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Introduction

Defining periods of natural or laboratory 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 outdoor exposure in terms of
total solar radiation has been shown to be useful for comparing results for
exposures conducted at different times at the same location. However, it is
also necessary to monitor solar ultraviolet radiation and the ultraviolet
radiation produced by laboratory light sources used in exposure tests.

Two approaches to the measurement of ultraviolet radiation are commonly
used. The first is to use a physical standard, i.e. to expose a reference
material which shows a change in property in proportion to the dose of
incident UV radiation. The preferred approach is to use a radiometer which
responds to the ultraviolet. This International Standard deals with this
approach. Ity recommends important «characteristics for the instruments
used and provides a guide for the selection and use of these radiometers.
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Plastics — Instrumental determination of radiant exposure
in weathering tests — General guidance and basic test method

1 Scope

1.1 This International Standard specifies methods for the instrumental measurement of
irradiance on a planar surface. This includes both natural and simulated natural exposure
testing.

1.2 Instrumental techniques include the continuous measurement of total solar and spectral

solar irradiance (with emphasis on the ultraviolet wavelength region), and the
accumulation (or integration) of instantaneous data to provide a total radiant exposure
(dosage).

1.3 Exposure in apparatus using artificial light sources sometimes requires measurement of
irradiance and radiant exposure at specified wavelengths in order to monitor and, if
required, contrel the irradiance on,a planar, sutface and/or to define quantitatively the
exposure stages of an-exposed specimen. Typically, measurements of radiation in the
290 nm to 400 nm band, er.narrow-band measurenients with centre wavelengths at, for
example, 340 nm or 420 nm, are required. However, in contrast to natural exposure
conditions, radiation of wavelengths shorter than 300 nm is present in most light sources
used in laboratory accelerated tests, and is known to cause rapid degradation in many
polymers. In‘addition, radiation of longer wavelengths can be very important in product
degradation such as colour fade. Therefore, it may be very useful to monitor short-
wavelength radiation of less than 300 nm and long-wavelength radiation at wavelengths
greater than 400 nm.

14 This International Standard daes not specify procedures using blue wool standards,
chemical actinometry, monochromators or polymeric and other film dosimetry.

NOTE 1 This should not be construed to imply that such techniques are
undesirable. Efforts are under way in several countries to develop
polymeric dosimeters for this purpose.

NOTE 2 Monochromators are usually used in spectroradiometric systems where
high-resolution precision scanning of a passband is required.

1.5 The total solar and solar ultraviolet radiation measuring instruments described in this
International Standard can be used in the following exposure tests:

a) Natural exposure tests
Measurement of total solar and solar ultraviolet radiation using the instruments and
procedures specified in this International Standard will 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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However, comparison of results from exposures in different locations must also
consider the effects of temperature, moisture and other climatic factors on the type
and rate of product degradation as well as the level of solar radiation.

NOTE 3 While the instrument performance data described in tables 1 and 2 may
be considered as a specification, especially for instruments that measure
total solar radiation, instruments currently available for measurement of
solar ultraviolet radiation may not meet all of the performance features
listed.

b) Comparison between natural exposure and laboratory accelerated tests
Measurements of ultraviolet and/or visible radiation using the instruments and
procedures specified in this International Standard may aid in comparing results from
artificial accelerated tests with those from natural exposure. 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. The intensity and spectral distribution of
the radiation used in accelerated tests is only one factor in determining the
comparability of results obtained in natural exposures. One must also consider
temperature, moisture and other climatic factors (notably pollution effects) when
making these comparisons. Because of differences between a material's response to
increased radiation levels and possible differences in temperature and/or moisture,
and the possibility of pollution effects in natural exposure tests, "acceleration factors"
relating timé 'infan ‘@cceleratedtest'to timé’in.a hatural exposure based on comparison
of radiation intensities should never be used.

c) Accelerated exposure tests with laboratory light sources
Measurements of ultraviolet.and visible radiation using the instruments and pro-

cedures described in this International Standard may aid in improving the
reproducibility of accelerated tests using laboratory light sources. 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. Generally, it is best to monitor
radiation in both a short-wavelength passband as well as a long-wavelength passband
to detect changes in radiation due to filter variation. This is essential to ensure
improved reproducibility between laboratory accelerated exposure tests.

2 Normative references

The following standards contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All standards are subject to revision, and parties to agreements
based on this International Standard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below. Members of IEC and
ISO maintain registers of currently valid International Standards.

ISO 877:1994, Plastics — Methods of exposure to direct weathering, to weathering using
glass-filtered daylight, and to intensified weathering by daylight using Fresnel mirrors.

ISO 9059:1990, Solar energy — Calibration of field pyrheliometers by comparison to a
reference pyrheliometer.

ISO 9060:1990, Solar energy — Specification and classification of instruments for
measuring hemispherical solar and direct solar radiation.
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ISO 9846:1993, Solar energy — Calibration of a pyranometer using a pyrheliometer.

ISO 9847:1992, Solar energy — Calibration of field pyranometers by comparison to a
reference pyranometer.

WMO Guide to meteorological instruments and methods of observation, No. 8.

Definitions
For the purposes of this International Standard, the following definitions apply:

blocking
Ability of a filter to reject or not transmit radiation outside the intended
passband, usually expressed as a fraction or percentage of the incident radiation.

broad band
A relative term generally applied to interference filters with an FWHM between 20 nm and
70 nm.

centre wavelength
Ccw
The wavelength at the midpoint of the FWHM interval (see figure 1).

cosine receptor

A radiation-transferring device ‘that'samples-radiant flux according to the cosine of the
incident angle and that collects all radiation incident in 2r steradians (i.e. in a
hemisphere) using, for example,-an’integrating sphere or a plane diffuser.

cut-off wavelength

The wavelength at which the transmittance has decreased to 5 % of the peak
transmittance when the transition is from the peak transmittance to the long-wavelength
blocking region (see figure 1).

cut-on wavelength

The wavelength at which the transmittance has increased to 5 % of peak transmittance
when the transition is from the peak transmittance to the short-wavelength blocking
region (see figure 1).

detector
A photoreceptor that converts incident radiation into an electrical signal for the purpose of
determining the intensity of the radiation.

full width at half maximum

FWHM

In a passband, the interval between the wavelengths at which transmittance is 50 % of
peak transmittance, frequently referred to as the "bandwidth" (see figure 1).

interference filter
A filter that defines the spectral composition of the transmitted energy by the effects of
interference.

NOTE 4 Most interference filters consist of thin layers of metals and dielectrics,
resulting in high transmittance over selected spectral bands.
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Figure 1 — Diagram illustrating definitions used to describe bandpass filters

irradiance

E

The radiant flux per unit area, measured in watts per square metre (W.m'z), incident on a
surface.

global solar irradiance
The solar radiant flux, both direct and diffuse, received on a horizontal plane unit area

from a solid angle of 2r steradians, measured in watts per square metre (W.m'2).

spectral irradiance
E

A
The radiant flux per unit area per wavelength interval, measured in watts per square
metre per nanometre (W.m2.nm™).

long-pass filter

A filter that transmits wavelengths longer than the cut-on wavelength 4, while rejecting
shorter wavelengths, and characterized by a sharp transition from minimum to maximum
transmittance.

narrow band

A relative term which applies to interference filters with an FWHM of no more than 20 nm.
In narrow-band filters of the same type, the reproducibility of the centre wavelength and
the FWHM should be within +2 nm.
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3.15 passband
In a bandpass filter, the wavelength interval between cut-on and cut-off (see figure 1).

3.16 peak wavelength
The wavelength at maximum transmittance. Not necessarily the same as the centre
wavelength (see figure 1).

3.17 pyranometer
A radiometer used to measure global solar irradiance (or, if inclined, hemispherical solar
irradiance).

3.18 pyrheliometer

A radiometer used to measure the direct component of solar irradiance on a surface
normal to the sun's ray.

3.19 radiant exposure
H
The time integral of irradiance, measured in joules per square metre (J.m?).

3.20 radiometer
An instrument for measuring electromagnetic radiation, consisting of a detector and a
signal-processing device.

3.21 short-pass filter
A filter that transmits wavelengths/shorter thanthe cutzon wavelength A, while rejecting
longer wavelengths, and,characterized by a sharp.transition from maximum to minimum
transmittance.

3.22 spectroradiometer
An instrument for'measuring'radiometric. quantities in ‘narrow‘wavelength intervals over a
given spectral region as a‘function'of wavelength.

3.23 wide band
A relative term which applies to interference filters or to combinations of long- and short-
pass filters for which the full width at half maximum is at least 70 nm. In wide-band filters
of the same type, the reproducibility of the centre wavelength and full width at half
maximum should be within £2 nm.

4 Principle of method
41 General considerations
411 The ageing behaviour of materials varies with the spectral distribution of the irradiance

and the selective absorption characteristics of the material. When selecting a radiometer,
it is important to consider both the spectral distribution of the radiation from the light
source and the wavelengths that are primarily responsible for producing degradation in
the material of interest. The performance characteristics of the radiometer selected shall
conform to the appropriate conditions listed in table 1 and table 2.

4.1.2 Wide-band filter radiometers may be insensitve to changes that may occur in some
spectral regions of the source(s) within the spectral range of the radiometer.
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4.3

4.3.1

4.3.1.1

4.3.1.2

4.3.2

Narrow- or broad-band filter radiometers may be 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.

When spectrally selective radiometers are used, they shall block all radiation outside the
measurement passband in order to avoid the introduction of significant errors.

Natural exposure test — Fixed-angle or equatorial-mount type

Global solar irradiance may be measured in the total solar wavelength range

(290 nm to 2500 nm) by employing pyranometers, and in the total ultraviolet wavelength
region (290 nm to 400 nm), or in other selected wavelength regions of the solar spectrum,
by using suitably filtered radiometers. Historically, many total solar ultraviolet radiation
measurements have been made using a broadband radiometer with a response from 285
nm to 385 nm.

It is essential for the plane of the photoreceptor to be maintained coplanar with the plane
of the exposure rack (e.g. at 45°, latitude angle, 5°, horizontal or sun-following) for which
solar radiation is being measured. For accurate measurement of total solar radiation, it is
very important that the photoreceptor angle or field of view of the instrument be 2r
steradians and be cosine-corrected to meet or exceed the requirements for an ISO 9060
second class instrument. This is also very important for instruments used to measure
solar ultraviolét radiation.

Exposure values shall be’expressed in‘absolute units. It is necessary for a spectrally non-
selective radiometer to be calibrated such that the calibration is traceable to the World
Radiation Reference (WRR).

Spectrally selective filter radiometers'shall’beé calibrated based on the spectral irradiance
of a lamp which is traceable to a national standard.

Accelerated exposure — Laboratory light source

The irradiance may be measured in any wavelength region of interest. Because of the
sensitivity of polymer materials, it is the intent of this International Standard to emphasize
the measurement of radiant energy in the total ultraviolet region from the short-
wavelength cut-on of the detector (e.g. < 300 nm) to 400 nm wavelength, or in selected
bandpass regions of UV or visible radiation.

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 po-
sitioned for measurement in order to ensure accurate measurements.

When the light source consists of multiple lamps, it is preferable to use a detector
equipped with a cosine receptor which is positioned in the plane of the exposed
specimens.

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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4.4 Determination of radiant exposure

When it is desired to express the exposure interval in terms of the radiant exposure, the
radiometer needs the capability to integrate the irradiance with respect to the time of
exposure, and to display the result at periodic intervals.

If materials are exposed to two or more sources that differ in the spectral distribution of
their radiation, it may be impossible to monitor the radiant exposure that will be effectively
equivalent for use in direct comparison of results. In many instances, rather than serving
as a dosimeter, the radiometer may be useful only to monitor the performance of the light
source. A narrow-band filter radiometer may be suitable for this application.

Apparatus

5.1 General
This International Standard subdivides radiometers into two types:
— Spectrally non-selective radiometers (see 5.2)
— Spectrally selective radiometers (see 5.3)
5.2 Non-selective radiometers (see table 1)
5.2.1 Pyranometers
A pyranometer of ISO 9060 second class or better shall be used.

5.2.2 Pyrheliometers

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 1SO'9060 first cldss insttliment. This typé 'of instrument is required for the
measurement of radiation on‘Fresnel-reflector outdoor accelerated-weathering
machines (see I1SO 877).

5.3 Selective radiometers (see table 2)

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

5.3.1.1 Broad-band filters shall have an FWHM greater than 20 nm but generally not exceeding
70 nm. (Narrow-band filters usually have an FWHM less than 20 nm.)

5.3.1.2 Narrow-band filters are identified by their CW and shall have an FWHM less than
20 nm.
NOTE 5 Since the total response of the detector is a function of the spectral

distribution of the radiation from the source, the spectral transmittance of
the filter and the spectral response of the sensor, it is important that there
be full blocking of unwanted radiation. This may require that the
transmittance of the filter in the blocking region (that is, wavelengths that
are 40 nm smaller than the cut-on wavelength and 40 nm larger than the
cut-off wavelength) does not exceed 0,001 % (10™ or 5 absorbance units)
for narrow-band UV-B measurements or 0,001 % for broad-band UV-B
measurements and is better than 0,01 % for broad-band UV-A
measurements.
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