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ASTM E 284—Standard Definitions of Terms Relating to Appearance of Materials available from
ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-
2959.

Commission International de 'Eclairage, International Lighting Vocabulary, Bureau Central de la
CIE, Paris, 1987, 4" ed., Publication CIE No. 17.4 1987.

ASTM E 105—Standard Practice Probability Sampling of Materials available from ASTM
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Conmmission International de I’Eclairage, Colorimetry, Second Edition, Bureau Central de la CIE,
Paris, 1986 — Corrected Reprint 1996, Publication CIE No. 15.2 (1986).

Conmmission International de I’Eclairage, Improvement to Industrial Colour-Differencg Evaluation,
Publication CIE No. 142 (2001).

ASTIM D 1729—Standard Practice for the Visual Evaluation~of Color Differenceq of Opaque
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ASTM D 2244—Standard Practice for Calculation of Color Tolerances and Color Differences
from Instrumentally Measured Color Coordinates available from ASTM International, 100 Barr
Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959.

ASTM E 2194—Standard Practice for Multiangle Color Measurement of Metal Flake Pigmented
Materials available from ASTM International, 100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA 19428-2959.
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2.2 Related Publications

2.2.1 ASTM Committee E-12—ASTM Standards on Color and Appearance Measurement, 6" Edition,
2000 available from ASTM International, 100 Barr Harbor Drive, PO Box C700, West
Conshohocken, PA 19428-2959.

222 ASTM D 3134—Standard Practice for Establishing Color and Gloss Tolerances available from
ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-
2958~

2.2.3 R. W. Harold, K. Loughrey, T. Mabon, “Benefits of the Sample Averaging Techniqueg,” Hunterlab
Application Notes, 4 No. 3, March 21, 1985.

2.2.4 Wolfgang Budde, “The Gloss Trap in Diffuse Reflectance Measurements,” Color Rgsearch and
Application 5, 73-75 (1980).

2.2.5 Strocka and Brockes, “Comparison of the CIE (1931) 2° and-the’ CIE (1964) 10° [Colorimetric
Standard Observer with Individual Observers in the AssesSment of Metameric Matches,” Proc.
Intefn. Color Meeting, Color 69, Stockholm 1969, Vol. 2, pp_785-793.

3. Definftions

NOTE—Exgept for terms specifically defined in this document, terminology used in this report follows the
definitions reported by ASTM (see reference 2.1.1) and the Commission Intefnational de
’Eclpirage (see reference 2.1.2).

3.1 Prodyct, Lot, Sample, Specimen, Reading, Measurement

3.1.1  PROpuUCT

A product is|the group of all partstek'material having the same color, composition and physicaj form.

3.1.2 Lot

A lot is the qustomary tnit of production of a product comprising one or more individual prodyct units. For

example, a Ipt of plastic parts might comprise 500 individual product units and a lot of paint material might
compromisel one 5000 gallon batch of paint.

3.1.3 SAMPLE

A small part or portion of a material or product intended to be representative of the whole from which a
specimen is prepared for testing. The sample or group of samples chosen shall be representative of the
color difference properties of the product lot (see reference 2.1.3).

3.1.4 SPECIMEN

A piece or portion of a sample used to make a test.


https://saenorm.com/api/?name=dbb1f7ec74c17ac9367988ce18b90881

SAE INTERNATIONAL

J1545 Reaffirmed OCT2014

Page 4 of 28

3.1.5

READING

A reading is a single instrumental color difference assessment made in one particular location and in one
particular orientation within a specimen. When a multiangle instrument is used to measure a specimen, a
reading would refer to a given illuminating and aspecular angle.

3.1.6 MEASUREMENT

Ameasure e S—te—€S Rate—o RE-S8 Pre—-CO191-G efreree+erattvetoa-Stahtatraaete
reading or the mean of multiple readings as specified by the procedure of this recommendeéd
3.1.7  ASPECULAR ANGLE

Viewing angle measured from the specular direction, in the illuminator plane unless-otherwise
DISCUSSION—Positive values of the aspecular angle are in the direction-toward the illumina
3.1.8 GONIOAPPEARANCE

The phenonjenon in which the appearance of a specimen changes with change in illuminatio
angle.

DISCUSSION—Examples of gonioappearance are specimens of coatings containing flake pig
3.2 Standards

3.2.1  OFF|CIAL STANDARD

An official gtandard is a physical standard that represents the concept color. The offig
physically rgpresents the color target. for visual and colorimetric evaluation of all products r
that official |[standard. Where feasible, the official standard should have the same com
construction|as the reference,and working standards.

3.2.2 REFERENCE STANDARD

A reference
shall have t
construction

standarehis a physical standard used to calibrate working standards. Refereng
he same composition and construction as the working standards and the com

ined from one
bractice.

specified.

or axis.

n or viewing

ments.

al standard
bferenced to
position and

e standards
position and

shall be representative of samples of the product. Reference standards are in

strumentally

referenced t

n I A ! !
U IS Ulllial stalidudiu.

3.2.3 WORKING STANDARD

A working standard is a physical standard in routine use. Working standards are made of material

identical to t

he reference standard and are instrumentally referenced to the official standard.
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3.3 Instruments
3.3.1  MASTER INSTRUMENT

The master instrument is an instrument that is used to establish the basic references among various
levels of standards and among other instruments. This instrument is the normal arbiter in any situation
not adequately resolved at a lower level. This instrument should generally be a spectrophotometer and is
usually retained by the organization that issues the standards.

3.3.2 SECPNDARY INSTRUMENT

A secondary instrument is any other instrument used for color difference measurement of the product by
reference to|the standards.

4. Basicd Color Measurements Specifications
41 Standard Observer

The standand observer for colorimetric determination should be the CIE 1964 supplementary standard
colorimetric pbserver (see reference 2.1.4), referred to as the 10*standard observer.

4.2 Standard llluminant
The standafd illuminant for colorimetric determination should be CIE standard illuminangt D65 (see
reference 2(1.4). If a determination of metamerism is required, CIE standard illuminantf A and CIE
standard illuminant F2 are recommended.

4.3 Uniform Color Space

The uniform| color space for determination of color difference shall be the CIE 1976 (L*a*b*] space (see
reference 2.[1.4). This space may‘be abbreviated, CIELAB.

4.4 Color|Difference

4.41  SINGLE ILLUMINATING/VIEWING GEOMETRY MEASUREMENTS

The total cqlor difference between a standard and a specimen shall be expressed using gn ellipsoidal
equation. DIECmc (see references 2.1.9 and 2.1.13) is recommended for this application and|CIEDE2000
(see referer -+ 1t i fve: it ing such a
computation are expected to correlate well with visual assessments when care is taken to use multiple
observers and the tolerance is sized to fit the acceptable population by using the appropriate weighting
factors for the equation being utilized (I : c, cf for the Cmc equation; kL, kC, kH for the CIEDE2000
equation). The method outlined on pages 124 and 125 of Reference 2.1.12. can be used as a guide for
determining visual tolerances. The ellipsoidal equation must be agreed upon by the supplier and
customer.



https://saenorm.com/api/?name=dbb1f7ec74c17ac9367988ce18b90881

SAE INTERNATIONAL J1545 Reaffirmed OCT2014 Page 6 of 28

In addition, color differences between a standard and specimen often need to be described in greater
detail than simply in terms of total color difference. In this case, the differences should be quantified in
terms of the three components of the metric selected for total color difference. (see Table I, below.) That
is, DE_,, or CIEDE2000 may be used for overall pass/fail assessment, and the corresponding weighted
component Lightness, Chroma, and Hue difference terms may be used to describe the specifics of a

color difference pair.

For near-neutral colors(C*,, <5), it is appropriate to use Da* and Db* to describe the component color
differences ira-mannerthatis-consistent-with-vistal-assessment{see+efereree2+-+0—Reier to Table |

below for reporting purposes.

TABLE 1—COMPONENTS OF A COLOR-DIFFERENCE EQUATION TOMDESCRIBE
THE COLOR DIFFERENCE BETWEEN A STANDARD AND A SPECIMEN

Equation Components Near-Neutral
C* >5) (C*..<b)
Colzzzg:gmnce Lightness Chrom | Hue Lightness GRr ZZ;‘ YeBIIISZv'
* * * *
cMC(i:c PL o, | 2& | PR Lo Da* Db*
INY cSc Sy INY
CIEDE2000 DL pc’ | DHY DL’
(kL:kC:kH k.S =DLCIEDE2000 k.S k.S k.S =DLCIEDE2000 Da* Db*
L~L c~cC H~H L~L

NOTE—In Table 1 above, the capital letter\DJindicates a differential colorimetric value, which is often
used in place of the Greek letter Delta, A. DL*, for example would be referred to as Delta L*.

4411 Fogr DE__, the weighting of lightness to chroma (l:c) must be agreed upon between supplier and
cystomer and documented.

4.41.2 Fgr CIEDE2000, the)weighting of lightness to chroma to hue (k k. :k,) must be agreed upon
between supplieriand customer and documented.

4.4.2 Mulr-ANGLEMEASUREMENTS

Materials that.exhibit different colors depending on the angles of illumination or viewing are called
gonioappargnt-materials. The color difference between a specimen and a standard may Jary with the
angle of illumination and/or viewing. Color differences between the specimen and standard may be
determined as in section 4.4.1 for each illuminating and aspecular geometry.
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4.5 Color

4.51

Difference Tolerance

SINGLE ILLUMINATING/VIEWING GEOMETRY MEASUREMENTS

The total color difference allowed shall be specified as the tolerance for color difference assessment. A
specimen is rated acceptable by the color difference assessment if its measured color difference relative
to the color standard is within the specified tolerances for the total color difference. A specimen is rated
unacceptable by

standard is ¢
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TI-ANGLE MEASUREMENTS

block-type
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 Table Il illustrate this same approach to adjusting AE,,, total color difference
hndard. The official standard measures L* = 50.00, a* = 8.00, b* = 12.00. It is §
e tolerance ellipse around it.
plot, with all data points having L* = 50.00. The reference standard is shown as

= 50.00, a* = 8.20, b*.="12.20. Positioned within the tolerance ellipse, it is v

relative to the offidial standard and 0.24 relative to the reference standard. The|

the ellipse yet falls within a 0.6 AE,,. ellipse around the reference standard.

versus. the-feference it would be visually okay. However, it measures AE,,, =
andard and therefore, would be quite unacceptable. While not having the offi
ble for.the’measurement, the offset techniques on the reference standard can

1—EXAMPLE OF THE MODIFICATION OF THE UPPER AND LOWER TOLER

ANCES

data from a
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For simplicity, this is shown as a two

point "R". It
isually quite
pse and has
"Test" point
Because the
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be used for
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standard L*, a*, b* readlng is offset by this coIor dlfference and thls offset L* a’, b* is used each time a
color dlfference is calculated.
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GURE 2—0.6 AE_,,, TOLERANCEELLIPSE AROUND AN OFFICIAL STANDARD

TABIE 2—OFFSETTINGTHE REFERENCE STANDARD TO THE OFFICAL STANDARD
AND THE WORKING STANDARD TO THE REFERENCE STANDARD

L* a* b* AL* Aa* Ab* AE .
Official Standard [O] 50.00 8.00 12.00
Acceptable glatapoint[OK} 50.00 8.40 12.47 0.00 0.40 0.47 0.45
Test datapoint [TEST] 50.00 8.70 12.75 0.00 0.70 0.75 0.78
Reference Standard [R] 50.00 8.20 12.20
Offset 0.00 020 020
Offset Reference Standard 50.00 8.00 12.00
Test vs. Reference 0.00 0.50 0.55 0.55
Test vs. Offset Reference 0.00 0.70 0.75 0.78
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If the reference standard is known to be metameric to the official standard and metamerism is of concern,
the offset should be measured under all illuminants of interest. The AE_, calculation is then done for
each of these offsets and the calculated values must all fall within the tolerance. The user must also be
cautious if working with a pigment mixture allowing for "self metamerism". Another method of calculating
the AE,,. from the official standard is shown in Appendix B. This method requires knowledge of the K
and S values of colorants in the composition.

4.6 Color Measuring Instrument

4.6.1 FOR|SINGLE ILLUMINATING/VIEWING GEOMETRY MEASUREMENTS

The instrument used for color difference measurement shall have one of the following illurhinating and
viewing geopnetries, unless otherwise specified under Section 7.

4.6.1.1  Diffuse/eight-degree geometry, specular component included (di:8%),
4.6.1.2 Diffuse/eight-degree geometry, specular component excluded-(de:8°).

4.6.1.3 Eight degree/diffuse geometry, specular component included (8°:di). This provides equivalent
repults to 4.6.1.1.

4.6.1.4 Eight-degree/diffuse geometry, specular compaonent excluded (8°:de). This providgs equivalent
repults to 4.6.1.2.

4.6.1.5 Forty-five degree annular/normal geometfy (45°a:0°).

4.6.1.6 Normal/forty-five degree annular 'geometry (0°:45°a). This provides equivalent results to
4p.1.5.

4.6.1.7 Forty-five degree directional/normal geometry (45°x:0°).

4.6.1.8 Normal/forty-five degree directional geometry (0°:45°x). This provides equivalent results to
4p.1.7.

4.6.2 FOR/MULTI-ANGLE MEASUREMENTS

4.6.2.1  The Aspecular Angle

The aspecularangteisthesensingangte measuredfrom thespecutar ditectiomn, imthe-ittaminator plane
as illustrated in Figure 3. The angle is considered positive when measured from the specular direction
towards the normal direction. Thus, if a specimen is illuminated at 45° to the normal, the specular
reflection will be at -45°. If the receiver is at 65° from the normal and on the same side of the normal as
the illuminator, it is receiving reflection from 110° away from the specular direction, which is an aspecular
angle of 110°.
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Angles for the measurement of materials containing metallic flakes—A minim

E
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FIGURE 3—THE RECOMMENDED AND ALLOWED ASPECULAR ANGLES

pecular angles are required to characterize and control these materials—a ne
pecular angle, a mid aspecular angle and a far ‘aspecular angle. ASTM H
ference 2.1.14) recommends 15° for the near-specular angle (but allows any an

y angle between 70° and 110°).

illuminator and the receiver can be interchanged for any given geometry.
angle color-measuring instruments use annular illumination that illuminates th
per of azimuthal angles from_the specimen’s normal. This type of illumination m
from directional effects (of;*the specimen and may produce different answ

ith the illuminator and receiver in the same plane.

gles for the measurement of materials containing other effect pigments
mination and aspecular angles for measuring the reflection from these materi

ould be used until the optimized angles are determined.

Ct of ‘instrument design on color difference measurement—Instruments of diffe
especially of differing illuminating and viewing geometries do not necessa

Um of three
hr aspecular
2194 (see
gle between

° and 25°), 45° for the mid-aspecular angle, and 110° for the far-aspecular angl¢ (but allows

e specimen
inimizes the
brs than an

—Optimized
hls have not

Fing designs
ily result in

equ

1 1 (a4 1 £ 1l - LoEL ol ) 1 (] 'l
vatent—cotor—difference—vatues—for—att-specimen—differences—heresuttdepends on sample

characteristics and instrument design. For this reason, the color difference tolerances for a
product may need to have different values with different instrument designs.

4.6.4

Effect of appearance on color difference measurement—Appearance characteristics other than

color may influence color difference measurement. Examples of these characteristics include
gloss, texture, luster, transparency, pile height, and other surface characteristics. For this reason,
it is necessary to assure that the specimen and standard have similar appearance
characteristics.
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4.7 Sample-color Difference Measurement Variability
NOTE—TFor non-gonioapparent finishes only. Gonioapparent materials are still under evaluation.

The variability of specimen-color difference measurements depends on the variability within the color
sample and the variability of the color measurement instrument. In order for the color difference
acceptability decision to be valid, the standard errors of the mean estimates of the component color
difference scales and/or total coIor dlfference must be smaII fract|ons of their respectlve tolerances.
Sample colq i

error of the[mean estimate for each component color difference scale be less than the\gteater of 0.2
scale units gr 0.1 times the tolerance range. The tolerance range is the upper tolerance.minus the lower
tolerance. Spe Table A2.

4.7.1 Detg¢rmination of the standard deviation of specimen color differencetmeasurement—For each
product measured under this document, the standard deviations of the specimen colpr difference
megsurement must be determined once. The specimen shall be.a‘representative sample of the
product. The color difference measurements shall conform~to’the measurement practices
appfopriate for the color sample as specified in Section 7« The standard deviatigns for each
component color difference scale and/or the total coler) difference measurements shall be
detgrmined from at least 10 color difference readings of randomly selected areas of the
spe¢imen. The standard deviation is calculated with-the following equation:

(Eq. 1)

where:

S = the standard deviation
N = ndmber of specimen readings

x = is[the mean of N specimen readings
x, = inglividual specimen-reading for the i" reading

4.7.2 STANDARD ERRGR OF THE MEAN ESTIMATE

The standand errof .of the mean estimate (Se) is equal to the standard deviation divided by the square
root of the npmber of specimen readings (N):

(Eq. 2)

where:

N = Number of specimen readings (the sampling number)
S, = Sampling error

NOTE—The standard error of the mean estimate of a measure of the uncertainty in the estimate of the
mean of multiple specimen readings.
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4,7.3 STANDARD ERROR OF THE MEAN ESTIMATE WITH A SINGLE MEASUREMENT

If the standard errors of the estimates of all of the component color difference scales and/or the total color
difference with one specimen reading do not exceed the greater of 0.2 scale units or 0.1 times their
respective tolerance ranges, then a single color difference measurement is valid under this practice. In

this case, N=

1, and the standard error of the estimate is equal to the standard deviation.

S,=SifN=1

(Eq. 3)

NOTE—This

NOTE—San
prod

474 STA

If the standa
units or 0.1
measureme
levels. The
determined

NOTE—For
sam

equation applies only to non-gonioapparent materials.

hples taken from future lots of the same product and measured with thesame ing
edures shall require one specimen of reading.

NDARD ERROR OF THE MEAN ESTIMATE WITH MULTIPLE MEASUREMENTS

rd errors of the mean estimates with a single measurement\exceed the greater
times the tolerance range, then multiple measuremefts are required. Averag
nts in varying areas of the specimen can reduce the standard error of the mean t
sampling number, N, required to meet the standard error of the mean estimat
Dy rearranging Equation 2:

2

each component color difference scale and/or the total color difference dg
pling number by substituting.the specimen-color difference measurement standa

(S) &and the standard error of the mean estimate goal (Se,g) into Equation 4. The st
e estimate goal is thé\greater of 0.2 scale units or 0.1 times the tolerance rapge. Round
each sampling number to*the next larger integer value. The product sampling num

of th

the
me4g

argest of the sampling numbers. Samples taken from future lots of the same
sured with thessame instrument and procedures shall require that all spe
rence measurements be the mean of N readings in varying specimen areas.
TIONAL INFORMATION

provides additional information on specimen color difference measureme

diffe
475 ADD
Appendix

trument and

of 0.2 scale
ing multiple
h acceptable
b criterion is

(Ea. 4)

termine the
ird deviation
hndard error

ber shall be
product and
cimen color

Nt variability

including the rationale for this procedure and an example calculation.

4.8 Report

The user shall:

4.8.1

4.8.2

Identify the standard.

Identify the specimen.
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4.8.3 Rep
4.8.4 Rep
485 Rep
486 Rep
4.8.7

4.8.8 Rep
489 Rep
4.8.10 Rep
5. Tolers
5.1 Gene
A tolerance
between bu

color tolerapces of automotive materials are separatély expressed in terms of the threg

variables; h
material. T
the method
or harmoniz
in the applic

ort the standard observer.
ort the standard illuminant.
ort the sampling number.

ort the standard error of the mean estimate.

ort the measurement geometry or geometries.

ort the color values at each geometry.

ort the color-difference values from the standard at each geometry:
nce Determination

al Tolerance Concepts

s the permissible variation of an object in some.characteristic. Tolerances are agreed upon
er and seller and could be part of the purchasing contract. In reference to this document,
perceptual
e, chroma, and lightness. (See 4.5.) The reference material is the agreed-upon standard
blerances are normally the sum of thevariability in the material manufacturing process and
used to assess the tolerance. For,colored materials, especially materials that nged to match
b, the overriding factor for tolerances is the degree of mismatch that can be visually tolerated
btion. Tolerances are, therefare; usually set by visual methods.

5.2 Procddures for Visual Determination of Tolerances

Visual tolerdg

Since tolerances are expressed relatively in terms of differences and are likely to chang
across colof i

materials of
important in
application.

nces shall be set'up by preparing and judging color specimens differing in d¢fined ways.

similar to th¢

specimens

chroma, and Ilghtness variables. The d|fferences represented by palrs of standard and specimen are
visually assessed by a panel of observers. The visual conditions of assessment shall generally conform

to ASTM D

1729 (see reference 2.1.6). Tolerances shall be set based on the visual judgments and the

measured and calculated hue, chroma, lightness differences between pairs of specimens.

NOTE—See pages 124-125 in Billmeyer and Saltzman’s Principles of Color Technology, 3° Edition.

Page 14 of 28
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6. Standards and Instruments
6.1 Standards Procedures

Standards are used for colorimetric control of the product and to maintain the validity of the test
procedure.

6.1.1  STANDARDS

The compogition and construction of reference standards, working standards, and the plloduct to be
colorimetrically controlled with these standards shall be identical. Normally, the official 'standard will also
have identical composition and construction to the reference standards, working standards and product.
In those cases where an official standard in the material of the product does not exist, it is pgrmissible to
calibrate theg reference standard to an official standard of the same color in anéther similar groduct form.
For examplg, an ABS molded part reference standard could be calibrated tola'polypropylene|molded part
official standard. See Figure 4.

PRODUCT STANDARDS

PRODUCT A PRODUCT B
Q OFFICIAL STANDARD
REFERENEE STANDARDS Q

III

1 i Y

TERTIARY OR WORKING STANDARDS

RIGURE.4—NETWORK SHOWING THE RELATIONSHIPS BETWEEN OFFICIAL,
REFERENCE, AND WORKING STANDARDS

For prOdUCt A, thc uff;u;a: IUfUIUI oo Al Id AAAYA Ir\;lly Otal |da|do havc thc LAl UUIIIHUD;t;UII Al Id ﬂOnStrUCtion

as the product. An official standard was not prepared for product b. In this case, the reference and
working standards have the same composition and construction as the product.
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6.1.2 STANDARDIZATION PROCEDURE

A quantity of reference standards is prepared and instrumentally referenced to the official standard (see
section 4.5.1). At this point, the official standard should be labeled, dated, and placed in storage. Proper
storage requires that the standards be stored so as to preserve their color by minimizing the influence of
factors such as light, temperature, and contamination. Both the customer and the supplier should retain a
quantity of reference standards. These, also, should be labeled, dated, and placed in storage. One of
these reference standards at a t|me should be deS|gnated as the current reference standard and this

standard sh
discarded 4|
reference tq
quantity of

standard. O
are labeled
operator to

that the colg
working sta
discarded a
standards s
from its assi
the standardg

6.2
One instrum

reference bg
a "referee" i

secondary ipstrument. Measurements from,the master instrument shall be used to calculate

using illumin
the official
measureme
reference ar
standard. Th

Instrument Procedures

other reserved reference standards or, ultlmately, to the official standard.
working standards is prepared and instrumentally referenced to the ‘curre
ne of these working standards is designated the current working standard and t

compare specimens of the product to the established standard.dktis from a work|
r tolerances are applied to judge the acceptability or unacceptability of a samp
ndard is judged unreliable, by reference to the current reference standard,
nd a fresh working standard substituted. The reliability_of reference standards
nould be evaluated on a scheduled basis. If the current/measurement of the sta
gned values by more than the greater of 0.2 scale.units or 0.1 times the tolerancsg
should be discarded.

ent is designated as the master instrument. Its primary purpose is to provide the
tween the official standard and any, reference standard. An additional purpose is
nstrument in the event of any dispute or question concerning any lower level sta

ant D65 and the 10 degrees standard observer when metamerism may be pres
standard and the reference standard. Secondary instruments are used
nt and control of finished product. They also serve to determine the relations
d working standards-as well as to determine the reliability of a particular referend
e network of instruments and standards is illustrated in Figure 5.

dated, and placed in storage. Working standards are used routinely by thg

it should be
ermined by
Similarly, a
t reference
e remainder
instrument
ng standard
le. When a
t should be
and working
hdard varies
range, then

nstrumental
to serve as
ndard or any
color values
Ent between
for routine
Nip between
e or working
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FIGURE 5
INS

6.3 Syste

A color cont

personnel. A

instrument

INSTRUMENT PERFORMANCE
STANDARDS

B

e—a

PRODUCT STANDARDS

BLESE

E

SECONDARY INSTRUMENTS

[ =

[

L

\
.
]
k
|

m Maintenance

ny measurement is only an approximation of the exactly current state of the mat
being used. Care should be used in both the setup of the program and th

maintenance of the program to insure consistent and reliable results. Proper attention to ¢

including the
control prog

integrity.
6.3.1

Instrument
periodically
standards a
2.1.7).

6.3.2 EXT

INST]

use of unbiased external resources, should be considered to insure the integrity
ram. The intent of this seetion is to recommend certain practices that should

RUMENT VERIFICATION PROCEDURE
performancéstandards that are independent of the product standards should

verify the—performance of master and secondary instruments. Instrument
e avdilable from the instrument manufacturer or from an independent source (s

—NETWORK SHOWING THE RELATIONSHIPS BETWEEN MASTER AND SE(
STRUMENTS AND INSTRUMENT PERFORMANCE AND PRODUCT STANDARDS

rol program is a complex scheme involying product, instruments, standards, prog

CONDARY

edures, and
erial and the
b necessary
prtain areas,
of any color

ensure this

be used to
performance
pe reference

ERNAL VERIFICATION SERVICE

Outside resources are useful in the verification process (see reference 2.1.8). They provide an unbiased
reference as to the performance of both the instruments and personnel involved in the program.
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7. Measurement Practices
7.1 Exterior Finishes and Other High Gloss Applications
7.1.1  ScoPe

The practice

7.1.2

described in this section refers to high-gloss exterior paints and decorative films.

The instrumgnt used for these measurements shall conform to one of the sets of illuminating
geometries pecified in section 4.6. When a single illuminating/viewing geometry is*used
finishes confaining oriented flake type pigments, it is possible that the specimen and stan

match for o
the standard
geometry m

7.1.3 SPE

Specimens
as specified
least 3 x5
area to be n

7.1.4 SPE

Specimen a
care must b
these areas

7.2 Textil
721 Sco

The practics
not limited tg

7.2.2 INST

INSTIRUHMENT

er measurement geometries. Visually, the observed effect is that‘the/specimer
at some viewing angle and not match the standard at others. Forthese applicati
basurements will provide better control of geometric differences.\See B.1.3.

CIMEN PREPARATION

bf exterior finishes should be prepared using appropfiate substrate, primer and fi
for the end use of the product. For other than¢preduction parts, specimen size

h (75 x 125 mm). Specimens must be clean and free from scratches and other d
easured. The specimen should be similar t0.the standard in gloss and texture.

CIMEN PRESENTATION
nd standard should be oriented inithe same direction. When making multiple me

e taken to avoid the edges_of the panel because of the tendency for excessive
The number of measurements required shall be determined as described in sect

[14

S
PE

describedhin this section refers to colored fibrous materials. These products ing
body, eloth, headlining cloth, carpet, webbing, straps, and flocking.

RUMENT

and viewing
to measure
Hard will not
may match
bns, multiple

m thickness
should be at
efects in the

asurements,
film build in
on4.7.

lude but are

The instrument used for these measurements shall conform to one of the sets of illuminating and viewing
geometries specified in section 4.6.
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7.2.3 SPECIMEN PREPARATION

Textile specimens must be prepared before presentation to an instrument. Specimens must be clean and
free from lint, creases, and other distortions. A lint roller or brush should be used to clean the specimens.
Pile fabrics and carpet must be oriented in the natural direction of pile lay. Once the direction is identified,
a lint roller or brush should be used to orient the pile. Textile specimens and standards should be similar
in luster, texture, and physical form. For additional information, specific to textiles (see reference 2.1.11).
For multicolored pattern textiles, the individual components of the pattern should be visually similar to

th fth aiandard|icra-a-chaoawa-hwo-apaakmmana-that-arassiaalbh—diffarant-bid-nmaras
ose O e stanaate YUuTC U STOWS WU SPCUNTICT IS tiatrarcvisuany  aimreTo T oo o e Toa

Color difference readings between these two specimens would be meaningless.

FIGUR

While the n
because thg
standard pa

NOTE—The
pos

STANDARD SAMPLE

AYERAGE OF n READINGSg AVERAGE OF n READINGS:
L= 50 L= 50 oL*= 0
a= i} as i) oc* = 0
b= 0 p= 0 DH* = 0O

nean color differenice scale readings are within tolerance, the specimen is U

individual components of the pattern do not visually match the individual compg
tern.

size 0f textile specimens should be approximately 200 x 250 mm (8 x 10 in).

y the same.

RE 6—HYPOTHETICAL'EXAMPLE OF A MULTICOLOR SPECIMEN AND STANPARD

nacceptable
nents of the

If this is not

bible} as may be the case for webbing and straps, a 250 mm (10 in) length of ‘

widt

rshoutd-beused:

he standard
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7.2.4 SPECIMEN PRESENTATION

Multiple readings are required to account for variation in color and to minimize the influence of
directionality. Accordingly, the determinations of standard deviation (see section 4.7.1) and sampling
number (see section 4.7.4) are modified for textile specimens. The standard deviation is determined from
12 specimen readings with each reading in a different position and with the 12 readings evenly
apportioned to specimen orientations of 0°, 90°, 180°, and 270° in relation to an arbitrarily selected
reference d|rect|on on the speC|men In order to minimize the mfluence of dlrectlonallty for all
illuminating/yewirg-geeme H must be used.
Therefore, the allowed samplmg numbers for textiles are 4, 8, 12, 16 etc. The text|le sampling number
shall be the| sampling number (see section 4.7.4) raised to the next larger multiple ofifourl. The textile
specimen measurement shall comprise the specified number of readings in N different positipns with N/4
of the readipgs in each of the four orientations. Figure 7 illustrates the positions ‘and orientgtions of the
readings for|a textile specimen with a sampling number of four.

®
® ¢ @
®

FIGURH 7—FORSTEXTILE SPECIMEN MEASUREMENT, A MINIMUM MEASUREMENT IS THE
MEAN'QOF FOUR READINGS WITH EACH READING TAKEN WITH A DIFFERENT
SPECIMEN AREA AND SPECIMEN ORIENTATION AS ILLUSTRATED
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If the specimen is not fully opaque, several layers of material may be required to obtain a valid
measurement. To determine whether an additional layer is necessary, two readings, one with a white
substrate, and one with a neutral black substrate with reflectance values less than 5% shall be taken. If
the DL*, DC*, and DH* values of the two readings are all less than the greater of 0.2 scale units or 0.1
times each tolerance range, an additional layer of material will not be required. The backing for all textile
color measurements shall be a neutral black with reflectance values less than 5%. The measurement
shall be made at the plane of the specimen port. See reference 2.1.11 for additional information specific

to textiles. The use of glass at the aperture shall be permitted for pile specimens if the subsequent

i .1.11) and if
brs may find

that the number of readings required for averaging to comprise a single measurement i$ fewer with

proper use qf glass then without.

7.3 Colorgd Trim

7.3.1 Scope

The practicg described in this section refers to materials that are_pigmented and generally have low

gloss. Thesg¢ include painted low-gloss and semi-gloss parts, leather, coated fabrics, unsypported low

gloss film, apd color-impregnated plastics.

7.3.2  INSTRUMENT

The instrumgnt used for these measurements shall conform to one of the sets of illuminatingland viewing

geometries $pecified in section 4.6.

7.3.3  SPE[IMEN PREPARATION

Specimens must be clean and free fram,'scratches and other distortions. Specimens should pe similar to

the standarq in gloss and surface texture. When measuring multicolor patterned materials and parts, the

individual cglor components shogld*be similar in pattern and general color. Multicolor parts Imust not be

compared il measurement to-selid color parts.

7.3.4 SPELIMEN PRESENTATION

For materials of a directional nature, specimen and standard should be oriented in the same direction.

Materials apd parts described in this section are presumed to be essentially opaque. If some light

transmission is-ikely, use a neutral black sample backing with reflectance values less than 5%. Sampling

of solid colorpartsandmutticotorpartsshattconformrtotheguidetmesmsection4-7-
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8. Notes

8.1 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 TEXTLIES AND FLEXIBLE PLASTICS COMMITTEE
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