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(R) Accelerated Exposure of Automotive Exterior Materials
Using A Solar Fresnel Reflector Apparatus

1. Scope

1.1 This test method specifies the operating procedures for using a solar fresnel reflector apparatus for the
accelerated|exposure of various automotive materials.

1.2 Sample prgparation, test durations, and performance evaluation procedures are covdred in material
specificatiorfs of the different automotive manufacturers.

2. Referenceg

2.1 Applicable Publications—The following publications form¢a part of this specification to the [extent specified
herein.

2.1.1 ASTM PuBLicaTioNs—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM 00 859—Test Methods for Silica in Water
ASTMD@517—Test Method for Low:Level Total Silica in High Purity Water by Flameless Atomic
Absprption Spectroscopy
ASTM H 891—Standard Tables fof Tyerrestrial Direct Normal Solar Spectral Irradiance for|Air Mass 1.5
ASTMGPO—Standard Practice for Performing Accelerated Outdoor Weathering of Nonmnjetallic Materials
Using Concentrated Natudral Sunlight
ASTMGL47—Standard Practice for Conditioning and Handling of Nonmetallic Materials| for Natural and
Artificial Weathering, Tests

2.2 Related Publication<The following publication is provided for information purposes orly and is not a
required part of thissspecification.

2.2.1 ASTM PuplieaTioN—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTME903—Test Method for Solar Absorptance, Reflectance, and Transmittance of Materials Using
Integrating Spheres
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5.2

Definitions

Black Panel Thermometer, n.—A temperature measuring device, the sensing unit of which is covered with a
black coating designed to absorb most of the radiant energy encountered in fade/weathering testing.

NOTE—This device provides an estimation of the maximum temperature a specimen may attain during
exposure to natural or artificial light.

Irradiance, Spectral, n.—The radiant power within a specified wavelength interval that falls upon a unit area
of exposed surface (W/m?).

-

Irradiance,
point in time

Irradiation,
Radiant Exj
Radiant ExJ

Reference |
apparatus a
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expressed in watts per square meter (W/m2).

h.—See radiant exposure.

osure, n.— The time integral of irradiance expressed in joules per.sguare meter
osure, Spectral, n.—The integration of spectral irradiance with'respect to time.

Naterials, n.—One or more light fastness standards selected for exposure as a
nd operating conditions.

of exposure at a

/m 2).

check on a test

Sample, Laboratory, n.— A portion of material taken to represent the lot sample, or the origipal material, and

used in the |

Specimen,
selected for

Spectral Po

emitted radigtion.

Significanc
encountered
rain) for the

Apparatus

pboratory as a source of test specimens.

h.—A specific portion of a material or a\laboratory sample upon which a test
hat purpose.

wer Distribution, n.—The variation of power due to the source over the wavele
e and Use—This test, method

outside a vehicle ddeito sunlight, heat, and moisture (in the form of humidity,
burpose of predicting/the performance of automotive materials.

is performed or

hgth span of the

is designed to simulate extreme environmeéntal conditions

ondensation, or

The testing apparatus:shall be a fresnel-reflecting device possessing 10 flat mirrors which focys direct sunlight

onto an air-g

See Figure 1.

ooledésample area. A more complete description of the apparatus may be foung

in ASTM G 90.

NOTE—The apparatus shall be operated in dry, sunny climates receiving approximately 3500 to 4000 h of
sunshine per year and an average annual relative humidity of approximately 25 to 35%.

If mirror reflectance cannot be measured directly, the apparatus shall be provided with a mounting area for
affixing a removable optical-mirror sample. This sample shall possess a minimum area of 2580 mm? (4 in?).
The essential requirement is that the optical-mirror specimen be manufactured from the same batch and lot as
the mirror stock-material used to irradiate the target sample area. This sample shall be labelled with a number
which identifies which mirrors the sample applies to. The optical mirror sample is mounted at the same time as
are the mirrors used to irradiate the sample area, and its specular, spectral reflectance is periodically

measured.
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A FRESNEL-REFLECTING MIRROR H CENTER OF ROTATION

B WATER SPRAY NOZZLE J REVERSIBLE MOTOR/GEAR DRIVE
C AIR TUNNEL K CLUTCH

D SQUIRREL CAGE BLOWER L ALTITUDE ADJUSTMENT MAST

E AIRSWITCH M MIRROR BED/FRAME

F SOLAR CELL TRACKER N ANCHORS

G SPECIMENS ON TARGET BOARD P A-FRAME

m

FIGURE 1<SCHEMATIC OF FRESNEL REFLECTING CONCENTRATOR ACCELERATED
WEATHERING MACHINE (SINGLE AXIS TRACKING)
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AIR FLENUM ( END VIEW ) SWN

TARGET BOARD

TEST SPECIMEN \/

CENTER OF GRAVITY
AND ROTATION \

FLAT MIRRORS

-

MIRROR BED

FIGURE 3—ACCELERATED EXPOSURE OF AUTOMOTIVE EXTERIOR MATERIALS USING A
SOLAR FRESNEL REFLECTOR ARPARATUS EXPOSURE REPORT FORM

A black pan¢l thermometer may optionally ‘be mounted onto the sample exposure area to asgist in monitoring
expected maximum sample temperatures:-The device shall be constructed by affixing the sepsing element to
the front surface of a metal panel measuring 5 x 13 x 0.16 cm (2 x 5 x 0.06 in) or any other convenient size.
The sensor fan be attached using‘a thermally conductive epoxy such as Part Number EC-286 from Therm-X
of Californial or equivalent. Thé front surface of the panel shall be then coated with DuPon{ 93 005 Delux®
Super Black|Enamel, or othef glass black automotive coating.

NOTE— A$TM Committee GO3 on Durability is currently addressing the issue of Black Pangl thermometers
aq a resultofwidely different temperature data reported by commercial testing agercies.

Water Qualilty

The purity of water used for specimen spray is very important. Without proper treatment to remove cations,
anions, organics, and particularly silica, exposed panels will develop spots or stains that do not occur in
exterior exposures.

Water used for specimen spray shall leave no objectionable deposits or stains on the exposed specimens. It
is strongly recommended that the water contain a maximum of 1 ppm solids and a maximum of 0.2 ppm
silica. Silica levels should be determined using the procedures defined in ASTM D 859 or ASTM D 4517.
Prepackaged analysis kits are commercially available that are capable of detecting silica levels of less than
200 parts per billion (ppb). A combination of deionization and reverse osmosis treatment can effectively
produce water with the desired purity. If the spray water used is above 1 ppm solids, the solids and silica
levels must be reported.
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Calibration

and Maintenance

At least every six months, measure the specular reflectance of each mirror in two places along the mirror's
centerline using a portable specular reflectometer with narrow-band-pass filters centered at 310 nm
wavelength: (1) 15 cm (6 in) from the north edge, and (2) 15 cm (6 in) from the south edge. Visibly inspect
each mirror and measure any additional areas which appear non-uniform. Update the value of Py employing

actual average values of specular reflectance.

reflectance is less than 0.65 (65%).

Replace individual mirrors if the average 310 nm specular

If measurement of specular reflectance of the mirrors used in exposure devices is not practical, mount small,
representative specimens of the mirror material. Place the representative specimens ne

|
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the mirrors.
310 nm. H
specimens i

Mirrors shal

and refocusgd if required at that time.

The safety n
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Clean mirro
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frequency to
Clean black
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Conditioni
Mount samp
NONINSULA
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sed in the instrument. The representative specimens must also be installed att
At least every six months, measure the specular reflectance of the representati
b less than 0.65 (65%).

be checked for mirror focus monthly in accordance with the procedure specifie
nechanism used to protect samples in the event of a power outage shall be che
operates properly in all positions.
s (and removable mirror samples) at intervals negessary to maintain the reflects
htain optimum specular reflectance, it is recommended that mirrors be cleaned o

panel thermometers at an interval neceSsary to maintain optical performance.

ures

s.
ng and handling of test, control, reference, and file specimens shall be according
les in the exposure area using one of two methods:

TED EXPOSURE—Mount samples into sample holders constructed of a corrosio
pinless steel or aluminum in an unbacked configuration such that panels can lose

o

he same time as
/e specimens at

eplace individual mirrors if the average 310 nm specular reflectance-of th¢ representative

l in ASTM G 90

cked monthly to

nce specified in
N an established

minimize the effects of surface deposits that.may alter spectral irradiance at the target area.

peatability of test, maintain the apparatus in accordance with Section 6 and th¢ manufacturer's

0 ASTM G 147.

N-resistant metal
heat from back-

INSULATED ExPoSURE—Mount samples into sample holders such that samples are backed with an insulating
water-resistant material such as 13 mm (1/2-in) thick exterior plywood.

7.3 Coated metal specimens shall be mounted using either of the two mounting methods in accordance with the
schedule in Table 1:

TABLE 1—MOUNTING CONDITIONS

Time Period Mounting Condition
November 1 — March 31 Insulated
April 1 — October 31 Noninsulated
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Specimens which are not coated metal shall be mounted for a noninsulated exposure.

If a black panel thermometer is mounted onto the sample area with the test samples to be exposed, it shall be
mounted using the same mounting condition as the test samples.

Apparatus shall be set up to provide conditions in accordance with one of the cycles in Table 2:

TABLE 2—SPRAY CYCLES

Cycle Number Description

1 3 min spray, 12 min dry (night
spraying only) 7 p.m. to 5 a.m.

Expose sam
solar radiant

where: gr

Hg = sol

M = nunmpber of mirrors

rs =the
r =the g
N = num
q, = the
Hd =dir

To determin
the integrat
radiometers

2 No sprays

ples for a predetermined amount of ultraviolet radiant exposure measured-inld/m{.

exposure of the test specimens in accordance with Equations 1 and 2;

hr radiant exposure, J/m?

cosine corrected specular reflectance

verage energy-weighted specular reflectance of the mirrors

ber of days of exposure

hngle of incidence of the irradiance from each mirror at the specimen target area
bct-normal daily solar radiant exposure measured in a 6 degrees field of view

b the ultraviglet (295 to 385 nm) solar radiant exposure, Hy in Equation 1 shall b
on of irradiance with respect to time. Irradiance shall be measured using

ey

Determine the

(Ea. 1)

(Eq. 2)

e determined as
two ultraviolet

A black-pain

ted)permanent shading disk (see Figure 4) is positioned over one radiometer in o

rder to provide a

diffuse-only measurement (excluding 6 degrees field of view). H Is determined using Equation 3:

where:

Hg = H-Hgo

Hg= hemispherical daily solar radiant exposure
Hgo = diffuse-only daily solar radiant exposure (excluding direct-normal radiant exposure in a 6 degrees

field

of view)

1.

Available as model

TUVR from Eppley Laboratories, 12 Sheffield Avenue, Newport, Rl 02840, or equivalent.

(Ea. 3)



https://saenorm.com/api/?name=f41af55f3cc189b0d5871d737038deb5

SAE J1961 Revised MAR2002

The two ultraviolet radiometers shall be calibrated at the same time at least annually against a standard source
of spectral irradiance. Instrument calibration constants shall be checked by mounting both instruments at the
same orientation for at least 1 h under clear sky conditions. If a difference of more than 2% exists between
instruments, they shall be recalibrated.

At least monthly, for 1 h under clear sky conditions, both instruments shall be tracked off-altitude approximately
15 degrees with no shading on the normally shaded instrument's diffuser. If the radiant exposure readings
from the two instruments differ by more than 2%, the radiometers shall be recalibrated. Historical radiation
data shall be checked on an annual basis to compare results of present radiation measurements.

The measurement of reflectance (r) shall be the power-weighted specular reflectance in the wavelength region

of 295 to 38pnmrecatettatedusing-the-almass--5spectrumandprocedure-outined+-ASTHY E 891.

<A

128* 2 PL
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VIEW A-A

®~101 SHADING DISC ASSEMBLY

FIGURE 4—SHADING DISK AND SUPPORT BARS
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FIGURE 5—SHADING DISK SUPPORT BAR
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Report—See Figure 7.

The report s

hall include the following:

Laboratory

(Accurate

Material

Identification of all specimens)

Test method

Operating
Sample m
Ultraviolet
Black pan

(Dates of

cycle

bunting (insulated or non-insulated)
radiant exposure, J/m?

b| temperature, if recorded, °C (°F)

EXposure)

-11-
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