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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
ical standardization.
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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 the same location. However, it is also important to monitor solar
ultraviolet radiant exposure for natural weathering exposures and the ultraviolet radiant exposure in
artificial accelerated weathering or artificial accelerated irradiation exposures.

Two gpproaches to the measurement of ultraviolet radiation are commonly used. TheAfirst is to use a
physiral standard, i.e. to expose a reference material that shows a change in property in proportion to
the dgse of incident UV radiation. The preferred approach is to use a radiometer that regponds to the
ultrayiolet. This document deals with this approach. It recommends important characterfistics for the
instrgments used and provides guidance for the selection and use of these radiometers.

© IS0 2017 - All rights reserved v
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polymeric or other film dosimetry.
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ISO9
and d
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ISO 9

ASTM
Pyrhe

ii)cument specifies methods for the instrumental measurement of irradiance on apl

cludes not only natural solar radiation but also intensified natural solar radiation'z
ced by laboratory light sources.

heasurement of solar radiation for natural weathering and acceleratéd natural

Fal solar (ultraviolet) irradiance and the accumulation, or integration, of instantan
e the radiant exposure.

easurement of radiation in artificial accelerated weathering o¥ artificial accelerate]

ures, instrumental techniques include the continuous measurement of total or define
of ultraviolet radiation, visible spectral irradiance and for tultraviolet spectral irrad

hulation, or integration, of instantaneous data to provide the radiant exposure.

document does not specify procedures using. bltie-wool standards, chemical act

ormative references

bllowing documents are referred-t6,in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edition. of the referenced document (including any amendmg

)59, Solar energy — Calibration of field pyrheliometers by comparison to a reference py

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

B46, Solar energy — Calibration of a pyranometer using a pyrheliometer

E816; Standard Test Method for Calibration of Pyrheliometers by Comparison
liometers

hnar surface.
nd radiation

weathering,
raviolet and
eous data to

d irradiation
1 wavelength
ance and the

inometry or

their content
applies. For
bnts) applies.

rheliometer

bherical solar

B47, Solar"energy — Calibration of field pyranometers by comparison to a reference pyrgnometer

to Reference

ASTM E824, Standard Test Method for Transfer of Calibration From Reference to Field Radiometers

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 Spectroradiometer

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

Irradi

ance

ASTM G183, Standard Practice for Field Use of Pyranometers, Pyrheliometers and UV Radiometers
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3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

artificial accelerated weathering

exposure of
intensified o

Note 1 to entr
and/or water
occur in long-

Note 2 to en
weathering v4
of industrial g

3.2

artificial ac
exposure of
radiation or
small changg
changes that

3.3
blocking
ability of a fi
a fraction or

3.4
broad-band

characteristic of filters and radiométers for which the full width at half maximum (3.15) is bef

20 nm and 7
Note 1 to entr]

3.5
centre wave
cw
wavelength |

ad matertal T a faboratory weathering device to conditions which may be cycil
yer those encountered in outdoor or in-service exposure

y: This involves a laboratory radiation source, heat and moisture (in the form of relative hu
spray, condensation or immersion) in an attempt to produce more rapidly the same changg
erm outdoor exposure.

ry: The device may include means for control and/or monitoring the\light source and
riables. It may also include exposure to special conditions, such as acid ‘spray to simulate thej
ases.

celerated irradiation
h material to a laboratory radiation source meant to simulate window-glass-filtered

c and

midity
s that

other
effect

solar

radiation from interior lighting sources and where specimens can be subjected to relatively

s in temperature and relative humidity in an atfempt to produce more rapidly the
occur when the material is used in an indoor environment

ter to reject or not transmit radiation-eutside the intended passband, usually expres
percentage of the incident radiation

) nm

y: It typically desctibes a filter radiometer measuring in the 300 nm to 400 nm range.

length

ocated-at the midpoint of the full width at half maximum (3.15) interval

same

bed as

ween

Note 1 to entrl

/- See Fioure 1

3.6

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 21 steradians (i.e. in a hemisphere) using, for example,
an integrating sphere or a plane diffuser

3.7

cut-off wavelength
wavelength at which the transmittance has decreased to 5 % of the peak transmittance when going

from the pea

k transmittance towards the long-wavelength blocking region

Note 1 to entry: See point 4 in Figure 1.

© ISO 2017 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp/ui/
https://standardsiso.com/api/?name=cf2fd8c6af2ae6c259b90dee026adb30

IS0 9370:2017(E)

o
=}
T I T I

0,8
0,7~
0,6

A=
0,3
3
01

0 —_1 1

|
|
|
|
05f——— I
|
|
|
|

Key

>
s

avelength in nm
brmalized spectral response

g
a =

bntre wavelength (CW)
yll width at half maximum (FWHM)
]:t-on wavelength

BwWw N -
o o =

t-off wavelength
Figure 1 — UViradiometer spectral response

3.8
cut-op wavelength
wavelength at which the trapsmittance has increased to 5 % of peak transmittance whep going from
the short-wavelength blocking-region towards the transmitting region

Note 1 to entry: See point'34n Figure 1.

3.9
deteqtor
photdreceptof;forming part of a radiometer, that converts incident radiation into an eleftrical signal
for the purpose of determining the irradiance of a surface

3.10
diffuse solar radiation

total of the sky- and (if within the field of view) ground-reflected radiation within the 2m 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 1 to entry: See 3.11.
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https://standardsiso.com/api/?name=cf2fd8c6af2ae6c259b90dee026adb30

IS0 9370:2017(E)

3.11

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

Note 1 to entry: 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 normal solar radiation

direct solar 1
Note 1 to entr]

3.13
drift
rate of chang

adiation incident on a plane normal (perpendicular) to the solar beam

y: Direct normal solar radiation is measured with a pyrheliometer.

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

stability of the instrument

3.14

field of view
full angle of
aperture

3.15
full width aft
FWHM

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

half maximum

(in a passband) interval between the wavelengths at which'transmittance is 50 % of peak transmit

frequently re

3.16

hemispheri
(on a tilted p
reflected rad

Note 1 to enty
radiation is off

3.17
interferencg
filter that de

Note 1 to enf
transmittancsg

ferred to as the “bandwidth”

ral solar radiation
ane) total of the direct solar radiation incident on a plane surface plus all sky- and gr
iation within the 2m steradian field of view of the surface

y: If the tilt of the plane surface is zero degrees (i.e. it is horizontal), then the hemispherica
ten referred to as global solar radiation or global horizontal radiation.

e filter
fines the speetral composition of the transmitted radiation by the effects of interfere

ry: Most interference filters consist of thin layers of metals and dielectrics, resulting i
over Selected spectral bands.

based

niting

rance,

pund-

Il solar

nce

n high

3.18
irradiance
E

radiant flux per unit area, measured in watts per square metre (W-m-2), incident on a surface

3.19
global solar

irradiance

solar radiant flux, both direct and diffuse, received by a horizontal plane of unit area from a solid angle
of 2m steradians

Note 1 to entry: It is measured in watts per square metre (W-m-2).
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3.20

spectral irradiance

Ex

irradiance per wavelength interval

Note 1 to entry: It is 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

3.22 l
narr¢ow-band
characteristic of interference filters with a full width at half maximum (3.15) of no mere than 20 nm

Note 1 to entry: In narrow-band filters of the same type, the reproducibility of the €entre wavelpength and the
FWHN will normally be within #2 nm.

3.23
passﬁand
(in a bandpass filter) wavelength interval between cut-on and cutoff

Note 1 to entry: See Figure 1.

3.24
peak|wavelength
wavelength at maximum transmittance

Note 1 to entry: The peak wavelength is not necessarily/the same as the centre wavelength (see Figure 1).

3.25
pyrapometer
radiometer used to measure global solarirradiance (or, if inclined, hemispherical solar irradiance)

3.26
pyrheliometer
radiometer used to measure the direct normal solar radiation

3.27
radiant exposure
H
time integral of irradiance

Note 1 to entryalt is measured in joules per square metre (J-m-2).

3.28
radiometer
instrument for measuring electromagnetic radiation, consisting of a detector, any necessary filters and
diffusers, and a signal-processing device

3.29

reference radiometer

instrument used to realize a standard measurement value with respect to a recognized radiation scale
(e.g. the World Radiation Reference spectral irradiance scale) with a stated path of traceability to
recognized standards and a stated measurement uncertainty

Note 1 to entry: A reference radiometer is used only to calibrate other radiometers by comparison, substitution
or another direct relationship.

© IS0 2017 - All rights reserved 5
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3.30

field radiometer

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
spectroradipmeter

instrument for measuring spectral irradiance in narrow-wavelength intervals over a given ‘sp
region as a fiinction of wavelength

bctral

3.33
traceability
ability to relpte the result of a measurement of a property of a standard to stated references, u

sually
national or documents, through an unbroken chain of comparisons that all have-stated uncertainti

1es

3.34
wide-band
characteristic of filters for which the full width at half maximum (3.15)is at least 70 nm

Note 1 to entr)
4 Signifig
4.1 Gener

4.1.1 Expo

: [t typically describes a filter radiometer having a wide passband of, for example, 300 nm to 8

rance and use
al considerations

sure in apparatus using laboratory light sources sometimes requires measurems

irradiance and radiant exposure at specified wavelengths in order to monitor and, if required, ¢

the irradiand
specimen. T

e on a planar surface and/or to define quantitatively the exposure stages of an ex
bpically, measurements/of-radiation in the 290 nm to 400 nm band, or narrow|

measurements with centre wavelengths at, for example, 340 nm or 420 nm, are required. Howe)

contrast to 1
many light sd
do not occur
product degr

4.1.2 Wids
regions of th

atural exposure cenditions, radiation of wavelengths shorter than 300 nm is pres
urces used in acCelerated laboratory tests and is known to cause degradation reaction
in outdoor exposures. In addition, radiation of longer wavelengths can be very import
adation, suehfas colour fade and sensitization of polymer degradation.

-band. filter radiometers may be insensitive to changes that can occur in some sp
e source(s) within the spectral range of the radiometer.

0nm.

bnt of
bntrol
posed
tband
yer, in
bnt in
s that
ant in

ectral

4.1.3 Narrow- and broad-band filter radiometers are insensitive to changes that may occur in the
spectral region of the source(s) outside the spectral range of the radiometer. By measuring several
discrete spectral portions of the radiant source at the same time, changes in spectral balance can be
detected.

4.1.4 Measurements of ultraviolet and/or visible radiation using the instruments and procedures
specified in this document may aid in comparing results from artificial accelerated weathering and
artificial accelerated irradiation exposures with those from natural exposures. When this is done,
comparison should be made in several passbands. Comparing the radiation in a short-wavelength UV
passband is necessary to gauge the relative severity of the exposure and to estimate the risk that the
accelerated test might produce degradation reactions that would not occur in a natural exposure.
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It may not be possible to make a direct comparison of exposure results based on equivalent
radiant exposures if any of the following conditions apply:

the two exposures differ in the spectral distribution of their radiation;

b) the temperatures differ in the two exposures;

‘)

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

4.2.1
(fixed
may i
also i

4.2.2

by enjploying pyranometers and in the total ultraviolet wavelength region (300 nm to 4

other

NOTE
band 1
radior

4.3
refle

4.3.1
exXpos
are T
conce

4.3.2
comp
fitted
as the
radio

NOTE
solar |

Natural weathering — Fixed-angle or equatorial-mount exposure

-angle or equatorial-mount type) using the instruments and procedures spécified in tl
mprove the comparability of exposure tests conducted at different times-in‘a single lo
mprove the comparability of results obtained in different locations with similar climat

Global solar irradiance can be measured in the total solar wavelength range (300 nm

selected wavelength regions of the solar spectrum, by using Suitably filtered radiomet

Historically, many total solar ultraviolet radiation measurements have been made y
adiometer with a response from 295 nm to 385 nm. Tabular data showing typical difference
heters with different passbands are given in Annex A,

cting concentrators

Fresnel-reflecting concentrator.devices use a series of mirrors to focus solar rag

pquired when performing accelerated natural weathering tests employing Fres
ntrators in accordance with recognized standards.

The direct compofient of total solar radiation is measured with a pyrheliometg
pnent of solar ultraviolet radiation is measured using two ultraviolet radiometers, or
with a shading-disk to block direct solar ultraviolet radiation. The direct component i

difference between the readings from the two instruments. The pyrheliometers a
meters mustbe mounted on a sun-tracking device.

Eor.solar concentrating exposures using Fresnel-reflecting concentrators, the direct
adiation is the direct normal solar radiation.

Measurement of total solar and solar ultraviolet radiation for natural weathering exposures

nis document
fation. It may
es.

to 2 500 nm)
0 nm), or in
ers.

sing a broad-
in ultraviolet

Accelerated natural weathering — Selar-concentrating exposures using Fresnel-

iation on an

ure area. Measurements of the direct component of both total solar and solar ultraviglet radiation

hel-reflecting

r. The direct
e of which is
5 determined
1d ultraviolet

component of

4.3.3 For the requirements of recognized standards to be met, it is essential that the field of view of
the radiometers used be approximately equal to that of the Fresnel-reflecting concentrators employed
and that the tracking accuracy of the sun tracker be equal to or better than that of the Fresnel-reflecting
concentrators employed.

4.4 Artificial accelerated weathering and artificial accelerated irradiation

4.4.1 For artificial accelerated weathering and artificial accelerated irradiation exposures,
measurements of ultraviolet and visible radiation using the instruments and procedures described in this
document may aid in improving the reproducibility of these exposures. However, monitoring irradiance
in a single passband is usually not sufficient to detect all differences caused by variation in filter type
or solarization of filters. Changes in radiation caused by filter variation can be detected by monitoring
radiation simultaneously in a short-wavelength passband and a long-wavelength passband.
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4.4.2

Irradiance can be measured in any wavelength region of interest. Because of the greater

sensitivity of polymer materials to ultraviolet radiation, it is the intent of this document to emphasize the
measurement of irradiance and radiant energy in the total ultraviolet region from the short-wavelength
cut-on of the detector (e.g. approximately 300 nm) to 400 nm wavelength, or in selected regions of the
ultraviolet or visible passband.

4.4.2.1

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
measuremen

5 Appars
5.1 Gener

5.1.1 This

a)
b)

spectral
spectral

The perform
listed in Tabl

NOTE
specification,
measurement|

5.1.2 In gg
to varying d
the instrume
temperature

While the instrument performance* data described in Tables 1 and 2 can be considereq

tin order to ensure accurate measurements.

iance in the specimen plane.

jtus
al

Hocument subdivides radiometers into two types:

y non-selective radiometers (see 5.2);

y selective radiometers (see 5.3).

es 1 and 2.

especially for instruments that measure total solar radiation, instruments currently availa
of solar ultraviolet radiation-may not meet all of the performance features listed.

neral, the accuracy)and precision of measurements made by radiometers are af
borees by enviroimental factors such as temperature and wind. It is essential to c
nt for such effects using the manufacturer’s response-correction factors, such as th

with
used

hne. If
red to

hnce characteristics of the radiometerselected shall conform to the appropriate condjfitions

as a
ble for

Fected
brrect
at for
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5.1.3 When it is desired to express the exposure interval in terms of the radiant exposure, the
radiometer shall possess the capability of integrating irradiance with respect to the time of exposure and
displaying 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 | Resolu- St?tbll' Tempera- | Spectral | \ .. Re- |Direction-| Tilt
. y ture sensitiv- . sponse al re-
type tion (per . ity . b
responsea ity time |responseb | sponse
year)
W 2 0 % % % S 0 %
First-class +4 +1 +2 +1 +0,5 <20 — +0,5
pyrhgliometer ’ ’
Firsg-class +5 +1,5 +2 +5 +1 <30 +2 +2
pyraijometer
Secopd-class| 4, +5 +4 +10 +3 260 +3 +3
pyranometer
a Within an interval of 50 °C.
b For the direct component (e.g. beam).

Table 2 — Specifications for spectrally selective radiometers

Instrument property Type of selective radiometer
Narrow- *Broad-band | Wide-band | Spectroradiometer
band

Spectjral 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
Cosinle response (0° to 60° from zenith), % 4 +4 4 +6
deviafion from ideal
Cosigt: response (60° to 80° fromyzenith), % +7 +7 +7 +8
deviation from ideal
Resolution 0,05W-m-2 | 0,10 W-m-2 | 0,20 W-m—2 0,05 W-m-2-nm-1b

per band- per band- per band-

width width width

Expogsed componenttémperature range, out-| -30 to +50¢ | -30 to +50¢ | -30 to +50¢ =30 to +50¢
doory, °C
Non-¢xposed.component temperaturerange,| 25 to 60 25to0 60 25to 60 2p to 60
indodrs, °C
NOTE| CAdditional information about cosine correction is given in EN 13032-1. Cosine correction is necesspry if radiation
incidelnt-oh-the Specimen-comes from-different directions
a This will be determined by the application requirements or the requirements of the exposure test. Consult with the

technical representative of the instrument manufacturer or a person knowledgeable in optical radiometry. Refer to 5.3.4
for details of out-of-band blocking 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 source being measured does not produce radiation in the wavelengths
where leakage occurs.

b For spectroradiometers, this term is more appropriately called spectral resolution. Reliable spectroradiometric
measurements of solar UVB below 303 nm require a spectral resolution of better than 3 yW-m-2-nm-1.

c For many radiometers, the coefficient of thermal response (COT) is not guaranteed by the manufacturer when the
instrument is used at temperatures above 50 °C. A thermistor/resistor shall be replaced to reach a useful life at operating
temperatures greater than 50 °C (usually to 60 °C).

© IS0 2017 - All rights reserved 9
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Table 2 (continued)

Instrument property Type of selective radiometer
Narrow- |Broad-band | Wide-band | Spectroradiometer
band
Maximum temperature coefficient, % per °C 0,1 0,1 0,1
Nonlinearity, all ranges, % 2 2 2
Operating relative-humidity range, % 0to 100 0 to 100 0to 100 0to 100

NOTE
incident on the

Additional information about cosine correction is given in EN 13032-1. Cosine correction is necessary if radiation

specimen comes from different directions.

a This wil
technical repr
for details of o
all radiation o
band leakage ¢

where leakage

b For spe
measurements

c For man|

instrument is
temperatures

bsentative of the instrument manufacturer or a person knowledgeable in optical radiometry. Refér\t

hn be acceptable if the laboratory light source being measured does not produce radiation in the wavelg
ctroradiometers, this term is more appropriately called spectral resolution. Reliable) spectroradio

y radiometers, the coefficient of thermal response (COT) is not guaranteed by‘\the manufacturer wh

pe dcterTIned Dy tie dpplicdtioll TEQUITCITICTILS O tIIE TEqUITCIIICIILS OI'tIIE €Xposure test. LCOIISUIt W

t-of-band blocking requirements. When spectrally selective radiometers are used, their filtersshould
tside the measurement passband in order to avoid the introduction of significant errors. However,

occurs.
of solar UVB below 303 nm require a spectral resolution of better than 3 pyW-m-2-um-1.

sed at temperatures above 50 °C. A thermistor/resistor shall be replaced toreach a useful life at ope
breater than 50 °C (usually to 60 °C).

netric

bn the
rating

th the
5.34
block
ut-of-
ngths

5.2 Non-s

5.2.1 Pyra
class or bettg

5.2.1.1 Wh
essential for
plane of the
accurate ass
should be w
radiation, it
instrument h
an ISO 9060

5.2.1.2 Exj
selective rad
World Radio
instruments d

nometers: A pyranometer of World Meteorological©rganization (WMO) or ISO 9060 s

elective radiometers (see Table 1)

r shall be used.

en solar radiant exposures are required to be measured at a given exposure angle
the plane of the photoreceptor to be fidintained at essentially the same tilt angle
exposure rack (e.g. at 45° at the latitude angle, at 5° horizontal or sun-following
bssment of the radiation incidefit*on an exposure rack, the tilt angle of the radio
thin +2° of the angle of the exposure rack. Also, for accurate measurement of total
is very important that the acceptance angle or field of view of the photoreceptor
e 21 steradians (i.e. 180°).and be cosine-corrected to meet or exceed the requiremer|
second-class instrument:

osure values shall*be expressed in absolute units. It is necessary for a spectrally
iometer (pyranometer) to be calibrated such that the calibration is traceable f
metric Referénce (WRR). For more information, refer to the WMO Guide to meteorol
nd methods of observation.

5.2.2 Pyr}1eliometers: An I[SO 9060 or WMO first-class pyrheliometer shall be used.

bcond

, it is

hs the
). For
meter

solar
bf the
ts for

non-
o the
ngical

5.2.2.1 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 ISO 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 su

ch that the calibration is traceable to the World Radiometric Reference (WRR).

5.3 Selective (UV) radiometers (see Table 2)

5.3.1 The detector shall consist of a sensor, appropriate filter(s) and, if required, a cosine receptor.

10
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5.3.2 Broad-band filters shall have an FWHM greater than 20 nm but generally not exceeding 70 nm.
5.3.3 Narrow-band filters are identified by their CW and shall have an FWHM less than 20 nm.
5.3.4 The total response of the detector is a function of the spectral irradiance received from the

source, the spectral transmittance 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
the blocking region (within 40 nm of the cut-on and cut-off wavelengths) shall not exceed 0,001 % for

narro

5.3.5
comb
deter

5.4

5.4.1
if nec
signa
form

havin
the d4

exterpally using, for example, a spreadsheet application.

5.4.2

6

6.1

6.1.1
sele

d

c
mamjfacturer or by a qualified calibration laboratory or, alternatively, its calibration st

w-band UVB measurements and 0,01 % for broad-band UVA radiometers.

T‘llC pdbbbdlld cdll d}DU ‘UC LUll‘l:l U}}Cd ]U_y ubius LUllllUillcltiUllb Uf fl}tcl D. T}lib cdl
fning long-pass and short-pass filters, i.e. cut-on and cut-off filters. The FWHM and
mined by the filter combinations that are selected.

Recorders and data loggers

The radiant energy converted by the detector into an electrical.résponse shall
essary, and displayed on a suitable meter that has been calibrated to indicate the il
(irradiance) and the integrated signal (radiant exposure) which can optionally be
of a graph. More commonly, the appropriately conditioned-signal is acquired using
b the requisite number of channels. Depending on the ddtavlogger, the signal can be
ta logger to provide the required irradiance and radiantiexposure or it can be stored a

Should the radiometer be subject to drift, means'shall be provided to adjust the zero g

alibration

General

Provision shall be made-for frequent calibration checks of the radiometer by the

be done by
blocking are

be amplified,
hstantaneous
lotted in the
h data logger
processed by
nd processed

nd the range.

pperator. For

ive filter radiometers, thie,radiometer shall be re-calibrated at least once a year by thie instrument

htus shall be

verified by periodic checking against a calibrated reference radiometer whose only function|is to provide
such p reference. ForCpyrheliometers and WMO first- and second-class pyranometers, ije-calibration
by the instrument,manufacturer, a qualified calibration laboratory or internally using |a laboratory
standprd radiometer, in accordance with ISO 9847 or ASTM E816 or ASTM E824, should be ¢arried out at
apprdpriate intervals.

NOTE[1 £ Af{reference radiometer is used only to calibrate other radiometers by comparison, spbstitution or
anotheridirect relationship.

The calibrated reference radiometer shall be provided by the instrument manufacturer or a qualified
calibration laboratory, e.g. accredited according to ISO/IEC 17025.

NOTE
calibr

NOTE

2
ated reference radiometer

3

An ordinary user of weathering instruments is normally able to check their radiometer against a

Unless more frequent re-calibration is indicated by the required checks, ISO 9060 and WMO first-

class pyranometers and pyrheliometers do not normally require re-calibration more frequently than once every
two years.

NOTE

4  For many types of radiometer used for natural exposures (e.g. second-class IS

O 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
radiometers with an accuracy of better than 2 %.

© IS0 2017 - All rights reserved
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NOTE 5

017(E)

cosine law can result in calibration errors.

For UV radiometers, good cosine response is very important because even small deviations from the

Calibration of UV radiometers at the tilt angle is recommended for obtaining the most accurate
measurements.

NOTE 6
ultraviolet to

diffuse ultraviolet.

6.2 Reference and field radiometers

This is especially important when they are used in climates where there is a high ratio of beam

6.2.1 Foroc
the reference
the optical a3

6.2.2 The
approximate
may be nece;s

6.2.3 Calib
Reference (W

6.2.4 Calib|
with ISO 984
shall be in ac

NOTE AS
ISO 9846, but

6.3 Selective reference radiometers

6.3.1 Unle
in accordan

atbratiomroffretdtradionretersusedfortabor atoryexposure-tests; thefretdradionrets
e radiometer shall be mounted such that their photoreceptors surface is perpendicy
is of the radiation source.

reference and field radiometers should preferably be calibrated under. condition
as nearly as possible, to the conditions under which field measurements)are to be m

ration of spectrally non-selective radiometers shall be traceablé)to the World Radiof]
RR).

rate pyrheliometers in accordance with ISO 9059. Calibrate pyranometers in accor
6. The transfer of calibration from reference radiometers to radiometers used in thg
cordance with ISO 9847.

M E816, ASTM E824 and ASTM G167 cover, the*same calibration procedures as ISO 908
include additional information about the uncertainty of calibration and measurement.

s otherwise specified, spectrally selective reference radiometers shall be calil
fe with ASTM G130 by ceniparing their signal to the integrated spectral irrag

r and
lar to

t that
hde. It

sary to use conversion factors in accordance with recommendations by the manufactfirer.

nhetric

dance
b field

9 and

rated
iance

measuremenjts made by a spectroradiometer. Unless otherwise specified, the spectroradiometer sHall be

calibrated infaccordance with ASTM G138.

Integrate th¢ spectroradiometer’data over the defined wavelength range. The passband of the|filter

radiometer shall be in the same wavelength range.

filter
del of

rg—deviees—the—referenee—radiometer—use catibrate
the field radiometer shall be calibrated in the emission region of the radiation source used. Unless
otherwise specified, calibration of narrow- or broad-band reference ultraviolet radiometers with a
spectroradiometer shall be conducted in accordance with ASTM G130. The reference radiometer shall
be calibrated using a radiation source of the same type that will be used for testing and the calibration
shall be conducted using the same test chamber geometry (i.e. 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 Other calibration 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.
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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 Reference [19].

6.4 Selective field radiometers

ive reference

ISO 9847 or
e radiometer
t is essential
tion function
the spectral

6.4.1| For measurement of solar radiation, the transfer of calibration from spectrally seléct
radiometers to spectrally selective field radiometers shall be performed in accordance-with
ASTM E824. In transferring calibration to field radiometers, it is preferable that the referend
is of the same manufacture, type and model as the field radiometer being calibsiated and
that the reference radiometer possesses a cosine response and spectral respanse distribu
essentially identical to that of the field radiometer being calibrated. For, this purpose,
respopnse function furnished by the manufacturer will usually be suitable;

6.4.2
andr

The spectral bandwidth and the response characteristic of the radiometer shall b¢ determined

pported.

6.5 |Other requirements

6.5.1
irradi
radio
be giy
spect

6.5.2
deter
usual

7 P
7.1

7.1.1

By means of the calibration procedure, the radiometer shall indicate the absolj
ance, in W-m-2, for the total hemispherical*radiation measured with spectrally
meters. For spectrally selective radiometers; the absolute value of the irradiance, in
fen in the specified passband. Alternatively, a calibration constant of the form W-m-
Fal ranges stated above can be used.

The cosine response and the temperature response of all radiometers emplo
mined by (or known to and.documented by) the user facility. Manufacturers’ spec
y suitable for this purpose.

rocedure

Natural weathering — Fixed-angle or equatorial-mount exposure

Mount the detector securely and rigidly on a rack or table, with the plane of the p

mou

ted‘in‘a plane parallel to the surface of the specimen being exposed, e.g. at 0° (horizon

ite values of
hon-selective
W-m-2, shall
2.V-1 for the

yed shall be
fications are

hotoreceptor
tal), at 45°, at

the latitGide angle or at some other agreed orientation, to a tolerance of #2°. Ensure that thie radiometer
is mounted at a height above the ground that is not less than the distance from the ground to the half-
height of the exposure rack +5 %.

7.1.2 Follow the procedures described in ASTM G183 for installation, operation and maintenance
of pyrheliometers, pyranometers and radiometers used to measure solar radiation for fixed-angle
exposures.

7.1.3 Record and accumulate the daily total irradiance in order to establish the required exposure levels.
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7.2 Accelerated natural weathering — Solar concentrating exposures using Fresnel-
reflecting concentrators

7.2.1 The direct component of total solar radiation shall be measured using a first-class pyrheliometer
that is calibrated in accordance with recognized standards. Calibration procedures can be found in
ISO 9059 and ASTM E816. Measure the direct component of solar ultraviolet radiation in accordance with
ASTM G90 using a pair of tracking ultraviolet radiometers, one of which is continuously shaded to exclude
the direct component. Calculate the direct component as the difference between the unshaded and the
shaded ultraviolet radiometer. Calibrate the ultraviolet radiometers in accordance with ASTM G130, with
transfer of calibration from reference to field radiometers in accordance with ISO 9847 or ASTM E824.

Alternatively
attachment {
equivalent o1

7.2.2 ltis q
mounted on
basis and sh{

7.2.3 Inspe
of the radion

7.3 Artifi

7.3.1 The

environment
receiver is c
plane parallg
irradiance at|

7.3.2 Depo
surface of t

when opera
surfaces of
those of reflé
equipment nj

7.3.3 Reco
procedure, o

8 Exposy

, a pyrheliometer comparison tube having a 6° field of view can be employed
o the UV radiometer to occlude diffuse (sky) radiation, providing it can be shown
[ superior to the shade disc method.

bssential that the two ultraviolet radiometers provide the same irradiancewalues wh
the same platform. Therefore, they shall be compared with each other-on-at least am
1l be re-calibrated whenever their response differs by more than +2-%:

ct the pyrheliometer’s alignment mechanism at least weekly to ensure that the field o
leter accurately subtends the sun’s disc.

fial accelerated weathering or artificial accelerated irradiation

letector can be mounted beside the test specimiens if it is designed to operate in sy
in which case it is highly desirable that it be;mounted such that the plane of the dets
b-planar with the surface of the test specimens. If the plane of the receptor is n
| to that of the test specimens, the radigmeter’s response shall be adjusted to indic
the specimen distance and in the plane of the specimens.

sits of moisture or evaporated ‘solids on lamp filters, reflecting surfaces and the

receptor will influence the\radiometric measurement. It may be necessary, partic
ing at high temperature (o1 high humidity, to clean these surfaces daily. Clean the
he receptor with a soft\(e.g. muslin) cloth moistened in alcohol. For other surface

anufacturer.

rd irradiancé<at intervals determined by mutual agreement or as specified by the exp
[, in lieu ef'either, at daily intervals.

e report

Zte the

as an
to be

bn Cco-
nthly

[ view

ch an
ctor’s
in a

outer
ularly
glass

5 (e.g.

ctance standards),use a cleaning agent and the cleaning procedure recommended by the

osure

The exposure report shall include the following information:

a)

the spectral radiant exposure, in joules per square metre per nanometre of passband (J-m-2:-nm-1),

or the radiant exposure, in joules per square metre (J-m-2), for the specified wavelength range;

b)

the spectral irradiance, in watts per square metre per nanometre of passband (W-m-2:-nm-1), or the

irradiance, in watts per square metre (W-m~2), for the specified wavelength range when used to
control the exposure in laboratory tests;

the elapsed time necessary to accumulate the radiant exposure;

the manufacturer of the radiometer used and the model;

the dates of exposure if natural weathering or solar concentration exposures were carried out;
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f) ifrequested, the procedure used for calibration of the selective reference radiometer;
g) ifrequested, the procedure used for calibration of the spectroradiometer;

h) the date of the last calibration.
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Annex A
(informative)

Comparison of typical wide-band UV radiometers

For all practical purposes, a radiometer with a Gaussian-like response having a significantly low
responsivity at 295 nm wavelength is not capable of detectlng changes in spectral 1rrad1ance at
wavelengthspbetow T ' }5 nm
0 nm
under noontfime, mid- latltude clear-sky conditions at normal incidence to the sun. Table\A.1 shows
ration
of the radiometer used. Table A.2 shows how measured total UV irradiance for a yeqr at a
n vary depending on the calibration wavelength of the radiometer used.

wavelength
single site ¢

Table A.1 —{Hemispherical irradiance measurements, in W-m-2, near solarnhoon using different
broad-band UV radiometers
Solar time (Julian day) and site Irradiance (W-m-2) Ratio Y/X | Ratio Z/Y | Ratilo Z/X
X Y VA
(295 nmto | (315nmto | (300Am to
385 nm) 400 nm) 400 nm)
12:58 (J51), New River, Arizona 41,95 52,86 53,97 1,260 1,021 1,287
11:00 (J52), West Phoenix, Arizona 39,97 50,50 51,61 1,263 1,022 1,291
13:11 (J176), New River, Arizona 49,35 60,46 62,29 1,225 1,030 1,258
Table A.2 — Radiant exposure measured for a one-year period
Location and period of measurement Radiant exposure (M]-m-2) Ratip
X Y VA
(approx. 295 nm | (approx. 315 nm | (approx.300 nm
to 385 nm) to 400 nm) to 400 nm)
Choshi (Japan), 30° south, 1992 229,37 — 287,01 1,251 (4/X)
Choshi (]aparh, horizontal, 2001 — 294,88 308,45 1,046 (4/Y)

NOTE

produce diffefent results.

16

Different spéctral responses of broad-band radiometers measuring in the same passband can also
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