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g

Standard Practice for

Operating Xenon Arc Light Apparatus for Exposure of Non-

Metallic Materials'

This standard is issued under the fixed designation GI35. the number immediately following the designation indicates the year of
ariginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the vear of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. ?
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1. Scope*

1.1 This practice covers the basic principles and operating
procedures for using xenon arc light and water appara
intended to reproduce the weathering effects that occur wh
materials are exposed to sunli either direct or through
window glass) and moisture, de%m tual use. This

practice is limited to rei laining, measuring,
and controlling con ! id‘ re. A
procedures are liste m.;iﬁ

number of exposure
ppendix; however, this practice
does not speci ﬁé&posum conditions best suited for the
material to be t&sted.

Nore 1—Practice G151 deseribes performance criteria for all exposure
devices that use laboratory light sources. This practice replaces Practice
G26, which describes very specific designs for devices used for xenon-are
exposures. The apparatus described in Practice G26 is covered by this
practice,

1.2 Test specimens are exposed to filtered xenon arc light
under controlled environmental con Differ pes of
xenon arc light sources and w&ﬁ&lmm are
described. ﬁ’d‘g- .5'551}

1.3 Specimen preparati ﬁuatlun of the results are
covered in ASTM r spec1 fications for specific
materials. General gtﬂhﬁce is given in Practice (G151 and 150
4892-1. More specific information about methods for deter-
mining the change in properties after exposure and reporting
these results is described in Practice DS870.

1.4 The values stated in SI units are to be regarded as

standard. No other units of measurement are included in this
standard.

q.t

mlmtlee G03 on Weathering
iy of Subcommitee GIOAN3 on

5
1.5 This standard does not purport fﬂ%ﬁ aeﬁ;ﬂ
safety concerns, If any, mmua‘zg\ YN is the

! This practice is under the jurisdiction nfﬁl
and Durability and is the direct
Simulated and Controlled Exposure

Current edition approved June 1, 2013, Published August 2013, Originally
approved in 1997, Last previous edition approved in 2005 as G135 —{15a. DOI;
L0 S208C0 1 55-13.

“"1'.5

1.4% r.-':c swser of this standaid to establish appro-
pri ty fma' health practices and determine the applica-
¥ o_;’ regulatory limitations prior to use.
1.5.1 Should any ozone be penerated from the operation af
the lamp(s), it shall be carvied away frinm the tesi specimens
and operating personnel by an exhaust systent.

1.6 This practice is technically similar to the following ISO
documents: 150 4892-2, [SO 11341, ISO 105 BO2, IS0 105
B4, ISO 105 BOS, and 105 BOG.

2. Referenced "1'.'I-""IE
2.1 ASTA% g,;fﬂﬁ‘
D3980 Pract Interlaboratory Teﬂtlng of Paint and

Rel ﬂﬁmah {(Withdrawn 1998)°
[@ CllCE for Calculating Property Retention Index of

lastics

E6Y1 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

G26 Practice for Operating Light-Exposure Apparatus
(Xenon-Arc Type) With and Without Water lor Exposure
of Nnnmctu]hc Materials %{:{mtmuc{ 2000 (With-
drawn 2000y*

G113 Terminolo, & .and Artificial Weath-
ering Tests of agw‘ terials

(151 Practice for B Nonmetallic Materials in Accel-
erated Te: s that Use Laboratory Light Sources

22 CIE Sta am’s.

CIE-Publ. No. 85: Recommendations for the Integrated Ir-
radiance and the Spectral Distribution of Simulated Solar
Radiation for Testing Purposes’

* For referenced ASTM standards, visit the ASTM website, www.astim.org. o
contact ASTM Customer Service af services@asinmuorg. For Anmual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

*The lust approved version of this historcal standard is referenced on
WWWASIINLOCE,

1 Available from American National Standards Institwte, 10 W, 42d 5t, 153th
Floor, New York, NY 10036).

#*A Summary of Changes section appears at the end of this standard

Copyright 2 ASTM Internalional, 100 Barr Harbor Orive, PO Box G700, Wes! Conshohocken, PA 15428-2059. Uiniled States



Ay G155 -13

2.3 International Standards Organization Standards:

ISO 1134 Paint and Varnishes—Adtificial Weathering Expo-
sure o Artificial Radiation to Filtered Xenon Arc Radia-
tion”

IS0 105 BO2 Textiles—Tests for Colorfastness—Part BO2
Colorfasiness 1o Artificial Light: Xenon Arc Fading Lamp
Test®

IS0 105 BO4 Textiles—Tests for Colorfastness—Part BO4
Colorfasiness o Artificial Weathering: Xenon Arc Fading
Lamp Test®

IS0 105 BOS Textiles—Tests for Colorfastness—Part B0OS
Detection and Assessment of Photochromism®

ISO 105 BO6 Textiles—Tests for Colorfastness—Part BO6
Colorfastness to Artificial Light at High Temperatures:
Xenon Arc Fading Lamp Test”

150 4892-1 Plastics—Methods of Exposure to Laboratory
Light Sources, Part 1, General Guidance®

IS0 4892-2 Plastics—Methods of Exposure to Lahnmto
Light Sources, Part 2, Xenon-Are Sources”

i c-ere §mn ards:
otive Interior

ﬂd Irradiance Xenon-

Trim Compo
Arc Appamt@a '1'-
SAE J2527 Acctle mpnsure of Automotive Exterior

Mdtendls a Cuntrclle-d Irradiance Xenon-Arc Ap-

paratus ﬂ'ﬁ

3. Terminology

2.4 Society of Automotive En
SAE 12412 Accelerate

3.1 Definitions—The definitions given in Terminology
G113 are applicable to this practice.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 As used in this practice, the | sunligh ]{_.. identical
to the terms daviieht and solar w:
defined in Terminology Gl

5 they are
s

4.1 Specimens EXfosed 1o repetitive cycles of light and
moisiure under controlled environmental conditions.

4.1.1 Moisture is usvally produced by spraying the test
specimen with demineralized/deionized water or by condensa-
tion of water vapor onto the specimen.

4, Summary of Practi 1;1\-

4.2 The exposure condition may be varied by selection of:
4.2.1 Lamp flter(s),

4.2.2 The lamp’s rradiance level, fﬁ-ﬁ
4.2.3 The type of moisture expos

4.2.4 The timing of the ligh Rﬂu ﬂ"&l«urc
4.2.5 The temperature of 1i '%

4.2.6 The temperature of poaurc and

4.2.7 The timing of a lw ark cycle.

* Available from American National Standards Institute (ZANST), 23 W, 43nl 51,
dth Floor, New York, NY 10036, hupdwww.ansiorg Avatlable from American
Natonal Standards Instwte (ANSLL 25 W, 43rd S1., 4h Fleor, New York, NY
10H136,

* Available from SAE Intermational (SAE L 400 Commonwealth Dr., Warrendale,
PA 15096-0001 . htp:ifarww.saeone.

o

aed

4.3 Comparison of results obtained from specimens exposed
in the same model of apparatus should not be made unless
reproducibility has been established among devices for the
material to be tested.

4.4 Comparison of results obtained from specimens exposed
in different models of apparatus should not be made unless
correlation has been established among devices for the material
to be tested.

5. Significance and Use

5.1 The use of this apparatus is intended to induce property
(.h.a.ng% assggiated with the end use conditions, including the
ﬁ re. and heat. These exposures may

' ntroduce moisture to the test specimen,
5 q2’{:#. intended to simulate the deteriordtion caused
&ﬁ%ﬁ] weather phenomena. such as atmospheric
ution, biological attack, and saltwater exposure.
Alternatively, the exposure may simulate the effects of sunlight
through window glass. Typically, these exposures would in-
clude moisture in the form of humidity,

Nome 2—Caution: Refer to Practice G151 for full cautionary guidance
applicable 10 all laboratory weathering devices,

5.2 Variation in re
conditions are v @h
Thercihlt,ﬁn
this practic¢ lesy
specific Qper
StLlIUI‘I&E
!H:l!' It is recommended that a similar material of known
performance (a control) be exposed simultaneously with the
test specimen to provide a standard for comparative purposes.
It is best practice to use control materials known to have
relatively poor and good durability. 1t is recommended that at
least three replicates of each material evaluated be exposed in

each test o allow for staris icz %‘uatmn ::-{g:sults

6. Apparatus .“t,'!h

6.1 Laboratory E}} —T‘lle light source shall be one

OF MOre guarts xenun arc lamps which emit radiation
from below lQﬁjhnm in the ultraviolet through the visible
spectrum and into the infrared. In order for xenon arcs to
simulate terrestrial daylight, filters must be vsed to remove
short wavelength UV radiation. Filters to reduce irradiance at
wavelengths shorter than 310 nm must be used to simulate
daylight filtered through window glass. In addition, filters to
remove infrared radiation may be used to prevent unrealistic
heating of test specimens that can cause thermal degradation
not experienced during outdoor exposures.

6.1.1 The following factors can affect the spectral power
distribution of filiered xenon arc light sources as used in these
apparatus:

6.1.1.1 Differences in the composition and thickness of
filters can have large effects on the amount of short wavelength
UV radiation transmitied.

6.1.1.2 Aging of filiers can result in changes in filicr
transmission. The aging properties of filters can be influenced

ay be expected when operating
‘ﬁncﬂ limits of this practice.

adf: to results from the use of
lpamed by a report detailing the
ndmnm in conformance with the Report
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TABLE 1 Relative Uitraviolet Spectral Power Distribution
Specification for Xenon Arc with Daylight Filters™®

TABLE 2 Relative Uliraviolet Spectral Power Distribution
Specification for Xenon-Arc with Window Glass Filters™®

Speciral Bangpass Minimum Benchmark Solar Maximum
Wavelength i in nm Percent®  Radiation Percent™ 5"  Percent™
& =290 018
200 = & = 320 26 5.8 T.a
320 < ) = 360 283 40.0 40.0
360 < & = 400 54.2 54.2 67.5

A Data in Table 1 are the radiance In the given bandpass expressed as a
parcantage of the 1otal kradiance from 290 1w 400 nm. The manufaciurer iz
responsible for determining conformance fo Table 1. Annex A1 states how to
determine relative spectral rradiance.

¥ The data in Table 1 are based on the rectangular integration of 112 speciral
power distributions for water and air cooled xenon-arcs with daylight filters of
various lots and ages. The spectral power distribution data is for filters and
xenon-bumaers within the aging recommendations of the device manufacturer. The
minimum and maximum data are at least the three sigma limits from the mean for
all measurements,

EThe mimmum and maximum columns wil nat necessarity sum to 100 % because
they represent the minimum and maximum for the data used. For any individual ﬁ
spectral power distnbution, the calculated percentage tor the bandpasses iqﬁg

1 will sum to 100 %, For any individual geron-lamp with daylight filtars
calculated percentage in each bandpass must fall within the minimum and
maximum limits of Table 1. Test rel n be exp fo differ between
EXpOSUTES USING xenon arnc devi e er distributions differ

by as much as thal allowe rahc ct the manulacturer of the
xenon-are devices h;ﬁ' tral&ﬁ
I ri

Istribulion data for the xenan-are
and filters used.
1a is defined in ASTM G177 and s for

P The benchmark sal *h:"'
atmospharic cond altitude chosen to maximize the fraction of shorl

wavelength sol data is provided for comparizon purpases anly.

E Previous versidng of this standard used solar radiation data Irom Table 4 of CIE
Publication Mumber 85. See Appendix X4 for more information comparing the
solar radiation data used in this standard with that for CIE 85 Table 4.

F For the benchmark solar spectrum, the UV iradiance (290 to 400 nm) is 9.8 %
and the visible iradiance (400 to 800 nm] is 90.2 % expressed as a percentage of
the total iradiance from 290 to BOO nm. The percentages of UV and visible
imadiances on samples exposad in xenon arc devices may vary due to the number
and reflectance properties of specimens being exposed.

S
2 ﬁﬁ-mﬂ‘
by the composition, Aﬁ’ ‘ msul{ in a significant
reduction in the short xw
&

UY emission of 4 xenon
hurner. a

6.1.1.3 Accum{mlgn of deposits or other residue on filters
can effect filter transmission.

6.1.1.4 Aging of the xenon burner utself can result in
changes in lamp output. Changes in lamp output may also be
caused by accumulation of dirt or other residue in or on the
burner envelope,

6.1.2 Follow the device manufacturer’s instructions for
recommended maintenance.

6.1.3 Spectral Irradiance of Xen:a i gﬁ’n&'m
Filters—Filers are used to filter e 1ssions n
a simulation of terrestrial sunl@, “& al power distri-

bution of xenon arcs with n qﬂ;}:-agcd filters™® shall
comply with the require g&cciﬁed in Table 1.
6.1.4 Spectral Irradianke of Xenon Arc With Window Glass

Filters—Filters are used to filter xenon arc lamp emissions in

T Ketola, W, Skogland, T., Fischer, R., “Effects of Filter and Burner Aging on the
Spectral Power Distribution of Xenon Arc Lamps,” Dauvabiliny: Testing of Non-
Metallic Marerials, ASTM STP 1294, Rohert Herling. Bditor, ASTM, Philadelphia,
1595,

* Searle, N. D., Giesecke, P, Kinmonth, R, and Hiry, R, C., " Ultravioler Speciral
Dhstrbutions snd Aging Characteristics of Xenon Arcs and Filters,” Appited Oprics,
Vol. No. 8, 1964, pp. 923-927.

Window Glass Filtered

Spectal Bandpass fdinimum et Maximum
e Solar Radiation P
Wavelangth & in nm Percent Parcent® EF Percent
b« 300 0.0 0.29
00 =A=1320 o1 =05 28
320 =3 = 360 238 34.2 35.5
G600 « i = 400 g25 653 76.1

“Data in Table 2 are the imadiance in the given bandpass expressed as a
percentage of fhe total irradiance from 300 to 400 nm. The manufacturer is
responsible for determining conformance to Table 2. Annex A1 states how to
detarming relative spectral irradiance.

2 are based an the rectangular integration of 36 spectral power
rco air cocled xenon-arcs with window glass filters
e spectral power distribution data is for filters and
e aging recemmendations of the device manufacturer. The
Aximum data are at least the three sigma limits from the mean for
ents,

i
Tek
[ & minimum and maximum celumns will not necassarly sum to 100 % because

they represent the minmmum and maximum for the data used. For any individual
spectral power distribution, the calculated percentage for the bandpasses in Tabla
2 will sum fo 100 %, For any individual xenon-lamp with window glass fiters, the
caleulated percentage in each bandpass must fall within the minimum and
maximum fimits of Table 2, Test results can be expected lo differ between
EXposUres Wsng xenon arc devices in which the speciral power distributions differ
by @s much as thal allowed by the lolerances. Contact the manufacturer of tha
xenon-arc devices for specific spectral power distribution data for the xenon-arc
and filters usad.

FThe windew glass lilter:
conditiens and altit

UV (defined in ) Tha
transmission rag
as part of a r

I8 for
Imij

solar spectrum with atmospheric
fraction of shorl wavelength solar
n fitered by window glass. The glass
s of single strength window glasses testad
ASTM Subcommittee G3.02.7 While thiz data is
provided fmmnml' IOk purposes only, it is desirable for a xenon-arc with window
glass ﬁnea % = a spectrum that is a close match to this window glass fittered

50 1

£ ﬁmus versions of this standard used window glass fittered solar radiation data
based on Table 4 of CIE Publication Number 85. See Appendix X4 for more
informatien comparing the solar radiation data used in the standard with that for
CIE 85 Table 4.

F For the benchmark window glass filtered solar spectrum, the UV irradiance (300
to 400 nm) is 8.2 % and the visible irradiance (400 to 800 nm) is 91.8 % expressad
as a percentage of the total irradiance from 300 10 800 nm. The percentages of UV

and visible imadiances on samples exposed in xenon arc devicas with window
glass filters may vary dug 1o the numbsr ance rties of spacimens
wi

being exposed, and the UV trans filters used,
RN o
ﬁ “\'51'1
et ™

a simulation wht filtered through window glass.*Table 2
shows the relative spectral power distribution limits for xenon
arcs filtered with window glass filters. The spectral power
distribution of xenon ares with new or pre-aged filters shall
comply with the requirements specified in Table 2.

6.1.5 Specrral Irradiance of Xenom Are With Extended UV
Filrers—Filter that transmit more short wavelength UV are
sometimes used (o accelerate test result, Although this type of
filter has been specified in some tests, they transmit significant
radiant energy below 300 nm (the typical cut-on wavelength
for terrestrial sunlight) and may result in aging processes not
oceurring outdoors. The spectral tradiance for a xenon arc
with extended UV filters shall comply with the requirements of
Table 3.

*Kewnla, W.. Bobbins, 1. 8. UV Transmission of Single Swenath Window
Glass.” Aceeleruied wnd Quidoee Durainlite Testing of Crpanie Maveriols, ASTM
STe 202, Warren 1D, Ketola and Douglas Grossman, Editors, ASTM, Philadelphia,
1993,
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TABLE 3 Relative Ultraviolel Spectral Power Distribution
Specification for Xenon Arc with Extended UV Filters™*

Spectral Bandpass Minimum Benchmark Solar hMaximum
Wavelenath 4 in nm Percent® Radiation Percent™®"  Pamcent®
250 = ), =200 0.1 0.7
200 = ) = 320 5.0 5.8 1.0
320 <} =360 323 40.0 a7a
360 < , = 400 52.0 54.2 620

AData jn Table 3 are the iradiance in the given bandpass expressed as a
percentage of the fofal iradiance from 250 to 400 nm. The manufaciurer is
responsible for determining confermance 1o Table 3. Annex A1 states how to
determine relative spectral irradiance.

#The data in Table 3 are basad on the rectangular integration of 81 spactral powar
distributions for water cooled and air cooled xenon-arcs with extended UV filters of
varipus lots and ages. The spectral power distnbuticn data is for fillers and
xenon-bumers within the aging recommaendations of the device manufacturer. The
minimum and maximum data are at least the three sigma limits from the mean for
all maasurements,

© The minimum and masimum columns will nat necessarity sum to 100 % because
they represent the minimum &nd maximum for the data used, For any individual
spectral power distribution. the calculated percentage for the bandpasses in Table
3 will sum to 100 %. For any individuz| genon-arc lamp with extended UV filters,
the calculated percentage i erch bandpass must fall within the minimum and

maximum limits of Table 3. Test resulls can be expected to ditter haﬂmﬁ

axposuTas Using xenon arc devicas in which the spaciral power distnbutions
by as much as thal allowed by the lolerances, Conlact the manulacturer of the

xenon-are devices for spacific spectral istribution E for the xenan-are
and fillers used.

©The benchmark solar radiafi ﬁs

atmospharic conditions \

wavelanght solar UV. Thi
E Previous versions ol this stal

ASTM G177 and s for

c i maximize the fraction of shorl
pﬁm comparison purposes anty.

ed solar radiation data from Table 4 ol CIE
Publication Mumber 85, ppendix X4 for mora informatlon comparing the
solar radiation dal in the standard with that for GIE BS Table 4.
F For the benchmalk solar spectrum, the UV irmadiance (290 to 400 nm) is 9.8 %
and the visible imadiance (400 to 800 nm) s 90.2 % expressed as a percentage of
the total iradiance from 290 to BO0 nm. Tha percentages of UV and visible
iradiances on samples exposed in xenon arc devices may vary due to the number
and reflectance properties of specimens being exposed,

6.1.6 The actual irradiance al the lester’s qpecimen plune is

apphied to each, and the dist
and the xenon burner, 1f
the bandpass in which it ‘ d.

6.2 Test Chamber— ﬁi«wn of the test chamber may
vary, but it should constructed from corrosion resistant
material and, in addition to the radiant source, may provide for
means of controlling temperature and relative humidity. When
required, provision shall be made for the spraying of water on
the test specimen, for the formation of condensate on the
exposed face of the specimen or for the immersion of the test
specimen in water.

6.2.1 The radianon source(s) shall be locate th respegidp
the specimens such thar the irradiance, ¢ i ace

bpcl..ll]'ldl'lb
m‘adunm, and

complies with the requirements i

6.3 Instrument Calibration— &ﬂ'andarduatmu and
accuracy, the instruments ass ﬁ_ﬁ jith the exposure appa-
ratus (that is, timers, lhermﬂiﬁrs, wet bulb sensors, dry bulb
sensors, humidity sensors, UV sensors, radiometers) reguire
periadic calibration to ensure repeatability of test resulis.
Whenever possible, calibration should be traceable to national

or international standards. Calibration schedule and procedure
should be in accordance with manutacturer’s instructions.

6.4 Radiometer—The use of a radiometer to monitor and
control the amount of radiant energy received at the specimen

S

ﬁ & the form of water spray, condensation, immersion, or
g

is recommended. If a radiometer is used, it shall comply with
the requirements in Practice ASTM G151.

6.5 Thermometer—Either insulated or un-insulated black or
white panel thermometers may be used. Thermometers shall
conform to the descriptions found in Practice G151, The type
of thermometer used, the method of mounting on specimen
holder. and the exposure temperature shall be stated in the test
report.

6.5.1 The thermometer shall be mounted on the specimen
rack so that its surface is in the same relative position and
subjected to the same influences as the test specimens.

6.5.2 Some specifications may reguire chamber air tempera-

sitioning and calibration of chamber air tem-

ﬂwﬁn accordance with the descriptions
W

#¥e

The test specimens may be Expnu:d to maois-

1gh humidity.

6.6.1 Water Spray—The test chamber may be equipped with
d means to introduce intermittent water spray onto the front or
the back of the test specimens, under specified conditions. The
spray shall be uniformly distributed over the specimens, The
spray systemn shall be made from corrosion resistant materials
that do not contaminale qater employed.

6.6.1.1 Quality, ; %5 and Immersion—Spray
waler must, Ui E below 5 pSfcm, contain less
than Irppm' 5, .@'ﬂ e no observable stains or deposits
on the ‘.pem tﬁEry low levels of silica in spray waler can
causge aﬁl ant deposits on the surface of test specimens,

A@sﬁ:u!d be taken to keep silica levels below (0.1 ppm. In
addition to distillation, a combination of deionization and
reverse osmosis can effectively produce water of the required
quality, The pH of the water used should be reported. See
Practice G131 for detailed water guality instructions.

6.6.1.2 Condensation—~A ﬂpray system designed to cool the
specimen by spraying the b fm.e of i@ specimen or
specimen substrate mu e exposure pro-
gram specifies pcr' ndel

6.6.2 Reiau've u m test chamber may be
equipped with a measure and control the relative
hurmdity, Suuﬁh nﬁmwn{s shall be shielded from the lamp
radiation.

6.6.3 Water Immersion—The test chamber may be equipped
with & means to immerse specimens in water under specified
conditions, The immersion svstem shall be made from corro-
sion resistant materials that do not contaminate the water
employed.

6.7 Specimen Holders—Holders for test specimens shall be
made from corrosion resistant materials that will not affect the
test results. Corrosion resistant alloys of aluminum or stainless
steel have been found acceptable. Brass, steel, or copper shall
not be used in the vicinity of the test specimens.

6.7.1 The specimen holders are typically. but not
necessarily, mounied on a revolving cylindrical rack thai is
rotated around the lamp system at a speed dependent on the
type of equipment and that is centered both horzontally and
vertically with respect to the exposure area.
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6.7.2 Specimen holders may be in the form of an apen
frame, leaving the back of the specimen exposed, or they may
provide the specimen with a solid backing. Any backing used
miay affect test results and shall be agreed upon in advance
between the interested parties.

6.7.3 Specimen holders may rotate on their own axis. When
these holders are used. they may be filled with specimens
placed back to back. Rotation of the holder on its axis
alternately exposes each specimen to direct radiation from the
xenon burmer.

6.8 Apparatus to Assess Changes in Properties—Use the
apparatus required by the ASTM or other standard that
describes determination of the property or properties being
monitored.

7. Test Specimen
7.1 Refer to Practice G151.

8. Test Conditions
8.1 Any exposure condifi may be %31 as long as the
exact conditions are Qcﬁ%.he :e‘(m Appendis X1 lists
some representag L E‘Swdhns. These are not neces-
mendation 1s 1mplied. These

sarily preferr %
»{iﬁl or reference only.
i

conditions are

9. l’nmeﬁﬂﬁ

9.1 ldentfy each test specimen by suitable indelible
marking, but not on areas to be used in testing.

9.2 Determine which property of the test specimens will be
evaluated. Prior 1o exposing the specimens, guantify the
appropnate properties in accordance with recognized interna-
tional standards. If required (for example, destructive testing),
use unexposed file specimens ¢ iptify the property. See
Practice D570 for detailec eV

9.3 Mounting of Hite ach the specimens to
the specimen holders tpiment in such a manner that
the specimens are nn?ﬁﬁ to any applied stress. To assure
uniform expuau itions, fill all of the spaces, using blank
panels of corrosion resistant material il necessary.

Note 3—Evaluation of color and appearance changes of exposed
materials must be made based on comparisons to unexposed specimens of
the same material which have been stored in the dark. Masking or
shiclding the face of test specimens with an opague cover for the purpose
of showing the effects of exposure on one panel is not recommended.
Misleading results may be obtained by this method. since the masked

portion of the specimen is still exposed 1o lempu:rmﬁ:d humld{gﬂm

in many cases will affect resolts,

9.4 Exposure to Test Conditign.
conditions to operate comlrf@ﬂ
number of repetitive cycles,

throughourt the exposure,
and to inspect specime

: eIeLled test
out the required
ain these conditions

tions fo service the apparatus
Shall be minimized.

9.5 Specimen Repositioning—Periodic repositioning ol the
specimens during exposure is not necessary if the irradiance at
the positions farthest from the center of the specimen area is atl
least 90 % of that measured at the center of the exposure area.
[rradiance uniformity shall be determined in accordance with
Practice G151,

9.5.1 If irradiance at positions farthest from the center of the
exposure ared is between 70 and 90 % of that measured at the
center, one of the following three techniques shall be used for
specimen placement.

9.5.1.1 Periodically reposition specimens during the expo-
sure period to ensure that each receives an equal amount of
radiant exposure. The repositioning schedule shall be agreed
upon by all interested parties.

9.5.1.2 Place specimens only in the exposure area where the
irradiance is at least 90 % of the maximum irradiance.

9.5.1.3 To compensate for test varability, randomly position
rcpli-::ar.e 5 ‘1m¢ns within the exposure area that meets the
llT“dd mm irements as defined in section 9.5.1.

Ryl it 15 necessary Lo remove a test specimen
Mﬁ;ﬂﬁﬂ take care not to handle or disturb the

Idu. After inspection, the test specimen shall be

ﬂ.e- mmed to the test chamber with its test surface in the same

orientation as previously tested,

9.7 Apparatus Maintenance—The test apparatus requires
periodic maintenance to maintain uniform exposure conditions.
Perform required maintenance and calibration in accordance
with manufacturer’s instructions.

9.8 Expose the teg menb for the specified period of
eXpOsure. Sec Gfther guidance.

a0 A[ﬁl lg‘?[ww.ure quantify the appropriate
properties

e with recognized international stan-
dards a.nd,_x:ﬁ the results in conformance with Practice
ot

Mo 4—Periods of exposure and evaluation of test resulis are
addressed in Practice G151,

10. Report
10.1 The test report shall Lunform to Practice G151.

11. Precision and Bia iﬂe‘:\‘*&
1.1 Prct.'fxfwg\%" 1';1&

11.1.1 The re mpmducihilily of results ab-
tained in exposur ILle according to this practice will
vary with %rlala being tested, the material property
being mt:.asured and the spex.lhc test conditions and cycles that
are used, In round-robin studies conducted by Subcommittee
G03.03. the 60° gloss values of replicate PVC tape specimens
exposed in different laboratories using identical test devices
and exposure cycles showed significant variability, The vari-
ability shown in these round-robin studies restricts the use of
“absolute specifications” such as requiring a specific property
level after a specific exposure period.

I1.1.2 1f a standard or specification for general use requires
a definite property level after a specitic time or radiant
exposure in an exposure test conducted according to this
practice. the specified property level shall be based on results
obtained in a round-robin that takes into consideration the
variability due to the exposure and the test method used to
measure the property of interest. The round-robin shall be
conducted according to Practice E6Y1 or Practice D3980 and
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shall include a statistically representative sample of all labo-
ratories or organizations who would normally conduct the
exposure and properly measurement.

11.1.3 If a standard or specification for use between two or
three parties requires a definite property level after a specific
time or radiant exposure in an exposure test conducted accord-
ing to this practice, the specified property level shall be based
on statistical analysis of results from at least two separate,
independent exposures in each laboratory. The design of the
experiment used o determine the specification shall take into
consideration the variability due to the exposure and the test
method used to measure the properly of interest.

11.1.4 The round-robin studies cited in 11.1.1 demonsirated =

that the gloss values for a series of matenals could be ranked
with a high level of reproducibility between laboratories, When
reproducibility in results from an exposure lest cund{tﬂﬁ

e

tf“

ﬂ"ﬂ

Al.l Conformance to the relative spectral power distribu-
tion tables is a design parameter for xenon-are source with the
different filters provided. Manufacturers of equipment claiming
conformance to this standard shall determine conformance to
the spectral power distribution tables for all lamp/filter com-
binations provided, and provide j ation opyfaintenance
procedures to minimize any.s & that may occur
during normal use. 5"

wer distribution data for this
standard were d u‘.ing the rectangular integration
technique. Eq AR 1s used to determine the relative spectral
irradiance using rectangular integration. Other integration tech-
niques can be used to evaluate spectral power distribution data,
but may give different resulis. When comparing relative
spectral power distribution data 1o the spectral power distribu-
tion requirements of this standard, use the rectangular integra-

tion technique.
ﬂp =|rc
ble 3,

50 nm o 400

Al.2 The relalivc speg

Al.3 To determine whether a specifi
device meets the requlrementq of
measure the spectral power

nm. Typically, this is done .1:
uipment cannol measure

facturer’s spectral measu % ;
wavelengths as low nm, the lowest measurement

wavelength must be repurlc,d The lowest wavelength mea-

(Mandatory Information for Equlpmen% il

according to this practice have not been established through
round-robin testing, performance requirements for materials
shall be specified in terms of comparison (ranked) to a control
material, The control specimens shall be exposed simultane-
ously with the test specimen(s) in the same device. The speciﬁc
control material used shall be agreed upon by the concerned
parties. Expose replicates of the test specimen and the control
specimen so that statistically significant performance differ-
ences can be determined.

11.2 Bias_-Bias cannot be determined because no accept-

ahle s %cathgﬂigcfurcncc maierials are available.
)

YWO

4 ) e
Imclemted; accelerated weathering; durability; expo-
. laboratory weathering; light; lightfastness; non-metallic
materials; temperature; ultraviolet; weathering; xenon arc

ANNEX

&Em}'[lNING CONFORMANCE TO RELATIVE SPECTRAL POWER %RIBUTION TABLES

il
sured shall Ewﬁgreater than 270 nm. For determining
u:mfor to the relative spectral irradiance requirements
Qénon-are with extended UV filters, measurement from
_.5[] nm to 400 nm is required. The total irradiance in each
wavelength bandpass is then summed and divided by the
specified total UV irradiance according to Eq Al.1. Use of this
equation requires that each spectral interval must be the same
(for example, 2 nm) throughout the spectral region used.

v L
i ?v*’“‘

i =
where ﬂhﬂ
= rela[iv?\i'rradiance in percent,
= jrradiance at wavelength #; (irradiance steps must be
equal for all bandpasses),

A = lower wavelength of wavelength bandpass,

B = upper wavelength of wavelength bandpass,

C = lower wavelength of total UV bandpass used for calcu-
lating relative spectral irradiance (290 nm for daylight
filters, 300 nm for window glass filters, or 250 nm for
extended UV filters). and

A, = wavelength at which irradiance was measured.

{Al.1)
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APPENDIXES

(Nonmandatory Information)

X1. APPARATUS WITH AIR-COOLED XENON ARC LAMPS

X1.1 This test apparatus uses one or more air-cooled xenon
arc lamps as the source of radiation, Different type and
different size lamps operating in different waltage ranges may
be utilized in different sizes and types of apparatus,

X2. APPARATUS WITH WATER- &@NMAMPS

X2.1 The test apparatus uses a water-cooled xenon arc lamp

as the source of radiation. Different size lamps oeraunw

different wattage ranges may be utilized in different sizes

types of apparatus.
ﬁ' lF"n:nf a xenon burner

X2.2 The xenon-ar
tube, an inner fil ‘;‘ﬁﬂ an outer glass filter, and
ﬁ“‘
aet

ﬂ;ﬂ

X3.1 Any exposure conditions may be used, as long as the
exact conditions are detailed in the report. Following are some
representative exposure conditions. These are not necessarily
preferred and no recommendation is implied. These conditions
are provided for reference only (see Table X3.1).

Nore X3.1—These exposure conditiogs brief su ﬁm\ of the

actual exposure procedures. Consult i [ or material
specification for detailed operagin i 1 edures. Historical
convention has established: ? ommeonly used exposure
cycle, Other cycles may giv ation of the effects of outdoor

exposure. Cycle 3 has been exterior grade textile materials. Cycle
4 has been used for i fistics, Cyeles 5 and 6 have been commonly
used for indoor textilé materials. Cyele 7 has been used for automotive
exterior materials. Cycle 8 has been used for automotive interior compo-
nents.

Nore X3.2—Cycle 7 corresponds 1o the test cycles specified in SAE
J2527. Cycle 8 corresponds to the test cycles specified in SAE 12412,
Consult the appropriate test procedure for detailed cycle descriptions,
operating instructions, and o description of the filters used in this
application. The filter system specified in these procedures is characterized

in 6.1.4.
Nore X3.3—More complex cycles may be Progeamiries i n
T :ﬁmﬂn of
&3 Condenshlion may bhe
w%n, rear side of the

with dark periods that allow high relative
condensate at elevated chamber te T
pmdl.u,cd on the face of the :spu,lrn%;)
specimens to cool them below the de;
Nore X3.4—For special t operating femperature may be
desirable, but this will mr_'re,a_ endenq, for thermal degradation to

adversely influence the test results,
Note X3.5—Surface temperature of specimens is an essential test
quantity. Generally, degradation processes accelerate with increasing

X3. EXPOSURE CONDITIONS

X1.2 The radiation system consists of either one or more
xenon-arc lamps, depending on the type of apparatus. A
heat-absorbing system may be used.

S

'{'nh:ewdry accessories. To cool the lamp, distilled or

ﬁﬂemmmd water is circulated over the burner tube and then

directed out of the lamp between the inner and outer glass
filters.

"'ﬁ- ﬁ“ﬁﬁ

temperature. The_s n temperature permissible for the accelerated
test depewﬂ: material 1o be tested and on the aging criterion under

cons|

WXS.ﬁ—The relative humidity of the air as measured in the test
chamber 1s not necessarily equivalent to the relative humidity of the air
very close to the specimen surface. This is because test specimens having
varying colors and thicknesses may be expected to vary in emperature,

X3.2 Unless otherwise specified. operate the apparatus to
maintain the operalional fluctuatigns specified in Table X3.2
for the parameters in l.1hﬁ, If lh al operating

e’ m

conditions do not ag % qtllingq after the
equipment has suﬁ SCOp!

l e test and correct the
cause of the disag

'E contmumg

Nome X3.7—Set peratmna! fluctuations could either be
listed independe L.E'LLJ'I uLhcr or they could be listed in the format:
Set point = operitional fluctuations. The set point is the target condition
Tor the sensor used at the operational control peint as programmed by the
user. Operational fluctuations are deviations from the indicated set point at
the control point indicated by the readout of the calibrated control sensor
during equilibrium operation and do not include measurement uncertainty.
Al the operational control point, the operational Auctuation can exceed no
more than the listed value at equilibrium. When a standard calls for a
particular set poinl, the user programs that exact number. The operational
fluctuations specified with the set point do not imply that the user is
allowed 1o program & sel point higher or lower than the exact set point
specified..

X3.3 For conversion of test cycles from G26 to G155 see
Table X3.3.
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TABLE X3.1 Common Exposure Conditions

Cycle Filter Irradiance Wavelength Exposure Cycle
1 Daylight 0.35 Wilm®. nm) 340 nm 102 min light &t 63°C black panel lemperature
18 min light and water spray (air temp, not controlled)
2 Daylight 0.35 W/im?. nm) 340 nm 102 min light at 63°C black panal temperature
18 min light and water spray (air temp. not controlled) repeated nine times for
a total of 18h;
followed by 6 h dark at 95 (+4.0) % RH, at 24°C black panel temperature
3 Daylight 0.35 Wi{m?. nm) 340 nm 1.5 h light, 70 % RH, at 77°C black panel temperature
0.5 h light and water spray (air temp. not controlled)
4 Window Glass 0.30 WM™ nm) 340 nm 100 % light, 55 % RH, at 55°C black panel temperature
5 Window Glass 1.0 WHm?. nm) 420 nim 102 min light H, at 63 ack panel temperature
i8 min‘_ri Sp mp. not controlled)
6 Window Glass 1.10 Wim@. nm) 420 nm %ﬂ ﬁﬂﬂ *C black panel temperature
rl"ii‘ﬁ at 43 ° C black panel temperaturs
7 Extended LV 0.55 W/{m?.nm) 340 nm ﬁﬂgm 50 % RH, at 70 (+2) °C black panel temperature and 47 (£2) °C
amber air temperature
‘hh‘ 20 min light and water spray on specimen face
60 min light, 50 % AH, at 70 (+2) °C black panel temperature; and 47 (£2) "C
L._:. chamber air temperature
'E-ﬁ B0 min dark and water spray on specimen front and back, 95 % RH, 38 (+£2)
“C black panel temperature and 38 (+2) “C chamber air temperature
TA t‘ﬂﬂ ¥{m=.nm) 340 nm 40 min light, 50 (£5.0) % RH, at 70 {+2) "C black panel temperature and 47
-“1\ {=2) “C chamber air temperature
i\_ 20 min light and water spray on imen face;
ﬁg‘ 60 min light, 50 % AH, at 70, mck pangl temperature; and 47 (=2) "C
ﬁﬂ chamber air temperatul
B0 min dark and on's| ﬂ.ﬁnlanﬁ back, 95 % RH, 38 (=2)
“C black panel jure ar*a? “C chamber air temperature
8 Extended UV 0.55 Wim-nm 340 nm 3.8 h light, 50 %:48H, black panel temperature and 62 (£2) °C
chamber air tempazaty
1.0 h dark, " at 38 (+2) °C black panel temperature and 38 (£2) °C
charml perature
8 Daylight 180 Wim? 300-400 nm 102 min light at 83°C black panel temperature
18 min light and water spray (temperature not controlled)
10 Window Glass # “Lﬁuo—emn nm 100 % light, 50 % RH, at 89°C black panel temperatura
1 Window Glass .« 420 nm Continuous light at 63°C black panel temperaturs, 30 % RH
12 340 nm 18 h consisting of continuous light at 63°C black panel temperature 30 % RH

TABLE X3.2 Operatidub!

Daylight Ei »{{fﬁlﬂ" ¢

lé'l.rt:tlt.m.tl-::ms on Exposure Conditions

Parameter

Maximum Allowable Deviations from
the Set Point at the Control Paint

Indicated by the Readout

of the

Calibrated Control Sansor
Dwring Equilibrium Operation

Black Panel Temperature
Chamber Air Temperature

Relative Humidity

Irradiance {monitored at 340 nm)
Irradiance {monitored at 420 nm)
Irradiance {monitored at 300-400 nm)

+2.5°C
+2°C

=10 %

+0.02 W/ {m? nm)

£2 Wimpys, #' Eﬁtﬁ

+0.02 W/ (m?

1"""}

aﬂ*“"l

& h dark at 80 % RH, at 35"C chamber air temi.emture

PR 5"‘

naﬂ‘

W

oW
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TABLE X3.3 Conversion of Test Cycles from G26 to G155

G256 Test Cycle Description for

Corresponding Test Cycle In G155

G26, Method A — Continuous light with
intarmittent water spray

The following test cycle is the only spe-
cific condition described

102 min light only {uninsulated black
panel temparature at 63 = 3°C

18 min light + water spray
The type of fitter and realtive humidity
during the light period are not specified

-hhﬂ

ﬁ%ﬁﬁt

ae*™

Three cycles in G155, Table X3,1 use
continuous light and the sama water
spray limes as the conditions described
In G286, Method A

Cycle 1 uses daylight filters with 340
nm irradiance controlled at 0.35W/
m#inm (the suggested minimum 340
nim irradiance for daylight fiters in G26,
Mathod A}

Cyele 5 uses window glass filters with
%4-2[) nm jance controlled at 1.10W/

'ﬁ‘ e suggested minimum 340
adlanoe for window glass filters In

G26 Is 0.7W/m3inm
Cycle 8 uses daylight filters and 340
nm Irradiance controlled at 1.55
WimZinm (180 Wim?2nm from 300-400
nmj.

ﬁﬁiﬂzﬂﬁf?@ aff&?;ﬁ.;;w
g
ﬁ‘h

water cycle de-
et
wod

The only conditions during the light pe-
riod that are described are thosa of
Method A. The length of dark period Is
not specified, nor are temperature or
relative humidity conditions during the
dark period.

G155, Table X3.1 describes saveral
specific cycles that combine light'dark
periods with periods of water spray

Cycle 2 in Table X3.1 has has an 18h
light period using the same conditions
descri B, Method A followed

G26 - Mathod C — continuous expo-
sure to light with spray .E
oV

G155, Table X3.1, Cycle 11

Usespfdd 51| ri‘fb
Unin, | = pan rature is
63 + i ity is 30 + 5%
Typital i is 1.5 W/m3nm 5
Act™ o0t
eks 1 12

ALY iethod D — alternate exposure
ta light and darkness without water
Spray
Mo specific periods of light'dark are
described
Type of filter not specified
Irradiance is not specified. Suggested
minimum iradiance is 0.35 W/m® at
340 nm with daylight filters or 0.7 Wim?
at 420 nm with window glass filters

RAH controfled to 35 + 5 % during Ji
period
Dark cycle requires a
ture of 35+ 3 Ll

£

R

W

wﬁ

w*‘”‘“ﬂk
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X4. COMPARISON OE

X4.1 This standard

4y G155 - 13

TABLE X3.4 Comparison of Basic Atmospheric Conditions Used
for Benchmark Solar Spectrum and CIE 85 Table 4 Solar

Spectrum
Atmasgheric Benchmark
Condition Solar 8 it CIE 85 Tabla 4 Solar Spactrum

Ozone (atm-cm) 0.30 0.34

Precipitable water vapor (om) 057 1.42

Altitude {m) 2000 0

Tilt angle 37° facing Equator 0° (horizontal)

Air mass 1.05 1.00

Albedo (ground reflectance) Light Soil wavelength Constant at 0.2

Aerosol extinction

dependent

Shettle & Fenn Rural
(humidity dependent)

Aercsol optical thickness at

500 nm

Equivalent to Linke
Turbid'rty factor of
about 2.8

0. 1%5

TABLE X3.5 Irradiance and Halﬁ’

Benchmark Solar Spectrum angh

ﬁ“‘
hﬁlu Comparison for
Tahie 4 Solar Spectrum

Bandpass

Bew'k
Solar Spectrum

CIE 85 Table 4 Solar Specirum

xS

o

Irradiance (W/m?) in stated bandpass

Percent of 290 to 400 nm iradiance

0.000

&Qgg_ 320 3748
b= 25661

360 < i = 400 34.762
290 =} = 400 64,171
290 = & = 800 652.300
i< 290 0.0 %
290 < & = 320 5.8 %
320 < A = 360 400 %
360 = 4 = 400 542 %
290 = i = 400 9.8 %

0.000
4.080
28.450
42.050
74,560
§78.780

Percent of 290 to 800 nm madaﬁ
11.0 %

% ‘;olar spectrum based
ide for a very high level of

solar ultraviolet radi is benchmark solar spectrum is
published in AST 7, Standard Tables for Reference Solar
Ultraviolet Spectral Distributions: Hemispherical on 37 degree
Tilted Surface. The solar spectrum is calculated using the
SMARTS2 solar radiation model.'™""'? ASTM Adjunct
ADIGO173, SMARTS2 Solar Radiation Model for Spectral
Radiation provides the program and documentation for calcu-

on atmospheric conditio

W Gueymard, C.,

“Parameterized Transmittance irect B l‘_&d
Circumsolar Spectral Irradiance,” Sodar Energy, Vol ﬁ ﬁﬂ

" Gueymard, C. A., Myers. D., and Emer
Spectra for Solar Energy Svstems TC'&I:III%‘

443-467.

w*ﬁ“ﬂ

e !uadnn-:e

3, No 6, 2002, pp.

‘IAI&R\Q&.AR UV SPECTRUM AND CIE 85 TABLE 4 SOLAR SPECTRUM

lating solar spectral irradiance.

IE 85 Table 4

g’(? 4 compares the

r the benchmark solar
lar spectrum,

X4.2 Previous versions,
as the benchmark %
basic almospheric’ﬁm 10,
spectrum and CIE

X4.3 Tabl ﬂ#’ compares irradiance (calculated using
rectangular integration) and relative irradiance for the bench-

mark solar spectrum and CIE 85 Table 4 solar spectrum, in the
bandpasses used in this standard,

12 Myers, D. R.. Emery, K., and Gueymard, C., “Revising and Validating Spectral
Irradiance Reference Standards for Photovoltaic Performance Evaluation,™ Trans-
actions of the American Society of Mechanical Engineers, Journal of Solar Eneray
Engineering, Vol 126, pp 567-574, Feb. 2004,



Ay G155 - 13

SUMMARY OF CHANGES

Committee G03 has identified the location of selected changes to this standard since the last issue (G155 —
(05a) that may impact the use of this standard. (Approved June 1, 2013.)

(1) Deleted obsolete Referenced Documents from listings in
2.1 Society of Automotive Engineers’ Standards and Note X3.7
(SAE J1885 and SAE 11960).

{2) Harmonized 5.2.1 with other industry standards.

{3) Table X3.1: Harmonized format for all cycles; harmonized
Cycle 2 with Practice G132; corrected Cycle 7; deleted
redundant operational fluctuations; deleted unnecessary “unin-
sulated” descriptors for black panel temperature: harmonized
with Terminology G3.

(4) Changed allowable operational fluctuation in Table X3.2
for humidity control from ®£35% to ®10%; harmonized with
other industry standards.

(5) Added “Summary of Changes.”

’ﬁ»
’&Qﬂ 5"“3

ASTM Intemnational lakes no position respecting the validity of any p a-ssmed fnt connection with any item mentionad
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