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(R) Procedure for Visual Evaluation of Interior and Exterior Automotive Trim

1. Scope—Thi$ SAE Recommended Practice applies to parts and materials used in vehiclehmanufacture which
are intended|to be acceptable color matches to a specified standard. This document is.intended for use with
parts or matgrials which are opaque or nearly so. Materials covered by this document incliide topcoat paint
finishes, intefior soft trim, interior and exterior hard trim, and exterior film and flexible trim.

1.1 Purpose—The intent of this document is to precisely specify procedureS for the visyal evaluation of
appearance of colored materials or parts incorporated in the manufacture of.vehicles. The dgcument provides
a consistent pngineering practice for the determination of visual color difference between materials or parts of
the same or |ike materials. A suitable fixture providing daylight, fluore§cent, and horizon lighting conditions is
necessary fof this evaluation.

2. References

2.1 Applicable RPublications—The following publications form a part of the specification to thg extent specified
herein. Unlefs otherwise indicated, the latest issue oRSAE publications shall apply.

2.1.1  ASTM PugLIcATIONS—AVvailable from ASTM, €00 Barr Harbor Drive, West Conshohocken, [PA 19428-2959.
ASTM E|284—Terminology of Appearance
ASTM E|308—Practice for Computing the Colors of Objects by using the CIE System
ASTM E|1499-97—Standard Guide to the Selection, Evaluation and Training of Observefs

2.1.2 CIE PusBLIgATIONS—Available from USNC-CIE Publications Office, TLA Lighting Consultants, 7 Pond St.,
Salem, Mapsachusetts, 01970. www.cie-usnc.org.

CIE Publication 51—Method for Assessing the Quality of Daylight Simulators for Colorimgtry

2.2 Related Publications—The following publications are provided for information purposes oply and are not a
required part ofthis document.

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

ASTM D 1729—Standard Practice for Visual Evaluation of Color and Color Differences of Diffusely
Illuminated Opaque Materials
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2.2.2

3.

3.1

3.1.1

3.1.2

WILEY PuBLICATION—Available from Wiley Publishers, 111 River Street, Hoboken, NJ 07030.

www.wiley.com.

Billmeyer & Saltzman’s Principles of Color Technology, by Roy S. Berns, March 2000

Definitions

Master Standard, Sample

MASTER STANDARD—The appropriately identified engineering approved standard sample against which
specified similar materials are evaluated.

SampLE—Tlhe material or part that is evaluated for color and appearance match to the master standard.

3.2 Color Attribyites—The color of a material can be described by four basic attributes. Figure 1|shows a diagram

3.2.1

3.2.2

3.2.3

3.24

3.25

of Munsell hye, value, and chroma and their relationship to one another.

WHITE

VALUE | YELLOW

GREEN CHROMA =\ RED

BLUE

BLACK

FIGURE 1—MUNSELL HUE, VALUE, AND CHROMA DIAGRAM

HuUe—The gttribute of color perception by means of which an object is judged to be red, yel]low, green, blue,

or intermediate between somejyadjacent pair of these.

VALUE—Thee attribute Qf-color perception by means of which an object is judged to apgear light or dark

relative to @n object of the same hue and chroma.

CHrRoMA—Thefattfibute of color perception that expresses the degree of departure from|gray, toward the

pure hue, gt'the same value and hue.

METALLIC BrRiLLIANCE—Departure from solid color (straight shade) appearance to a highly metallized or
opalescent appearance, often accompanied by a change in the angle of viewing (goniochromatic effect).

GoNiocHROMATISM—Change in value/lightness, hue or chroma of a specimen upon change in angular
illuminating or viewing conditions but without change in light source or observer. When two specimens are
compared to each other, they may or may not exhibit metamerism in addition to differences in
goniochromatism. They should also be viewed under different lights to check for metamerism. (Reference

ASTM E 284)
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3.3 Metamerism—Property of two specimens that match under a specified illuminator and to a specified observer
and whose spectral reflectances or transmittances differ in the visible wavelengths. (Reference ASTM E 284)

3.3.1 ILLumINANT METAMERISM—Occurs when two objects match under one light source, but do not match under a
different light source. This results when the objects have different spectral reflectance curves but the same
color coordinates for one set of viewing conditions.

3.3.2 OBSERVER METAMERISM—QOccurs when a metameric pair matches for one person but fails to match when
seen by another person under the same viewing conditions.

3.3.3 FIELD SIZE — to 10 degrees. A
metameric |pair which matches when seen at a distance (small field of view) may no longer match when
seen closef to the eyes (large field of view).

4, Equipment—The proper lighting unit(s) and measuring equipment are essential for consigtent appearance

evaluation. Figure 2 shows the critical dimensions and relative positions of am _examination| perch/stand and
lighting sourges.

@ OF LIGHTING UNIT

216 mm (8 1/21in) *

P S

787 +51 mm 4

(31 £2in) **

457 mm (18 in) **
1016 mm (40 in)
1067 + 51 mm
(42+2in)
Front View Side View

—Orsize toattow forothertypesof tightingequipment
** - Critical Dimension

FIGURE 2—RECOMMENDED INSTALLATION FOR LIGHTING UNIT(S)
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4.1

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.2

4.3

4.4

51

5.2

521

5.2.2

Lighting Unit(s)—Each color evaluation area shall be provided with an overhead lighting unit (along with an
accompanying material examination perch/stand) capable of broadcasting the following lighting conditions:

Daylight capable of providing a color temperature of 6500 K + 200 K at an illuminance of 1080 to 1730 lux
(100 to 160 ft-candles). This source is typically provided by filtered Tungsten Halogen Lamps. The resulting
spectral power distribution of the incident light must be maintained to conform to ASTM E 308 and CIE
Publication 51, Category A.

Cool White Fluorescent (CWF) capable of providing a color temperature of 4150 K + 200 K at a minimum

illuminance of 860 lux (80 ft-candles). This source is typically provided by Cool White Fluorescent tubes.

Simulated
of 860 lux
morning su

As an optid
with any o
fluorescent
DECISION
CAN OCC

INPUT VOLT]
Lighting Bo
agreed upon
above floor le

Light Meter-

Color Temp
color temper

norizon sunlight source providing a color temperature of 2300 K £ 200 K at a min
80 ft-candles). This source is typically provided by Tungsten Halogen Lamps
nrise or late afternoon sunset conditions.

n, an ultraviolet lighting source (no Kelvin value associated) can be used alone
the previous light sources to exaggerate the effects of optical"brighteners, V
pigments, dyes, or resins. DO NOT USE ULTRAVIOLET“LIGHT FOR A
DO NOT LOOK DIRECTLY INTO A ULTRAVIOLET LIGHT SOURCE BECAUS

JR FROM PROLONGED EXPOSURE TO UV LIGHT.

IAGE—Follow manufacturer’s installation instructions for proper input voltage req
pths—As a minimal condition, a light booth can be utilized for color evaluation
by the customer and supplier. The booth should be placed so that it is at least
vel and should be set-up so that direct viewing into the booth is possible.

—A calibrated light meter is requiredyfor checking the intensity levels of the lighti

rature Measuring Instrument—A spectro-radiometer or colorimeter must b
ture of the light sources. These units must be calibrated using a NIST traceabl

Viewing En

ironment—To perform accurate visual color matching, the viewing environmer

and maintained to be consistent-with other locations in the industry. (Refer to Appendix
Evaluation Checklist.)

Perch and Surround--Color of Perch and surround shall be neutral gray, defined as Munsell

with a maxi

um Chrema C*= 1.0, visually appearing neutral.

mum illuminance
to simulate early

pr in combination
vhitening agents,
COLOR MATCH
E EYE DAMAGE

uirements.
purposes only if
1070 mm (42 in)

g sources.

used to check
6500 K source

a)
a)

t must be set up
B, Environmental

N6-N7 (L*61-71)

Ambient Light=>The light units and examination perch shall be placed in an area that W

ILL NOT ADMIT

ambient light

into the viewing environment.

EncLoseD Room—AnN enclosed room is the preferred location for the installation of the light units. The walls
shall be painted with Munsell N6-N7 (L*61-71) flat paint. (This paint is available from any major supplier.)
Adequate ventilation of the room must be provided to prevent overheating of the lamps.

EncLosING CUuRTAIN—If a room is not available, an enclosing curtain will be suitable. The curtain must be
dull in finish and the color must be as close as possible to Munsell N6-N7 (L*61-71). Curtain must also be
dense enough to prevent ambient light penetration and must surround the viewing area. A minimum
distance of 914 mm (3 ft) must be maintained between the enclosure or curtain and the front of the perch to
allow proper viewing from all directions.
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5.3

6.1

6.2

6.3

6.4

6.5

6.6

Examination Perch—Gray foam matting, Munsell N6-N7 (L*61-71), napped knit fabric or carpet shall be used
on the perch surface. The material shall be suitably textured so that materials and parts will not slide off the
perch. As an option, a napped knit fabric, black in Color, Munsell N 0.5-N1.5 (L*5.1-15.4) with a maximum
Chroma C* of 1.0, visually appearing neutral, can be used provided that it is located on a separate
examination perch/stand or is able to be easily removed from the primary perch/stand.

The optional black perch material helps in eliminating random specular reflections, and is helpful when viewing
dark colors or parts at the deep flop angle. Use of this alternate black perch material should be noted with the
color comments. Comply with Figure 2 for perch dimensions.

Maintenance— spectral power
distribution @mong all locations within the lighting unit must be certified by the manufacturer. Proper
maintenance|of the lighting unit, in accordance with the manufacturer’'s recommendation;is'essential to ensure
consistent lighting conditions over time and with respect to other units. A cheécklist fpr environmental
evaluation is[provided in Appendix A.

Diffuser—THhe diffuser should be cleaned every 3 months with a glass cleaner.

Daylight Filt
filters should
cooling of th
replacement

Perch—The
must be repl
occurred, it

Calibration 4
once a year
Publication 5
unit.

Lamps shoul
all other factq
cleanliness,

becomes def

Light Level

brs—The Daylight filters should be cleaned and checkedor cracks every six
be cleaned with a non-streaking glass cleaner and allowed to air dry. (CAUTION
e daylight filters and lamps before attempting to 4emove.)
filters must be evaluated for spectral power distribution of the transmitted light p

perch should be cleaned once a month. If.any discoloration has occurred, t
ust be replaced to conform to 5.1.
ind Certification—Lighting units, must be calibrated with NIST traceable ce

Prior to and following calibration, the illuminance, correlated color temp
| DE,,* should be recorded foreach position. Calibration sticker must be affixed

| be replaced when/the unit is out, of specification for color temperature and/or i
rs affecting color'temperature or intensity are within tolerance (i.e., units prope
ective.

Balance—The light level (illuminance) should be checked monthly.

taken directly

btc.). It is good practice to replace the lamp series (i.e., all daylight bulbs)

months. These
: Allow adequate

If filter replacement is required,

br 4.1.1.

fhle perch material

ced. NOTE: Some materials, such as gray:foam material turn yellow over time. When this has

tification at least
g¢rature, and CIE
to the front of the

:rtensity, provided
ly calibrated. unit
when one lamp

Measurements should be
undereach daylight lamp, 635 mm (25 in) below the diffuser. This distance is npcessary in order

to give a conimon measurement reference point. Any measurements taken within the viewing area shall not

differ from the mean value of the measurements taken by more than 20%. The viewing area is defined as that
which falls within £20% of the illumination level of that average.

Maintenance Log—All maintenance activities, such as cleaning, calibration, bulb replacement, etc. should be
recorded. Control charts, including upper and lower control limits should be maintained for illuminance and
correlated color temperature. Follow QS 9000 procedures within your company for establishing a
maintenance log.
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7.1

7.2

7.2.1

7.2.11

7.2.2

Visual Color Evaluation—Proper viewing conditions and positioning of samples and master standards on the
examination perch/stand are essential to maintain a common practice between viewing locations.

Viewing Conditions—There should be no other materials present on the examination perch/stand when
samples of one color are being viewed. Also there should not be any distracting or brightly colored decorations
present in the evaluation area. Persons wearing bright or very chromatic clothing should wear a covering such
as a smock of neutral gray color to eliminate the influence of extraneous color. Persons viewing color shall not
wear tinted contacts or glasses as these affect perceived color. Smoking shall not be allowed in the evaluation

area.

In some inst

daylight, flug

rescent and horizon light. Daylight is the most impartant lighting source

s, however, little
global latitude of
As a general rule

htered relative to
er. When viewed
Ce relative to the
be viewed under
[o make a color

determination with fluorescent and horizon lighting used to evaluate metamerism. Color judgements should be

made quickly
Refer to AST]

TEXTILE MA
fibers of a

because sensitivity of the eye to color differences decreases with time of expos
M E 1499-97 section 8.3.

TERIALS—The sample and master standard.should be viewed looking into the
fabric) with the samples touching one another. They should be placed so that

materials, the nap feels roughest as the hand moves along the fabric to the top of the ex

stand. Flat

perch/stand.

Flop Mat
for both
intermed

PAINTED OH
considered

fabrics should be viewed with the machine direction yarns running up and dowrj

Ching—The sample and the_master standard shall match (with the nap running th
materials) when rotated in the plane of the examining table, 180 degrees a
ate points in between.

GLOSSY SURFACES, PLASTIC, LEATHER OR VINYL MATERIALS—These material
in two categaries: (a) solid or straight shade and (b) metallic and/or opalesc

colors sho
illustrated
the same

ld be viewed from two positions commonly referred to as the FACE and FL
y Figure 3. For plastic materials, view the samples/parts to the master with th
irection”where the flow of the resin is the same or similar. The face position is §

ure (adaptation).

nap (the surface
wvhen rubbing the
amination perch/
the examination

e same direction
nd at 90 degree

5 should be
ent colors.  Solid
OP positions as
e gates facing in
ittained when the

observed gqurface is nearly parallel to the observer, making the surface nearly perpendictlar to the line of

sight. The flop position is attained by rotating the sample away from the observer and down 90 degrees from
the face position. These two viewing positions should be considered critical to all color matching. Metallic
and/or opalescent colors should be observed in the same manner. Additional attention should be given to

the evaluation of the intermediate angles viewed in a continuous motion.

This evaluation is commonly

referred to as travel. Figure 3 also illustrates this viewing condition. Color differences between two samples
(or a sample and a master standard) may occur at the intermediate angle as a result of varied paint
technologies or spray conditions.
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7.2.3

10.

10.1

OBSERVER SURFACE

When visu
observe an

Care of Mas
and should b
distort the sU
inside. Spec
isolated to th

Color Discri
that all pers

TRAVEL 4

blindness te

FIGURE 3—FLOP AND TRAVEL EVALUATION

ally comparing a sample to amaster, always reverse them left to right and
y effects on color due to placement of materials relative to one another.

er Standards—All master standards should be protected to ensure their or
b stored in a cool, dry) dark location. Care should be taken not to crush textile m
rface in any way._The packaging material should not chemically attack or sc
mens containing rubber, asphalt, or other materials that have the potential
bmselves apart from other standards.

top to bottom to

ster standards or
atch the material
to stain shall be

i%]inal appearance

mination—Several tests exist to measure color perception and discrimination. It/is recommended
bnnel involved in viewing color pass both a color discrimination/perception

test and a color

Notes

t _Refer to ASTM E 1499-97 for recommended color fncfing mnfhnr‘lnlngy

Marginal Indicia—The change bar (I) located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE TEXTILES AND FLEXIBLE PLASTICS COMMITTEE
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APPENDIX A
MONTHLY DAYLIGHTING UNIT MAINTENANCE LOG

MONTH YEAR
COMPANY LOCATION
LIGHT MFG. MODEUTYPE SERIAL NO.
MAINTENANCE EVENT RECORD:
DATE O CLEAN O CHECKFILTER 0O CALIBRATION
VOLTS
COMMIENTS: O REPLACE BULBS O OTHER (EXPLAIN BELOW)
DATE 0 CLEAN O CHECKFILTER 0O _CALIBRATION
VOLTS
COMNIENTS: O REPLACE BULBS O OTHER (EXPLAIN BELOW)
DATE 0O CLEAN O CHECKFILTER 0O CALIBRATION
VOLTS _|
COMNIENTS: O REPLACE BULBS 0O OTHER(EXPLAIN BELOW)
ILLUMINATION MEASUREMENTS
1400 (130) LUX (FOOTCANDLE;
1290 (120) el
1180 (110)
1075 (100)
970 (90) v
860 (80)
1 5 10 15 20 25 30

DAYS
LEGEND: DAYLIGHMT BULB NO. (FROM LEFT) DUAL OVERHEAD UNIT

#1e8 #30
#2+ #40

FIGURE A1—MONTHLY DAYLIGHTING UNIT MAINTENANCE LOG
(KEEP A SEPARATE LOGSHEET FOR EACH LIGHTING UNIT AT YOUR LOCATION)
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MONTH YEAR
COMPANY LOCATION
LIGHT MFG. MODEUTYPE SERIAL NO.
1000 COLOR TEMPERATURE MEASUREMENTS
9000
8000
7000
6000
5000

FI
(KE

5 10 15 20 25
DAYS

LEGEND? DAYLIGHT BULB NO. (FROM LEFT) DUAL OVERHEAD UNIT

#1e #30
#2+ #40O

SURE A2—MONTHLY DAYLIGHTING UNIT MAINTENANCE LOG (CONTINUE
FP A SERPARATE LOGSHEET FOR EACH LIGHTING UNIT AT YOUR LOCAT

D)
ON)
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