of beam-shaping optics to the component. In this case, a
small apparent source is usually magnified or expanded (see Annex D) and may overfill the
FOV; whereas, the “true” source radiance remains, to a first approximation, unchanged and
high.

In general, an Exempt Risk Group source that is safe for 10 000 s exposure duration should
also be safe at shorter exposures or viewing durations, i.e. it should satisfy the Risk Group 1
and Risk Group 2 criteria. Thus, at least for components, it is not appropriate to adhere rigidly
to the classification requirements of the lamp safety standard.
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NOTE 3 The FOV is dependent on the risk group, which could mean that a component meets the requirements for
the Exempt Risk Group, but not the requirements for Risk Groups 1 and 2. In these situations, allocation to the
Exempt Risk Group may be justified.

The lamp or LED manufacturer should determine the “true” source radiance for comparison
with the limit values and classification, where a minimum angle of acceptance of 1,7 mrad
should be applied.

In cases of large sources, where the FOVs are always over-filled (Figure A.3a), the resulting
radiance values should be independent of the FOV.

In the case of small sources (Figure A.3b), the worst case scenario for a component is
transferable and useful for the classification of the final lamp system. However] this
assesisment might be over-restrictive for the final product/lamp system/luminaire andyifl such
cases| the manufacturer should consider assessing the product with different FOVs,

Figur¢ A.4 shows an example of a “pc-white” LED component, where the B(A1)-weighted
radianpce was measured with an imaging radiance-meter.

White high-power LED Yrov Measured Limit
1,00 [mrad] [[W:mZsr']| [W-m?Zsr']
— Blue light hazard 100 250 100
0,794 (Exempt
/“‘] Risk
g 0.54 k Group)
T 11 (Risk  [7,5x10° |1 x 10"
A Group 1)
0,291 r
1,7 (Risk 1,1 x10* |4 x 10°
Group 2)
0,0Q-

00 400 500 600 700 800

Wavelength (nm)

Yrov: 100 and 11 mrad 1,7 and 11 mrad

IEC 1584/09
Measurement with three applicable FOVs from a distance of 200 mm (i.e. future application unknown).

Source: W. Halbritter e.a. Proc. CIE Expert Symposium 2008 on Advances in Photometry and Colorimetry

Figure A.4 — B(A)-weighted radiance distribution of a state-of-the-art “pc-white” LED
component
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According to the risk group specifications, three angles of acceptance were applied to one
and the same device. The table in Figure A.4 shows the measured radiance values for each
Yrov, as well as the applicable limits.

As discussed above, if the device was assessed as a component for future integration into
complex systems and the angle of acceptance of 1,7 mrad was applied, it should be allocated

to Risk Group 2 since the limit for Risk Group 1 (1 x 104 W-m-2-sr-'1) is exceeded under this

condition. This presents a worst case classification on the very conservative side and the
lamp system manufacturer cannot increase this class in any case.

Howevxer _if this device was caonsidered as the final prndlm’r and if the risk group allocation
was [oo restrictive (since the final product possibly already incorporates some) safety
measures), a full analysis according to IEC 62471 should be performed. In this case;.th¢ final
product would be allocated to Risk Group 1, since when measured with the appropriate FOVs,
the B(4)-weighted radiance exceeds the Exempt Risk Group limits only.
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Annex B
(informative)

Determination of hazard distances

General

09(E)

Generally, in order to be independent of the use condition, the classification of optical sources
into risk groups is usually based on some worst case assumptions, e.g. for exposure duration,
pupil size and viewing distance. Thus, the required measurement distance in the lamp safety

standard is usually 200 mm, which corresponds to a reasonable minimum viewing distance for
humaps. However, the spatial emission of lamps is often divergent and the real hazard

intend

r the

ed or accidental viewer at a reasonable distance might not be appropriatelyreflecled by

the wprst case classification of the lamp. Therefore, the value of a minimum) safe viewing
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appropriate accessible exposure limit value (ELV). As the ELVs are provided for differe
groupp, the corresponding hazard distances can be determined for each’risk group as w
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Outsidle the retinal hazard wavelength range (400 nm to 1 400 nm) the ELV of the lamp
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cons:{eration. For the limits provided as irradiances (outside the retinal hazard regig

ce (HD) of a lamp system becomes important. In this context, the HD lis"defined
ce from the source at which the measured value of the source emission equa

to determine the risk for intended/accidental viewers. Thé<rough guidance fq
bpment of vertical application-related standards in Clause /6 is essentially based d
pt. Thus, it depends on the application (e.g. the likeliheod of direct source vie
viewer-related risk (respective HD) is acceptable in particular cases (see Table 3
cal report). The corresponding HD can be used for the allocation of appropriate
ires, for example, by prevention of access to shortér distances to the source.

e square relationship between the meaSured value and the source distance ¢
ed for first approximations. This is not-generally applicable to the retina limits th

hen measured from different distances.

Limits provided in irradiance

General relationships

hrd are proyided as irradiance (in W-m-2). For these irradiance limits, the fundan
e square {aw of radiometry may be used to determine a safe viewing distance. Ho\
only be(applied to divergent source in the far-field, where the size of the source is
hred to the assessment distance. As a "rule of thumb", the distance to the source 3
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and for different source dimensions are shown in Figure B.1
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"Inverse square law"
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Hihj \
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1x107 v ,
0,01 0,1 1 10 100 1x10
Distance/source ‘diameter
IEC 1585/0!
Key
X-axis relation between distances and soudrce diameter i.e. ~1/a.
Blue: general relationship between™L and E (for a wide range of source sizes and distances —
hence the large number of “blue lines”).
Red: “radiance conservation®(E is proportional to L).
Black: inverse square law (E is proportional to L/r2).
Magernta: corresponding fange of angular subtense under consideration.
Figune B.1 — Normalized correlation between radiance L and corresponding irradiance E
for varying values of source diameter and distance
As indlicated in Figure B.1 (arrow), the deviation between the rigorous relationship between L
and K (blue line) and the (simple) inverse square relation (black) is less than 1% [if the

relationship between source distance and source diameter (x-axis) is greater than 5. The
magenta line, which indicates the corresponding range of angular subtenses under
consideration (between ag,, and a,,,,) shows that for hazard assessments according to

IEC 62471, far-field-conditions generally apply. Thus, the fundamental inverse square law of
radiometry and photometry may be used to determine the hazard distance (HD).

In such cases, between the irradiance E, at a source distance ry and the irradiance E, at
source distance r,, the following relationship holds:

Eqry2 = Epry?

It means that if the spectrally weighted irradiance-ELV is exceeded by a value E, at the
measurement distance rq, the corresponding HD r, can be calculated as:
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E1 -f'2
ELV

Therefore, if ry = 200 mm:

HD = M,inm
V' ELV

The irradiance-ELV in the above equation can be calculated for each risk group.

B.2.2 Impact of beam-shaping optics
B.2.2)1 Lamps with projection systems

Generally, care should be taken when considering sources with beam-shaping opticg, see
Annex D. Although the general relationships in Figure B.1 remain valid,” in such casgs the
source may be magnified, see Figure B.2 (whereas, the irradiance.increases). That means
that the linear relationship between radiance L and irradiance E (red line) extends {o the
greater source distances and the far-field condition, where the~inverse square law applies,
starting from a greater source distance (sometimes called the #flash distance”).

This flash distance rs of projection systems can be estimated if the focal length of the reflector
or lens f, the diameter of the source D and the refleCtor (or lens) aperture diameter|a are
knowi:

rp= axfhD

In practice, the value of the aperture is norially 50 to 70% of the full reflector diameter.



https://iecnorm.com/api/?name=1848efeff232b77ef174b0178dbfe09f

62471

-2/TR © IEC:2009(E) - 29 -

At reld
the re
squarg
New VY

Figul

B.2.2

For th
times

IEC 1

tively close viewing distances the triangular shape of the arc.is visible, but at longer dis
lector optic is fully “flashed” (filled) and the beam irradiance drops in proportion to the i
of the distance. (Source: Sliney and Wolbarsht, Safety with Lasers and Other Optical So
ork, Plenum, 1980).

e B.2 — Direct intra-beam viewing of an ar¢'searchlight showing a magnificati
the actual arc

2 Plastic encapsulated LEDs with integrated optics

e more or less directional radiation of LEDs the flash distance may amount to up
the diameter of the source 'depending on the half intensity angle (6) of the s

emis

For ideal Lambertian cosine-distributed LED chips the "rule of thumb" also holds: the dis
to thg source should pevgreater than five times the dimension of the source. Howeve
factor|f on the source-dimension increases if the emission of the encapsulated LED is dif
by means of refleetaors or lenses depending on the half intensity angle (available from
sheetg). This gan"be calculated and Figure B.3 shows the range of factors on s
diamgter, D, depending on the half intensity angle of LEDs.
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B.2.3

Folloying IEC 62471, the exposure limit value (ELV) for the actinic UV hazard is 30 J-m
in irradiance, ELV(t) = 30/t W-m-2, where t is the exposure duration in seconds.

This |

Higure B.3 — Calculated flash distance of LEDs depenhding on the individual ha
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3 Flash distance of LED: factor on source diameter
1x10

100 \

Factor on D
B

10 \

1 ] ]
0 20 40 60

6

Half intensity angle (°) eC~Mro

factors on the source diameter D.

intensity angle @ of the spatial emission

ard measurement distance of 2004 mm.

Example: Graphical representation of the maximum allowable exposure
duration versus the minimum safety distance for the derivation of safety
measures

pwn in Figure B.3, for an ideal Lambertian source with 6 = 60° the factor f amounts to 5,
as for|the above mentioned “rule of thumb”.

ple: For 8= 5°, f 2 34; thus, for a source of diameter D = 10 mm the minimum distgnce r;
Where the inverse square law applies amounts to 340 mm, which is larger thgn the

flash distance is larger than‘the measurement distance, the hazard distance HD can be
calculated using the above eguation by replacing ry with r; of the applicable “flash distan

Ce”.

2, or

eads to the risk group-related irradiance limits (ELV in W-m-2):

Exempt Risk Group (t = 30 000 s): ELVg, = 0,001 W-m-2
Risk Group 1 (t =10 000 s): ELVgg1 = 0,003 W-m-2
Risk Group 2 (t = 1 000 s): ELVggy = 0,03 W-m-2

For UV hazard, spectral weighting with the S(A)- function is required. This weighting is usually
applied after a spectrally-resolved measurement. Inversely, it is also possible to calculate
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related source spectra-specific limit values by weighting the spectra with the action functions.
These values correspond to integrating, i.e. spectrally unresolved, measurements.

Consider an example source of a Planckian radiator with a colour-temperature of 5 800 K.
After weighting with the action function S(A), the source-specific applicable limit values for the

actinic UV-hazard changes from 30 J-m2 (effective) to 250 J-m-2 (unweighted). Therefore, for
this example:

Exempt Risk Group (t = 30 000 s): ELVEg, =0,008 W-m-2
Risk Group 1 (t =10 000 s): ELVRgq = 0,025 W-m-2
Risk Group 2 (t =1 000 s): ELVRgp = 0,25 W-m+2

For this example, the irradiance measurement within the correspondingxwavelength frange
200 nm to 400 nm at a distance ry = 200 mm resulted in Eq = 10 W-m-2(Risk Group 3).

The minimum safe viewing distance (HD) for this irradiance can pe calculated:

- |E1-004
ELV

which|leads to the following distances for each Risk.Group:

Exempt Risk Group: HDgy =7 m
Risk Group 1: HDRgq1 =4 m
Risk Group 2: HDRgo = 1,3 m

A sim|lar calculation can be performed more generally with the time-dependent ELV:

HD(t) = E,-0,04
\ ELV(t)

With this (ealculation, a simple graphical presentation of the maximum allowable exposure
duratipn/versus the HD is possible (Figure B.4):
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e HD are below the red line. As indicated in the figure,‘the appropriate safety parame
hlso be chosen risk group-specific.

Figure B.4 — Actinic UV-related safe use conditions for the example radiator

hpplicable HD depends on the viewer-related risk group, which depends o
ation of the lamp system (the likelihgod for direct source viewing). If, for exampl
system is used for signalling (occeasional viewing), then the maximum risk group f
ed viewer is Risk Group 1 (see Table 3). However, this classification depends upo
sers install and use the product. In any case, the conditions for the appropriat
have to be assured by .control measures (e.g. appropriate installation locatig
nt the access for the intended viewers closer than the Risk Group 1 hazard of 4 m.

me cases, as «ndicated in Figure B.4, there would be another poss
example of actihic UV-hazard, the time base for Risk Group 1 is 10 000 s. If it is
he duration of‘\exposure or direct viewing in practice is shorter (e.g. due to a |
-on time ofvan information board), the HD can be reduced accordingly. Generally,

time neeessary for taking the information. For such an approach, graphical presen
HD(versus the exposure duration is helpful. If, for instance, the likely maximum vi
prn/in this example would be limited to 100 s, the corresponding HD would amo
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related time bases. Greater details may be provided in application-related vertical standards.

B.3

B.3.1

Limits provided in time integrated radiance

General relationships

Within the wavelength range 380 nm to 1 400 nm, the exposure limit values are provided in

terms of radiance (in W-m2-sr-1). Thus, the retinal exposure depends linearly on the source
radiance.

As mentioned above, unlike the irradiance, the measured radiance values should, in first

order,

not vary when measured from different source distances.
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However, the main and distinguishing feature of IEC 62471, compared with usual optical
classification methods, is that IEC 62471 considers spatially averaged radiances instead of
the “true” source radiance (see Annex A of this technical report). Independent from the actual
angular subtense of a source, the measurement is averaged over a specific defined
acceptance angle y and the limit applies to the correspondingly determined area in the
source-plane. Thus, while the assessment distance increases up to the location of the HD
position, the acceptance angle has to remain constant (independent of the source distance),
whereas the angular subtense o of the source decreases. In other words, whereas the source
area itself remains unchanged the corresponding FOV in the plane of the source increases:
i.e. the relationship between source dimension and the averaging FOV changes with the

distance. This has no real consequences, as long as the source area remains larger than the
app“ able- FO\.

Howeyer, especially for the blue light hazard of the Exempt Risk Group, the ‘maximum
applidable acceptance angle is 100 mrad: at 200 mm distance a FOV equivalent'to 20 mm
sourcg diameter. This is larger than most filaments or single LEDs. From a certain distance,
the apgular subtense becomes smaller than the angle of acceptance with”increasing source
distarjce. At this source specific distance, rjg an inverse square relatiopship between source
and spatially averaged radiance starts. This issue is important for the_determination of Hazard
distar|ces in general, and in the case of GLS sources it is assumed\that this may happgn for
the 5D0 lux distance (see Annex C). Under such arrangements, for an unchanged dource
radiance the measured value of the spatially averaged radiahce decreases with incrgasing
meas({irement distance following the relationship (#a)2. Sincethe spatially averaged radiance
limit is related to the area of the under-filled (see Annex A) FOV which is averaged oyer an
extenfled and increasing area; whereas the real source-dimension remains unchanged.

From |a certain distance, the angular subtense becemes smaller than the angle of acceptance
with imcreasing source distance. HD values can also be determined in cases where the fetinal
hazard limits in terms of radiance are most<restrictive. The smaller the source siz¢, the
shortgr the HD. The measured spatially “averaged radiance decreases with incrgasing
distarjce and at the point where it equalssthe applicable risk group-specific limit value, the
corregponding HD can be determined.\t should be noted that each limit value is conlbined
with g specific acceptance angle. The decrease of the measured spatially averaged radiance
with increasing distance may besmore significant, if the increasing y with the applicable limit
value$ are taken into account.

If reqliired, the source-specific distance r g, where the linear relationship between sourge and

spatidlly averaged radiance breaks down and inverse square relationship starts, can be
calculated. Hence, similar to the equation for the irradiance limits, the HD for limiting radiance

value$ can be calculated as:
Lg -r2
HD = ‘{&
ELV

Where Lg is source radiance, ELV is applicable exposure limit value of the spatially averaged
radiance for a given risk group and hazard.

The above relationship is valid as long as the calculated HD is larger than rg. Hazard

distance can be calculated for each risk group. Since y depends on the risk group, the
corresponding value should be applied for the determination of rig.

B.3.2 Example

Example of blue light hazard radiances and limit values for a pc-white light-emitting LED is
shown in Annex C. In cases of sources with more extended spectral emission, other hazards,
as well as their possible overlapping or crossing with increasing distances, should be
considered when determining hazard distance. It can be challenging, as indicated in a
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theoretical consideration in Figure B.5. This Figure shows all applicable Exempt Risk Group
limit values for a halogen lamp of 7 mm source diameter. In order to make limits comparable
in one figure, the irradiance limits (see Clause B.2) were transferred into corresponding
radiance limits, which include a dependency on the source size and the distance (see
Figure B.1). The radiance limits for retinal thermal hazards became distance dependant due
to the decrease of angular subtense with increasing distance, until the angular subtense
equals a,,;,, see Figure B.5: the kinks in the brown and black solid lines. For the sake of

completeness, the theoretical modelling of the different spatially averaged radiances with the
distance as they would be measured according to the Exempt Risk Group requirements are

also shown, assuming a source luminance of 3 x 107 cd-m2.

8 Radiance exempt limits
1x10
==
T
1x 107 == a%—-p
— — _.':-T-F_— —
- _'__.ﬂ—"'"__ = L - .,
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©
8 1x10* il HEE
e
1%x10°
100 a
100 1x10° 1x10*
r
Source distance (mm) IEC 1589/09
Key
Blue: blue light hazard
Red: actinic UV hazard
Magenta: UV eye hazard
Brown retinal thermal hazard at low visual stimulus
Black: retinal thermal hazard
Brown dash-dotted: cornea/lens hazard
Based| op a_%true” source radiance of 1 x 108 W-m=2-sr-1, the values of the physiological radiapce as
they wlould’be measured at increasing distances are also shown: T

e blue circles: blue light hazard (measured with y = 100 mrad);
e black circles: retinal thermal hazard (measured with y = 11 mrad);

e red circles: (unchanged) corresponding radiance for comparison with the limit values that are
originally provided in irradiance.

Figure B.5 — Distance-dependant (spectrally weighted) Exempt Risk Group limits for the
spatially averaged radiance of a halogen lamp of 7 mm source size

The figure is more complex if the other risk group limits and the different distances (due to the
different or not applicable acceptance angles) of the spatially averaged radiances are
considered.
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A reasonable luminance of a halogen lamp is 3 x 107 cd-m2. Under consideration of the
applicable photometric-radiometric conversion factor, this value has been used for the
calculation of the corresponding spatially averaged radiance in Figure B.5. The following
hazard distances can be calculated, in m:

Table B.1 — Spatially averaged radiance

Actinic UV UV eye Blue light Retinal Retinal thermal Cornea
thermal low visual lens

Risk Group 2 0,69 0,27 0,20 0,20 0,20 0,20

Risk r‘rr\up 1 ’)”) 0’47 0’72 n,')n 0.20 n”)n

Exem
Groug
Figurg

pt Risk 3,8 0,85 0,86 0,20 0,20 0027
(see
B.5)

In this
risk g
hazar
provig

The ¢
most
would
result
under

5 example the actinic UV-hazard provides the most restrictive criterion, “since forn
roup the hazard distance is greater than 200 mm. It should be noted, ‘however, th
d that provides the most restrictive classification criterion does‘not necessarily
e the greatest hazard distance.

assification of this halogen lamp would result in Risk Group 3 with the actinic UV

be the blue light hazard. Based on the hazard distances, the classification in thig
5 in Risk Group 2. As discussed in Clause 6.2, such’ halogen lamps are mainly|
conditions of unintentional short term exposure{aptomotive, spot, flash, projectio

indic

be Risk Group 2 where protection is based on aversion responses. Thus, the example
can be used in this application without any additional safety requirements, provided th

uv e
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Annex C
(informative)

Sources for general lighting service (GLS)

Although IEC 62471 is primarily a horizontal standard, it provides application-related
requirements. Specifically, sources that are exclusively used for general lighting service
(GLS) should not be assessed by application of the worst case measurement distance of
200 mm, as is to be applied to all other sources. In these cases, "...the hazard values shall be
reported as either irradiance or radiance values at a distance which produces an illuminance
of 50Q_lux.. .For all other light sources or lamp systems, including pulsed lamp sources, the
hazargd values shall be reported at a distance of 200 mm...“ (500 lux is a typical mirjimum
visual task lighting level in offices or at workshop benches).

Howeper, in many cases a lamp manufacturer may not know whether a specific’lamp will be
used for general lighting purposes and the categorisation of single lamps .or LEDs should be
perfofmed at a distance of 200 mm. The 500 lux requirement is main}y\related to the final
luminaire. Additionally, the application of this requirement to singlé~lamp is usually not
mean|ngful, since lamps will be combined with other lamps (e.g. inJan array) or attached to
beamtshaping optics, etc. Thus, the required illuminance measurement of the final |GLS-
sourcg takes into account contributions of the whole luminaire.(Unlike the measurements for
risk droup classification, the acceptance angle for the illuminance measurement of | GLS-
sources should not be limited.

Compared with an assessment distance of 200 mmy\the most important implication ¢f the
extenfled 500 lux distance is on the irradiance by the source, i.e. there appears to pe an
advarltage in cases where the categorisation is)\based on irradiance limits. Followirlg the
ANSIJIESNA RP-27 Recommended Practice for Photobiological Safety for Lamps & |Lamp
Systems, the background for the introduction“of this criterion was related to the irradjance-
exprepsed UV limits. The irradiance usually decreases with increasing distance, following the
invergde square law, whereas the radiance virtually remains unchanged. Therefore, therg is no
or litfle advantage of the increased assessment distance if the classification qf the
incorgorated lamp is based on the most restrictive radiance limitations.

IEC 6R471 considers spatially averaged radiance instead of the physical radiance (see fnnex
A). Independent of the angular subtense of a source, for comparison with the exposure limit
values$, the exposure level is averaged over a specific defined acceptance angle y and the
limit ppplies to the-‘correspondingly determined field of view (FOV). Thus, whilg the
assesisment distance-increases until the 500 lux position, this acceptance angle has to remain
constant (independent of the source distance), whereas the angular subtense « of the qource
decrepses. From a certain distance, the angular subtense becomes smaller than the angle of
acceptance<with increasing source distance. At this source-specific distance r|g the inverse
squarg relationship between the source and the spatially averaged radiance starts. This|issue
is important for the determination of hazard distances (see Annex B) and in case of GLS
sources may also happen for the 500 lux distance.

The 500 lux criterion may provide relaxation also in cases where the retinal hazards with
radiance limits are most restrictive: the smaller the source size, the greater the relaxation.
Another example is shown in Figure C.1: a white-light-emitting LED with two different source
sizes, for a single element and for an array. Due to the absence of UV emission, the blue light
hazard dominates. The spectrally B(A1)-weighted source radiance at a distance of 200 mm

amounts to 3,4 x 104 W-m-2-sr-1.

Figure C.1 shows the spatially averaged radiances at greater distances from the source. Two
different source sizes are considered in this example: 2 mm (single LED: red lines) and
50 mm (LED-array: blue lines), in order to highlight the dependency of the measured radiance
on the source size. The exposure limit values of IEC 62471 are indicated by the black lines:
solid for the Exempt Risk Group and dotted for Risk Group 1.
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Measured spatially averaged radiance

1x10°

1><1O4:\ e
{ L - -
€N T,
L2 S S S
§1><103
N =
o
C
o
xe] 00T —
© *
[hd 5 \

10
0 5% 10° 1x10* 1,5 x 10* 2x10*

r

Source distance (mm) IEC 1590/09

For a]given “true” radiance (with classification into Risk Group 2)7 development of the expected
measyred averaged (over acceptance angles of 11 mrad: dotted, and 700 mrad: solid lines) values of
the sphptially averaged radiance with increasing distance from the source of size: 2 mm (red line) and 50
mm (bjue).

Figure C.1 — Measured spatially’averaged radiance

It should be noted that in this figure two fixed acceptance angles were used applicable [to the
risk groups and in order to determine the risk~group-specific hazard distances (see Anngx B).
Risk group-related hazard distances are in each case the distances where the dotted pr the

solid |ines cross each other. Since the @pplicable blue light hazard limits are 100 W-m2-sr’
for the Exempt Risk Group and 1 x-10* W-m?-sr”" for Risk Group 1, white LED sourcés are

allocgted into Risk Group 2 if assessed from the standard measurement distance of 200 mm.
The hpzard distance calculation deads to the following distances, also shown in Figure C

—

Table C.1 — Risk group-related inverse square law and hazard distances

Sourcp diameter 2 mm 50 mm
s HD ns HD
Risk| Group 1 0,02 0,34 4,5 8,4
Exempt Risk 0,18 0,37 0,5 9,2
Group
The tableshows Risk (-‘.rnup_rnlnfnnl inverse sguare law and hazard distances (in m) for the two white
LEDs (of equal radiance but different source size) in Figure C.1.

The hazard distances of the extended LED (array) are large due to the relationship between
source area and the FOV-defined area. In this case, the risk classification does not change
from Risk Group 1 to the Exempt Risk Group until a distance of more than 8 m from the
source. However, the next hazard distance for the Exempt Risk Group is shorter due to the
increased FOV (see also Figure C.1). In order to check the implications of the GLS-
requirement, the 500-lux distances of these sources can also be calculated. Limited to one
single source the general relationship between the illuminance E at a certain source distance
r and luminance L (of a circular source) is:
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D2

E =x-L
iD2+4r25

where D is source dimension and r is distance between source of integral luminance L and
the plane of irradiance E.

After rearrangement, and for E equals to 500 lux, the corresponding 500 lux distances can be
calculated with the source size D and the luminance L, as shown in Figure C.2.

For a single source of size D, the distance of 500 lux solely depends on the luminance of the
source:

500 lux distances
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Figure C.2 — Relatlonshlps between illuminance of 500 lux and
source luminance [cdlm ] (indicated) for several source sizes
and(distances of some typical luminances

The dbove general relationships are independent of the source type. Also, the radiancé limit
values in IEC 62471(are independent of the source type, but are provided in radiometric|units.
If the| radiance limits are applied to the calculation of the 500 lux distances, the squrce-
specific radiometric/photometric conversion factors would have to be applied. The different
impagt of the)GLS criterion on several source types is mainly due to the different

radiometric/photometric conversion factors (in Im-W-1) and the spectral effectiveness pf the
B(A4)-weighting.

With Figure C.2 and the respective formula, and by wusing an appropriate
radiometric/photometric conversion factor for the white LED, the 500 lux distance can be
determined for the two sources under consideration:

— 2 mm-source: 0,42 m;
— 50 mm-source: 10,05 m.

A comparison of both values for each source with the data in Table C.1 shows that the
500 lux distances in both cases are larger than the inverse square law distances and, more
importantly, the hazard distances for both lower risk groups. Therefore, the original risk group
allocation changes from Risk Group 1 to the Exempt Risk Group by the application of the GLS
requirement.
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