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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.
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Introduction

The International Organization for Standardization (ISO) draws attention to the fact that it is claimed
that compliance with this document may involve the use of patents concerning temperature control
described in 7.3

ISO takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO that he/she is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In

this respect, the statement of the holder of this patent right is registered with ISO. Information may be
obtaied from:

[tlas Material Testing Technology LLC
htellectual Property

5601 North 47th Avenue

hoenix, Arizona 85087, USA

o B e Bl

Attertion is drawn to the possibility that some of the elements of thissdocument may be the subject of
patent rights other than those identified above. ISO shall not be held-responsible for identifying any or
all such patent rights.
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Plastics — Methods of exposure to solar radiation —

Part 3:

Intensified weathering using concentrated solar radiation

1 conea
JYEeope

This document specifies a method for exposing plastics to concentrated solar radiation using reflecting

conc¢ntrators to accelerate the weathering processes. The purpose is to assess [props
produiced after specified stages of such exposures. The reflecting concentrators usedin thes
are spmetimes referred to as “Fresnel reflectors” because in cross-section the\array of mir
conc¢ntrate the solar radiation resembles the cross-section of a Fresnel lens:

Genefal guidance concerning the scope of the ISO 877 series is given in S0 877-1.

NOTEH Additional information about solar concentrating exposures, including a partial list of
which they are specified, is given in the Bibliography.

2 ormative references

rty changes

e exposures
rors used to

standards in

The following documents are referred to in the text\ih such a way that some or all of their content

consfitutes requirements of this document. For dated references, only the edition cited

applies. For

undated references, the latest edition of the referéhced document (including any amendments) applies.

ISO 877-1, Plastics — Methods of exposure to'solar radiation — Part 1: General guidance

ISO §77-2, Plastics — Methods of expesure to solar radiation — Part 2: Direct weathering gnd exposure

behind window glass

ISO 4892-1, Plastics — Methodsof exposure to laboratory light sources — Part 1: General guidlance

ASTM G90, Standard Pragctice for Performing Accelerated Outdoor Weathering of Nonmeta
Using Concentrated Natural Sunlight

ASTN G179, Standard)Specification for Metal Black Panel and White Panel Temperature Device
Weathering Tests

3 Terms-and definitions

No tarms and definitions are listed in this document

lic Materials

s for Natural

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

— IEC Electropedia: available at http://www.electropedia.org/

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

4 Principle

This document describes a method for performing accelerated weathering on plastics using intensified

solar radiation. General guidance is given in [SO 877-1.

© ISO 2018 - All rights reserved
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5 Apparatus

5.1 General requirements
Refer to ISO 877-1 for general requirements.

All requirements for the solar concentrating device, operation of the device and measurement of the
solar radiation within the specimen exposure area shall be in accordance with ASTM G90. See Figures 1
and 2 for schematic diagrams of the two types of test apparatus.
1 12 1314 9 10 2

\ 0 \

A O \

11

/\%

Key

1  air plenuym 6  mirror 11 clutch disc for elevation drive
2 air blowqr 7  gear box 12 solar cells with shadow hat

3 rotor asspmbly 8 mastfer manual elevation adjustment 13 specimen protection dooj

4 air defleqtor 9 cairtlow switch 14 door release mechanism

5 A-frame @assembly 10~ ‘water spray nozzles

Figure 1,—Schematic diagram of test apparatus with single-axis tracking
and manual elevation adjustment

2 © ISO 2018 - All rights reserved
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1 jir plenum 7  gear box for elevation drive 13 solar cells with[shadow hat
2 ir blower 8  control box 14 specimen protection door
3 rptor assembly 9  gear boxfor azimuth drive 15 door release m¢chanism
4 thrntable assembly 10 air flow switch 16 air deflector
5  A-frame assembly 11 water spray nozzles
6  mirror 12, clutch disc for elevation drive
Figure 2 — Schematic diagram of test apparatus with dual-axis tracking
5.2 | Apparatus formeasurement of climatic factors
Referf to [SO 8771
6 Test specimens
Refer+to156-877-t
NOTE When irregularly shaped specimens are used, air flow and specimen cooling can be adversely affected.

In addition, irradiance will not be uniform on all surfaces of a shaped specimen.

7 Exposure conditions

7.1 Orientation of mirrors

For specific information on the orientation of the mirrors, refer to ASTM G90.

© ISO 2018 - All rights reserved
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7.2 Exposure site

Fresnel-reflecting solar concentrating devices operate most effectively at locations that receive at
least 3 500 h of sunshine per year and where the average daytime relative humidity is less than 30 %.
ASTM G90 provides requirements for the exposure site’s average ratio of direct solar radiation to global
normal solar radiation.

NOTE

In regions that receive 3 500 h of solar radiation and where the average daytime relative humidity is

less than 30 %, the average ratio of direct solar radiation to global normal solar radiation is at least 0,75. Areas
that meet these criteria have a minimum diffuse component of solar radiation (sky radiation). The use of reflecting
solar concentrator dev1ces in reglons of moderate to high diffuse solar irradiance will substantlally reduce the

result in scat
hemispheric
is shown in F|
diffuse solar
accordance W

7.3 Temp

Solar concer
for most ma
if an identid
incidence at

If more prec
the tempera

the air tempgrature or the temperature indicated by a remote'sensor may be monitored and used
input to confrol the specimen temperature. If used, reportthe controlled temperature and any obs¢
deviations i the test report.

Use of this
concentratir
degradation

Unless other
shall be con
specified, if
constructed

NOTE If

by a black-panel thermometérander typical exposure conditions.

Temperatur
parties, heaf
so, the meth

ering of the direct component of solar radlatlon so that ultraviolet radiation is scatteredcn

| sky dome and is not available to be focused by the mirrors on to the specimen target board.

gure 3. In addition, the use of reflecting solar concentrator devices in regions of moderate t
rradiance can give different stability rankings for materials compared to exposunes conduc
ith ISO 877-2 because of the differences in UV radiation.

erature control

trating devices are equipped with a blower to cool the specimefis.'Specimen tempera
ferials are typically 10 °C higher than the maximum temperature which would be red
al specimen was exposed directly to solar radiation (withoeut concentration) at nc
the same time.

ise control of specimen temperature is required, thetemperature of a black or white [
ure of a black or white standard thermometer, the’temperature of a particular spec

ethod of temperature control may produce results that are not equivalent to typical
g exposures and may require longer radiant exposures to produce the same amoy

wise specified, if measurement of black- or white-panel temperature is required, the p

measurement of blaek--or white-standard temperature is required, the panels shj
and maintained in@ceordance with ISO 4892-1.

h black-standardtemperature is used, the temperature indicated will be higher than that ind

es during the night-time are typically not controlled. If agreed upon by the inter
sources placed behind the specimens may be used to control night-time temperatuj
pd ttsed to control night-time temperatures shall be included in the test report.

structed, calibrated and‘\maintained in accordance with ASTM G179. Unless other
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7Y

7

Lol AMNVNN

Key

1  dir plenum (end view) 5  mirror bed

2 specimen target board a  Centre of gravity and rotation.

3 tpstspecimen b Direct component of solar radiation.

4  flat mirror ¢ Diffuse component of solar radiation (sKy radiation).

Figure 3 — Reflecting mechanism in a solar concentrating device

7.4 |Irradiance level

Measurement of total solar radiation and solar ultraviolet radiation for the determinatign of radiant
exposure ncing solar r‘nnr‘nnfrah'ng exposures isdescribed in ASTM G90_The irradiance ay be varied
by changing the number of mirrors used in the device. This will also change the specimen temperature.
Any modifications to the exposure conditions to modify the irradiance in the exposure area, as well as
the method used to calculate or measure the modified irradiance level, shall be completely described in
the test report.

These modifications will change the time necessary to produce the same radiant exposure in devices
using all mirrors, and may not produce an equivalent result for the same radiant exposure.

© IS0 2018 - All rights reserved 5
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8 Exposure stages

8.1 General

Since the amount of solar radiation is one of the most important factors in the deterioration of plastics
during weathering exposure, exposure stages shall, unless otherwise specified, be defined in terms
of total solar radiant exposure, solar UV radiant exposure or solar UV radiant exposure in a narrow

passband.

8.2 Solar

radiant exposure

8.2.1 Gui(llance for selection of the exposure stage

For guidancg

 in selecting the exposure stage, Table 1 shows the average annual total solapradiatio

solar ultravipolet radiation for sites in southern Florida and in the central Arizona desent-This datd

be used as a
305 MJ]/m? {
exposure in

Table 1 — A
ata tilt ¢

h “equivalent standard year” for setting desired exposure stages (e.g. ail exposure stg
otal solar UV from 295 nm to 385 nm could be used to simulate a one-year latitude-
southern Florida conducted in accordance with ISO 877-2:2009, method A).

angle equal to the latitude angle in southern Florida andthe central Arizona desei

h and
| may
ge of
hngle

verage annual total solar and total solar ultraviolet radiation’for exposures conducted

t

Average annual radiant exposure attilt angle equal to site latitude

Solar UV radiation

Location Total solar radiation (295 nm to 385 nm)
MJ/m2 MJ/m2
Southern Florida 6 310 305
Central Arizgna 8240 340

NOTE Tr
radiometers

result in rec
determined W

se of

hditionally, UV radiometers measuring from 295 nm to 385 nm have been used. The {
vith a different measurement response (for example, radiometers that measure to 400 n
rded UV radiant exposures that are up to 25 % to 30 % higher than the UV radiant ex
rith radiometers that only measure up to 385 nm. See ISO 9370:2017, Annex A for more infor

about the diffferences in measured total.solar UV radiation between total ultraviolet radiometers that

differences in

The degree
both the ma
is time-of-ye
accumulate

8.2.2 Inst|

long-wavelength UV measurement cut-off.

bf acceleration for-eXposures conducted in accordance with this document is depend¢
ferial formulatiertand the time of year. The ultraviolet content of terrestrial solar radi
ar dependent) TFherefore, exposures started in the fall or winter months will take long
the specifiédradiant exposure than exposures started in the spring or summer.

ruméntal measurement of solar radiant exposure

EE)
ation

can
sure

have
nt on

ation
rer to

Refer to ISO

77-1 for gpnprn] gnid;mr‘p

8.2.2.1 Total solar radiant exposure

Refer to ASTM G90.

8.2.2.2 Radiant exposure in specified wavelength intervals

Refer to ASTM G90.

© ISO 2018 - All rights reserved
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9 Procedure

9.1

Mounting of test specimens

-3:2018(E)

For general information regarding the mounting of the test specimens, refer to ISO 877-1. Orient
specimens so that the surfaces to be exposed face the mirrors of the solar concentrating device.

Mount the test specimens in a suitable test frame such that a minimum of any test specimen is covered

by th

e clamping fixture used.

For unbacked exposures, mount the framed specimens approximately 5 mm off the target board, with

the th[ surtaces Iacmg The mirrors. Position the specimens Such that clearance is maintail

the afir-delivery slot and the frame. Adjust the machine’s air deflector to provide a clear;

10 m

For i
with

M to 14 mm between the exposed surfaces of the specimens and the air deflecterlip.

hsulated, backed exposures, mount specimens in specimen holders withy the specin
an insulating, water-resistant material (such as 12-mm-thick exterior plywood).

For Jolar concentrating exposures, the total specimen thickness (including any backij

shall
back

9.2

be limited to ensure adequate cooling. The maximum thickness, of the specimen or sy
ng material shall therefore be 13 mm.

Mounting of reference materials (if used)

Refer] to ISO 877-1. The same requirements as described4n’9.1 apply to the mounting of 3

refer

9.3

bnce materials.

Climatic observations

Referf to ISO 877-1.

9.4

9.4.1
Cond

9.4.2

Selec

Exposure of test specimens

General

uct all exposures and.maintain the solar concentrating device in accordance with AST]

Exposure cycles

t the exposure-cycle according to the amount of water spray desired from the cycles

Tablqg 2.

9.4.3

Testing under glass

hed between
ince of from

nens backed

1g material)
ecimen plus

pecimens of

M G90.

described in

Whe

cycte 3isused fortesting specimens bettind glass, the characteristics of the glass used shall be as

given in ISO 877-2. In addition, when under-glass exposures are used, the air flow across the specimen
exposure area shall be set as high as possible in order to prevent unrealistic temperatures of the
specimens exposed behind the glass. Finally, the transmission of the glass used shall be included in the
test report.

© ISO
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Table 2 — Water spray cycles used with Fresnel-reflecting concentrators

Cycle No. Description
1 8- min spray, 52 min dry (during irradiation) plus three night-time sprays of 8 min dura-
tion (at 21:00 h, 24:00 h and 03:00 h)
2 3 min spray, 12 min dry (from 19:00 h to 05:00 h only, i.e. no daytime spray)
3 No spray
Other Other spray cycles may be used as agreed upon between the interested parties

— cycle No. 1

NOTE Typical uses of the cycles are as follows:

: testing most plastics specimens;

cycle No.
sheet, etc.;

— cycle No.
water collecto

D: testing plastics specimens having an initially high gloss, such as automotive lens materials, trahsy

: testing under glass, testing plastics-laminated glass, fade-only tests and testing inner coyvers.of solajr hot-
r's.

arent

10 Expres

10.1 Detern

Changes in
procedures

10.2 Clima

10.2.1 Gen

The general
supplementsg

10.2.2 Tem

Refer to ISO

10.2.3 Reld
Refer to ISO

10.2.4 Levd

sion of results

mination of changes in properties

the properties of interest should preferably be detesmined in accordance with
ind test methods (see ISO 4582).

tic conditions and observations

eral

description of the climate at the exposufe site by class, type and special conditions sh
d by the following detailed observations.

perature

877-1.

tive humidity

877-1.

ls (values) of exposure stages

For determi
or UV radia

%t exposure in a narrow passband, in joules per square metre, of the test specimens

ing.exposure levels, compute the solar radiant exposure Hg, total solar UV radiant expad

1 1SO

1l be

sure,
using

FavalREat d Patall

the followin

S THqtTTIoT

N
Hy :Mpssz
1

where
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