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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starjdards
adopted by the technical committees are circulated to the member bodies for voting)yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9370 was$ prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, che¢mical
and environmental resistance.

This second gdition cancels and replaces the first edition (ISO 9370:1997), which has been technically re¢vised.
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Introduction

Defining periods of natural weathering, accelerated natural weathering, artificial accelerated weathering or
artificial accelerated irradiation exposure solely in terms of time ignores the effects caused by variation in the
spectral irradiance of the light source and the effects of moisture and/or temperature differences between
different exposure tests. Defining periods of natural weathering exposure in terms of total solar radiant
exposure has been shown to be useful for comparing results for these exposures conducted at different times
at thel same location. However, it is also important to monitor solar ultraviolet radiant exposyre for natural
weathering exposures and the ultraviolet radiant exposure in artificial accelerated weathering or artificial
accelgrated irradiation exposures.

Two dpproaches to the measurement of ultraviolet radiation are commonly used. The\first is to yise a physical
standard, i.e. to expose a reference material that shows a change in property (nyproportion tp the dose of
incident UV radiation. The preferred approach is to use a radiometer that résponds to the ultraviolet. This
Interngtional Standard deals with this approach. It recommends important characteristics for the instruments
used and provides guidance for the selection and use of these radiometers:
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This International Standard specifies methods for the instrumental measurement of irr
surface. This includes not only natural solar radiation but also intensified nataral”solar
on produced by laboratory light sources.

iolet) irradiance and the accumulation, or integration, of instantaneous data to provid
ure.

For measurement of radiation in artificial accelerated weathering or artificial accelerat
ures, instrumental techniques include the continuous measurement of total or defined wav
bviolet radiation, visible spectral irradiance and/or ultraviolet spectral irradiance and the ac
btion, of instantaneous data to provide the radiant exposure.

This International Standard does not specify procedures using blue-wool standar
metry or polymeric or other film dosimetry.

ormative references

bllowing referenced documents. are indispensable for the application of this docume
hces, only the edition citéd)applies. For undated references, the latest edition of th
y7-3, Plastics — Meéthods of exposure to solar radiation — Part 3: Intensified wea
htrated solar radiation

D59, Solar energy — Calibration of field pyrheliometers by comparison to a reference pyrhe

D60, Solar energy — Specification and classification of instruments for measuring hemis
rect\solar radiation

adiance on a
radiation and

For measurement of solar radiation for natural weathering and accelerated natural weathering,
instrumental techniques include the continuous measurement of total solar,.solar ultraviolet and

spectral solar
e the radiant

ed irradiation
blength bands
cumulation, or

ds, chemical

ht. For dated
e referenced

thering using

liometer

pherical solar

ISO 9

846, Solar energy — Calibration of a pyranometer using a pyrheliometer

ISO 9847, Solar energy — Calibration of field pyranometers by comparison to a reference pyranometer

ASTM G90, Standard Practice for Performing Accelerated Outdoor Weathering of Nonmetallic Materials Using
Concentrated Natural Sunlight

ASTM G130, Standard Test Method for Calibration of Narrow- and Broad-Band Ultraviolet Radiometers Using

a Spe

ctroradiometer

ASTM G138, Standard Test Method for Calibration of a Spectroradiometer Using a Standard Source of
Irradiance
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ASTM G183,

Standard Practice for Field Use of Pyranometers, Pyrheliometers and UV Radiometers

Guide to meteorological instruments and methods of observation, WMO Publication No. 8, World
Meteorological Organization, Geneva

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

artificial acc
exposure of
over those en

NOTE 1 Thi
spray, conden
outdoor exposU

NOTE2  The
may also inclug

3.2

Py :
catricriiny

I material in a laboratory weathering device to conditions which may be cyclic and  inte

countered in outdoor or in-service exposure

5 involves a laboratory radiation source, heat and moisture (in the form of relative hufnidity and/o
ation or immersion) in an attempt to produce more rapidly the same changes thatyoccur in lon
re.

e device may include means for control and/or monitoring the light source and‘other weathering varia
e exposure to special conditions, such as acid spray to simulate the effect ef'industrial gases.

artificial acce¢lerated irradiation
material to a laboratory radiation source meant to simulate 'window-glass-filtered solar radliation

exposure of g
or radiation fr

bm interior lighting sources and where specimens can be‘subjected to relatively small chan

temperature and relative humidity in an attempt to produce more(rapidly the same changes that occur

the material ig

3.3
blocking
ability of a fil

used in an indoor environment

fer to reject or not transmit radiation ‘eutside the intended passband, usually expresseq

fraction or pefcentage of the incident radiation

3.4
broad-band
relative term,
is between 2(
range

3.5

generally applied to filters and to radiometers for which the FWHM (full width at half max|
nm and 70 nm, which typically describes a filter radiometer measuring in the 300 nm to 4

centre wavel
Cw

ngth

wavelength Idcated at-the midpoint of the FWHM (full width at half maximum) interval (see Figure 1)

3.6

nsified

water
g-term

bles. It

ges in
when

as a

mum)
D0 nm

cosine receptor
radiation-transferring device that samples radiant flux in accordance with the cosine of the incident angle and
that collects all radiation incident in 2rx steradians (i.e. in a hemisphere) using, for example, an integrating

sphere or a pl

3.7

ane diffuser

cut-off wavelength
wavelength at which the transmittance has decreased to 5 % of the peak transmittance when going from the
peak transmittance towards the long-wavelength blocking region (point C in Figure 1)
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Figure 1'= UV radiometer spectral response

3.8
cut-on wavelength
wavelength at which the transmittance has increased to 5 % of peak transmittance when going ffom the short-
wavelength blocking region.tewards the transmitting region (point B in Figure 1)

3.9
detector
photofeceptor, forming part of a radiometer, that converts incident radiation into an electrical [signal for the
purpoge of determining the irradiance of a surface

3.10

total of the sky- and (if within the field of view) ground-reflected radiation within the 2r steradian field of view of
a plane surface, excluding the radiation from within the 5° to 6° solid angle centred on the sun's disc

NOTE See 3.11, direct radiation.

3.1

direct radiation

direct solar radiation

direct beam radiation

solar irradiance included within a restricted solid angle (typically 5° to 6°) centred on the sun's disc

© 1SO 2009 — All rights reserved 3
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NOTE

If the direct normal solar radiation is known, the direct radiation on a tilted plane can be calculated by

multiplying the direct normal solar radiation by the cosine of the angle defined by the normal to the plane and a line from
the foot of the normal to the centre of the sun's disc.

3.12
direct norma
direct solar ra

NOTE

3.13
drift

| solar radiation
diation incident on a plane normal (perpendicular) to the solar beam

Direct normal solar radiation is measured with a pyrheliometer.

rate of chang
stability of the

3.14

field of view
full angle of
aperture

3.15

full width at
FWHM

(in a passba

e of the responsivity of a measurement instrument over time that indicates the time-
instrument

he cone that is defined by the centre of the receiver surface and the border of the li

half maximum

frequently referred to as the “bandwidth”

3.16

hemispherical solar radiation

(on a tilted p

ane) total of the direct solar radiation incidenton a plane surface plus all sky- and g

reflected radiation within the 2r steradian field of view of the surface

NOTE If t
often referred t

3.17
interference
filter that defin

NOTE Mo
selected spectn

3.18
irradiance

E

radiant flux pg

b as global solar radiation or global horizontal radiation.

filter
es the spectral composition-of the transmitted radiation by the effects of interference

5t interference filters consist of thin layers of metals and dielectrics, resulting in high transmittand
al bands.

r unitiarea, measured in watts per square metre (W-m~2), incident on a surface

3.19

ased

miting

nd) interval between the wavelengths at which transmittance”is 50 % of peak transmiftance,

ound-

ne tilt of the plane surface is zero degrees/(i.e. it is horizontal), then the hemispherical solar radiation is

e over

global solar irradiance
solar radiant flux, both direct and diffuse, received by a horizontal plane of unit area from a solid angle of

2n steradians

3.20

, measured in watts per square metre (W-m—2)

spectral irradiance

E;

irradiance per wavelength interval, typically reported in watts per square metre per nanometre (W-m=2.nm-1)

3.21

long-pass filter
filter that transmits wavelengths longer than the cut-on wavelength while rejecting shorter wavelengths, and

characterized

by a sharp transition from minimum to maximum transmittance
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narrow-band
relative term which applies to interference filters with an FWHM (full width at half maximum) of no more than

20 nm

NOTE
normal

3.23

In narrow-band filters of the same type, the reproducibility of the centre wavelength and the FWHM will

ly be within + 2 nm.

passband
(in a bandpass filter) wavelength interval between cut-on and cut-off (see Figure 1)

3.24

peak
wavel
NOTE

3.25

pyranometer

radion

3.26

pyrhelliometer

radion

3.27

radiant exposure

H

time imtegral of irradiance, measured in joules per square metre (J-m=2)

3.28

diffus

3.29

referjtr:ce radiometer

instru
the W

standards and a stated,measurement uncertainty

NOTE

direct felationship.

3.30

radiometer
instrument for measuring electromagnetic radiation, consisting of a detector, any necessd
r

wavelength
bngth at maximum transmittance

The peak wavelength is not necessarily the same as the centre wavelength (seeckigure 1).

neter used to measure global solar irradiance (or, if inclined, hemispherical solar irradiance

heter used to measure the direct normal solar radiation

s, and a signal-processing devicée

ent used to realizé-a standard measurement value with respect to a recognized radiati
orld Radiation Reference spectral irradiance scale) with a stated path of traceability

A reference radiometer is used only to calibrate other radiometers by comparison, substitu

ry filters and

bn scale (e.g.
0 recognized

tion or another

field r

adiometer

instrument deployed in the field or in a laboratory accelerated-weathering device used for the routine
measurement of radiation, with a calibration traceable to a recognized standard scale, through transfer of the
scale by comparison, substitution, or other direct relationship with a reference radiometer

3.31

short-pass filter
filter that transmits wavelengths shorter than the cut-off wavelength while rejecting longer wavelengths, and
characterized by a sharp transition from maximum to minimum transmittance

3.32
spect

roradiometer

instrument for measuring spectral irradiance in narrow-wavelength intervals over a given spectral region as a
function of wavelength
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3.33

traceability

ability to relate the result of a measurement of a property of a standard to stated references, usually national
or international standards, through an unbroken chain of comparisons that all have stated uncertainties

3.34

wide-band

relative term which applies to filters for which the FWHM (full width at half maximum) is at least 70 nm and,
typically, describes a filter radiometer having a wide passband of, for example, 300 nm to 800 nm

(2]

4.1 General considerations

b oNn a
ically,
measuremenis of radiation in the 290 nm to 400 nm band, or narrow-band measurements with fentre
wavelengths pt, for example, 340 nm or 420 nm, are required. However, in centrast to natural exgosure
conditions, rafiation of wavelengths shorter than 300 nm is present in many light-sources used in accelgrated
laboratory tegts and is known to cause degradation reactions that do net~occur in outdoor exposures. In
addition, radiation of longer wavelengths can be very important in product degradation, such as colour fade
and sensitizafion of polymer degradation.

41.2 Wide
the source(s)

band filter radiometers may be insensitive to changesthat can occur in some spectral regipns of

within the spectral range of the radiometer.

4.1.3 Narrg
region of the
portions of th

ectral
ectral

w- and broad-band filter radiometers are insensitive to changes that may occur in the sy
source(s) outside the spectral range of theyradiometer. By measuring several discrete sj
radiant source at the same time, changes’in spectral balance can be detected.

fied in
tificial
thould

4.1.4 Measpurements of ultraviolet and/or visible)radiation using the instruments and procedures speci
this Internatignal Standard may aid in comparing results from artificial accelerated weathering and a
accelerated ifradiation exposures with these*from natural exposures. When this is done, comparison §

be made in s
gauge the rel
degradation r

415 Itma
exposures if g

bveral passbands. Comparing the radiation in a short-wavelength UV passband is necess
pative severity of the expasure and to estimate the risk that the accelerated test might pr
pactions that would not-eccur in a natural exposure.

/ not be possibleyto make a direct comparison of exposure results based on equivalent 1
ny of the following conditions apply:

ary to
pduce

adiant

a) the two exposures.differ in the spectral distribution of their radiation;
b) the temperatures differ in the two exposures;
c) the moisture conditions differ in the two exposures.

In many instances, rather than serving as a dosimeter, the radiometer may be useful only to monitor the
performance of the light source.

4.2 Natural weathering — Fixed-angle or equatorial-mount exposure

4.21

Measurement of total solar and solar ultraviolet radiation for natural weathering exposures (fixed-

angle or equatorial-mount type) using the instruments and procedures specified in this International Standard
may improve the comparability of exposure tests conducted at different times in a single location. It may also
improve the comparability of results obtained in different locations with similar climates.
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4.2.2 Global solar irradiance can be measured in the total solar wavelength range (300 nm to

370:2009(E)

2 500 nm) by

employing pyranometers and in the total ultraviolet wavelength region (300 nm to 400 nm), or in other

selected wavelength regions of the solar spectrum, by using suitably filtered radiometers.

NOTE Historically, many total solar ultraviolet radiation measurements have been made using
radiometer with a response from 295 nm to 385 nm. Tabular data showing typical differences in ultravio
with different passbands are given in Annex A.

a broad-band
let radiometers

4.3 Accelerated natural weathering — Solar-concentrating exposures using Fresnel-

reflecting concentrators

4.3.1

Eresnel rnflnr\hng concentratordevices-use-a-series-of mirrors-to-focus-solarradiation-on an exposure

area.
when
accor

Measurements of the direct component of both total solar and solar ultraviolet radiatior
performing accelerated natural weathering tests employing Fresnel-reflecting~ con
lance with recognized standards.

4.3.2 | The direct component of total solar radiation is measured with a pyrheliométer. The dirg
of solar ultraviolet radiation is measured using two ultraviolet radiometers, one of which is fitted V
disk t¢ block direct solar ultraviolet radiation. The direct component is determined as the differ
the repdings from the two instruments. The pyrheliometers and ultraviolet,radiometers must be
sun-tracking device.

NOTE
radiati

For solar concentrating exposures using Fresnel-reflecting~concentrators, the direct comg
n is the direct normal solar radiation.

4.3.3 | For the requirements of recognized standards to be met, it is essential that the field

radiometers used be approximately equal to that of the Fresnel-reflecting concentrators employe
trackimg accuracy of the sun tracker be equal to or hetter than that of the Fresnel-reflecting
emplgyed.

4.4 |Artificial accelerated weathering and-artificial accelerated irradiation

4.41
ultravi

plet and visible radiation using the instruments and procedures described in this Internati
may id in improving the reprodugibility of these exposures. However, monitoring irradianc
passbiand is usually not sufficient to detect all differences caused by variation in filter type or

filters| Changes in radiation caused by filter variation can be detected by monitoring radiation s
in a short-wavelength passband and a long-wavelength passband.

4.4.2 | Irradiance can-be measured in any wavelength region of interest. Because of the greate|
polymer materials <o dltraviolet radiation, it is the intent of this International Standard to e
measyirement of itradiance and radiant energy in the total ultraviolet region from the short-wavg
of thg detector\(e.g. ~ 300 nm) to 400 nm wavelength, or in selected regions of the ultravi
passband.

are required
centrators in

ct component
vith a shading
bnce between
mounted on a

onent of solar

bf view of the
d and that the
concentrators

For artificial accelerated weathefing and artificial accelerated irradiation exposures, measurements of

pnal Standard
e in a single
solarization of
multaneously

I sensitivity of
mphasize the
tlength cut-on
blet or visible

4.4.2. When measuring the radiation emitted by a point source, the angle of view of

the detector

receptor shall include the complete arc, or filament, of the lamp when the detector is positioned for

measurement in order to ensure accurate measurements.

4.4.2.2

When the light source consists of several lamps, it is preferable to use a detector equipped with a

cosine receptor. Furthermore, it is preferable that a detector equipped with a cosine receptor be used when

measuring the radiation emitted by a single lamp.

443

The photoreceptor of the radiometer should preferably be positioned in the specimen plane. If the

photoreceptor of the radiometer is not positioned in the specimen plane, it shall be calibrated to measure

irradiance in the specimen plane.
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5 Apparatus

5.1 General

5.1.1 This International Standard subdivides radiometers into two types:
a) spectrally non-selective radiometers (see 5.2);

b) spectrally selective radiometers (see 5.3).

The performance characteristics of the radiometer selected shall conform to the appropriate conditions listed
in Tables 1 ajd 2.

NOTE WHile the instrument performance data described in Tables 1 and 2 can be considered as a,'specification,
especially for instruments that measure total solar radiation, instruments currently available for measurement df solar
ultraviolet radigtion may not meet all of the performance features listed.

5.1.2 In general, the accuracy and precision of measurements made by radiometers-are’affected to varying
degrees by epvironmental factors such as temperature and wind. It is essential to correct the instrumént for
such effects ysing the manufacturer’s response-correction factors, such as that for temperature.

5.1.3 When it is desired to express the exposure interval in terms of the-radiant exposure, the radigmeter
must possesg the capability of integrating irradiance with respect to the time’ of exposure and displayipg the
result at periodic intervals.

Table 1 — Specifications for spectrally non=selective radiometers
(referenced to an irradiance of 1 000 W-m~2 wherever applicable)

Instrument . Stability | Temperature | Spectral Non- | Response | Directional Tyt
Resolution a e . . . b
type (per year) | response sensitivity | linearity time response resppnse
W-m2 % % % % S % %
First-class
. +4 +1 +2 +1 +0,5 <20 — +0,5
pyrheliometer
First-class +5 +15 +2 +5 +1 <30 +2 +2
pyranometer
Second-class +10 +5 +4 +10 +3 <60 +3 +3

pyranometer

a8  Within an iterval of 50 °C.

b For the dirdct component (€. beam).

8 © 1SO 2009 - All rights reserved
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Table 2 — Specifications for spectrally selective radiometers

Type of selective radiometer
Instrument property
Narrow-band Broad-band Wide-band Spectroradiometer
Spectral range, nm a a a a
Full width at half maximum (FWHM), nm <20 20to 70 >70 NA
Out-of-band blocking a a a a
Cosine response (0° to 60° from +4 +4 +4 +6
zenith), % deviation from ideal
Cosing response (60° to 80° from +7 +7 +7 +8
zenith), % deviation from ideal
Resolption 0,05 W-m—2 0,10 W-m~2 0,20 W-m2 0,05 W-m==2.nm~1b
per bandwidth | per bandwidth | per bandwidth
Expoded component temperature range, -30to +50°¢ -30to +50°¢ -30 to +50,¢ -3Qto +50°¢
outdoprs, °C
Non-gxposed component temperature 25to 60 25 to 60 25.t0 60 25 to 60
range} indoors, °C
Maximpum temperature coefficient, 0,1 0,1 0,1 2
% pen°C
Non-linearity, all ranges, % 2 2 2 2
Operdting relative-humidity range, % 0to 100 0to' 100 0to 100 OJto 100

NOTE Additional information about cosine correction is given in EN-13032-1. Cosine correction is necessary if radiption incident on
the spgcimen comes from different directions.

@  This will be determined by the application requirements-or the requirements of the exposure test. Consult wfth the technical
represgentative of the instrument manufacturer or a personcknowledgeable in optical radiometry. Refer to 5.3.4 for detai|s of out-of-band
blockirjg requirements. When spectrally selective radiometers are used, their filters should block all radiation outside the measurement
passband in order to avoid the introduction of significant errors. However, out-of-band leakage can be acceptable if the¢ laboratory light
sourcg being measured does not produce radiatian in‘the wavelengths where leakage occurs.

b For spectroradiometers, this term is mére appropriately called spectral resolution. Reliable spectroradiometric njeasurements of
solar YVB below 303 nm require a spectral.resolution of better than 3 yW-m=2.nm".

¢ F¢r many radiometers, the coefficient of thermal response (COT) is not guaranteed by the manufacturer when the instrument is
used gt temperatures above 50 °C"A thermistor/resistor must be replaced to reach a useful life at operating temperatyres greater than
50 °C {usually to 60 °C).

5.2 |Non-selective radiometers (see Table 1)

5.2.1 | Pyranometers: A pyranometer of WMO or ISO 9060 second class or better shall be used.

5.21.1 When solar radiant exposures are required to be measured at a given exposute angle, it is
essen' TePIane—=C rephotoreceptor-tobemaintained-at-esser tatty-the—same-titt-angte—a theplaneof

the exposure rack (e.g. at 45°, at the latitude angle, at 5°, horizontal or sun-following). For accurate
assessment of the radiation incident on an exposure rack, the tilt angle of the radiometer should be within + 2°
of the angle of the exposure rack. Also, for accurate measurement of total solar radiation, it is very important
that the acceptance angle or field of view of the photoreceptor of the instrument be 2xn steradians (i.e. 180°)
and be cosine-corrected to meet or exceed the requirements for an ISO 9060 second-class instrument.

5.21.2 Exposure values shall be expressed in absolute units. It is necessary for a spectrally non-
selective radiometer (pyranometer) to be calibrated such that the calibration is traceable to the World
Radiometric Reference (WRR). For more information, refer to the WMO Guide to meteorological instruments
and methods of observation.

5.2.2 Pyrheliometers: An ISO 9060 or WMO first-class pyrheliometer shall be used.
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5.2.21 When radiation measurements are made with a pyrheliometer, it is very important that the
instrument has a field of view between 5° and 7° and conforms to the requirements for an ISO 9060 or WMO
first-class instrument. This type of instrument is required for the measurement of radiation incident on Fresnel-
reflector outdoor accelerated-weathering machines (see 1ISO 877-3 and ASTM G90).

5.2.2.2 Exposure values shall be expressed in watts per square metre for irradiance and in joules per

square metre for total radiant exposure. It is necessary for spectrally non-selective pyrheliometers to be
calibrated such that the calibration is traceable to the World Radiometric Reference (WRR).

5.3 Selective (UV) radiometers (see Table 2)

5-3.1 The ctcuth oha:: CUI IO;Ot Uf d OCI1oUT, G|J|JI Upl IGtU fl:tcl (O) dl Id, If IC\..{U;I Cd, d UUD;I 1< IU\JU}JtUI .
5.3.2 Broad-band filters shall have an FWHM greater than 20 nm but generally not exceeding 70 Aam.
5.3.3 Narrgw-band filters are identified by their CW and shall have an FWHM less than 20Am:

5.3.4 The tptal response of the detector is a function of the spectral irradiance received from the sourge, the
spectral trangmittance of the filter and the spectral response of the detector. Therefore, it is important that
unwanted radiation be fully blocked. The transmittance of narrow-band filters in.thé blocking region {within
40 nm of the [cut-on and cut-off wavelengths) shall not exceed 0,001 % for narréw-band UVB measurements
and 0,01 % fgr broad-band UVA radiometers.

5.3.5 The gassband can also be controlled by using combinations of-filters. This can be done by compining
long-pass and short-pass filters, i.e. cut-on and cut-off filters. The FWHM and blocking are determined py the
filter combinations that are selected.

5.4 Recorders and data loggers

5.41 The fadiant energy converted by the detectar) into an electrical response shall be amplified, if
necessary, and displayed on a suitable meter thattias been calibrated to indicate the instantaneous [signal
(irradiance) and the integrated signal (radiant exposure) which can optionally be plotted in the form of a graph.
More commoply, the appropriately conditioned\signal is acquired using a data logger having the requisite
number of channels. Depending on the datadogger, the signal can be processed by the data logger to provide
the required ifradiance and radiant exposure*or it can be stored and processed externally using, for example,
a spreadsheet application.

5.4.2 Should the radiometer be@ubject to drift, means shall be provided to adjust the zero and the range.

6 Calibration

6.1 General

6.1.1 Provision shall be made for frequent calibration checks of the radiometer by the aperator. For UV
radiometers, the radiometer shall be re-calibrated at least once a year by the manufacturer or by a qualified
calibration laboratory or, alternatively, its calibration status shall be verified by periodic checking against a
calibrated reference radiometer whose only function is to provide such a reference. For pyrheliometers and
WMO first- and second-class pyranometers, re-calibration by the manufacturer, a qualified calibration
laboratory or internally using a laboratory standard radiometer in accordance with ISO 9847 or ASTM E816 or
ASTM EB824 should be carried out at appropriate intervals.

NOTE Unless more frequent re-calibration is indicated by the required checks, 1ISO 9060 and WMO first-class
pyranometers and pyrheliometers do not normally require re-calibration more frequently than once every two years.

6.1.2 For many types of radiometer used for natural exposures (e.g. second-class ISO thermopile

pyranometers), calibration at the tilt angle at which they will be used is desirable. Calibration at the tilt angle is
not critical for ISO and WMO first-class (or better) global pyranometers or for many photoresponsive filter
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radiometers with an accuracy of better than 2 %. For UV radiometers, good cosine response is very important
because even small deviations from the cosine law can result in calibration errors. Calibration of UV
radiometers at the tilt angle is recommended for obtaining the most accurate measurements. This is especially
important when they are used in climates where there is a high ratio of diffuse ultraviolet to beam ultraviolet
radiation.

6.1.3 For calibration of radiometers used for laboratory exposure tests, the radiometer shall be mounted
such that its photoreceptor surface is perpendicular to the optical axis of the radiation source. The radiometer
should preferably be calibrated under conditions that approximate, as nearly as possible, to the conditions
under which field measurements are to be made. It may be necessary to use conversion factors in
accordance with recommendations by the manufacturer.

6.2 [Reference and field radiometers

6.2.1 | Calibration of spectrally non-selective radiometers shall be traceable to the (World Radiometric
Refergnce (WRR).

6.2.2 | Calibrate pyrheliometers in accordance with 1ISO 9059. Calibrate pyranometers in ac¢ordance with
ISO 9846. The transfer of calibration from reference radiometers to radiometers used in the figld shall be in
accorglance with ISO 9847.

NOTE ASTM E816, ASTM E824 and ASTM G67 cover the same calibration procedures as ISO 9059 and ISO 9846,
but indude additional information about the uncertainty of calibration and measurement.

6.3 [Selective reference radiometers

6.3.1 | Unless otherwise specified, spectrally selective reference radiometers shall be |calibrated in
accorglance with ASTM G130 by comparing their signal to the integrated spectral irradiance npeasurements
made| by a spectroradiometer. Unless otherwise\'specified, the spectroradiometer shall be| calibrated in
accorglance with ASTM G138. Integrate the spectroradiometer data over the passband of the filter radiometer.
For filter radiometers that are used to measure solar radiation, use the sun as the soufce. For filter
radiometers that are used to measure labofatory light sources, use the same type and model ¢f light source
as used in the exposure test.

6.3.2 | For laboratory accelerated=weathering devices, the reference radiometer used to caliprate the field
radiometer shall be calibrated jin.the emission region of the light source used. Unless otherwise specified,
calibration of narrow- or broad<band reference ultraviolet radiometers with a spectroradioneter shall be
conducted in accordance with’/ASTM G130. The reference radiometer shall be calibrated using fa light source
of thel same type that will-be used for testing and the calibration shall be conducted using the same test
chamber geometry (ie,~the same lamp to specimen plane distance and orientation) as used for the field
radiometer. Calibration shall be checked in accordance with the radiation measuring instrument
manufacturer's instructions.

6.3.3 | Othercalibration procedures can be used if it can be shown that they yield an expanded|uncertainty of
less than £.10% (at a 95 % confidence level) in the UV region from 300 nm to 400 nm.

6.3.4 When used with sources having a different spectral distribution of radiation, the radiometer shall be
adjusted to that source.

6.3.5 To calculate the calibration constant (or sensitivity constant), the spectral irradiance data obtained by
the spectroradiometer shall be integrated over the appropriate wavelength range.

6.3.6 A full calibration of the radiometer that is traceable to a recognized radiometric standards body shall
be conducted at least once per year. More frequent calibrations are recommended.

NOTE A summary of results from an international comparison of calibration factors of national spectral irradiance
standard lamps can be found in bibliographic Reference [19].
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