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1. Scope E 430 Test Methods for Measurement of Gloss of High-

1.1 This test method describes the measurement of the Gloss Surfaces by Goniophotométry
distinctness-of-image (DOI) gloss of coating surfaces using 2-2 Other Standards: _ .
electro-optical measuring techniques. The coatings must be ISO 10216 Anodized Aluminum and Aluminum Alloys—
applied to planar rigid surfaces. The scale values obtained from  Instrumental Determination of Image Clarity of Anodic
the alternative methods cited do not agree. Oxidation Coatings—Instrumental Metrbd

1.2 Three test methods are covered as follows:

1.2.1 Test Method A-Gloss reflectance factor measure- o ) . .
ments are made on the specimen at the specular viewing angle3-1 Térms and Definitions in Terminology E 284 are appli-
and at an angle slightly off the specular viewing angle. The@ble to these methods.
values obtained are combined to provide a DOI value. Very 3-2 Definitions: _
narrow source and receptor aperture angles are used in the3-2-1 distinctness-of-image glose—aspect of gloss char-
measurements. acterized by the sharpness of images of objects produced by

1.2.2 Test Method B-The light through a small slit is reflection at a surface (E 284). _
projected on the specimen surface and its reflected image 3.2.1.1 Discussior—This quality is sometimes called Image

intensity is measured through a sliding combed shutter t&1amty: _
provide a value of image clarity. 3.2.2 gloss reflectance factor, [R—ratio of the specularly

1.2.3 Test Method €-The light through a pattern is pro- reflected part of the (whole) flux reflected from the specimen to
jected on the specimen surface and its reflected image intensifffe flux reflected from a specified gloss standard under the
is measured directly to provide a value of image clarity. same geometric and spectral conditions of measurements

1.3 This standard does not purport to address all of the (E 284). ) )
safety concerns, if any, associated with its use. It is the 3-2-2.1Discussior-The gloss standard may be a black

responsibility of whoever uses this standard to consult an@!@ss or mirror and may be assigned one of a variety of scale

establish appropriate safety and health practices and deterY@lues as specified. _
mine the applicability of regulatory limitations prior to use. 3.2.3 specular anglen—the angle of reflection equal and
opposite to the angle of incidence (E 284).

3. Terminology

2. Referenced Documents

21 ASTM Standards: 4. Significance and Use

D 523 Test Method for Specular Gldss 4.1 Animportant aspect of the appearance of glossy coating
D 823 Practices for Producing Films of Uniform Thickness Surfaces is the distinctness (clarity) of images reflected by
and Related Products on Test Pafels them. The values obtained by the measuring procedures given
D 2457 Test Method for Specular Gloss of Plastic Films and" these methods generally correlate well with visual ratings for
Solid Plasticd DOI (image clarity)? .
D 3964 Practice for Selection of Coating Specimens for 4-2 Although Test Methods D 523 and D 4039 are useful in
Appearance Measuremefits characterizing some aspects of glossy appearance, they do not
D 4039 Test Method for Reflection Haze of High-Gloss Provide satisfactory ratings for DOI (image clarity).
Surface? 4.3 The measurement conditions given conform to the
E 284 Terminology of Appearante conditions specified in Test Methods E 430.

4.4 The measurement conditions given in Test Methods B

and C conform to the conditions specified in ISO Standard
* These test methods are under the jurisdiction of ASTM Committee D-1 on Pain1 0216.
and Related Coatings, Materials, and Applications and is the direct responsibility of
Subcommittee D01.26 on Optical Properties. -
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4.5 The scale values obtained with the measuring proceclose to 1.527 may be used as a standard if its assigned value
dures of these methods range from 0 to 100 with a value of 10Bas been established by measurement against the primary
representing perfect DOI (image clarity). standard or by computation from its refractive index using the

4.6 The DOI (image clarity) scale value does not of itself, Fresnel equation.
indicate any specific cause for reduction in reflected image 8.2.1 It shall be assigned a scale valueXQf= 89.4 for a
sharpness. Surface irregularities such as haze, orange peel, apecular angle of 30°, @&, = 89.2 for a specular angle of 20°.
wrinkle, when present, may be cited as causes for reduction of N

. ote 1—Each 0.01 increment in index of refraction produces a change
image sharpness.

of approximately 3 units in the assigned scale value of polished black

5. Preparation and Selection of Test Specimens glags for 20° geometry andoa change of approximately 2.5 units in the
assigned scale value for 30° geometry.

5.1 These test methods do not cover techniques for the Note 2—To determine the scale value, calculate the first surface
preparation of test specimens. Whenever preparation of tegfresnel) reflectance (see Test Method D 2457, 5.1nfpr 1.567 and
specimens is required, use one of the procedures given fRe specular angle of interest; for 30° it is 5.0436 % and for 20° it is
Practices D 823. Selection of specimens for measuremerit% %. Assign this a scale value of 100 (see Test Method D 523, 7.1).

. - . epeat the calculation far, = 1.527 and the same specular angle; the
should be done in accordance with Practice D 3964. result for 30° is 4.5069 % and for 20°, 4.3769 %. The new scale value for

; 30° is 100X (4.5069/5.0436) 89.4, and for 20°, 10( (4.3769/
6. \C/:.(S)rr::a;gr;gft%isgfltfmoaf -I(;eSDté\:lﬁt(g%clj’lsc/)Af\'CBong Cto 4.9078)= 89.2. (The latter figure is identical to that given in Test Method
Slurlliaces pt g IStinct ing D 523 for the same angle.)

6.1 An analysis of the results of a round robin conducted bya 8.3 Verification Standards-Depolished opaque black glass

Jand ceramic tile having uniform, planar surfaces are suitable
Task Gropp D 01.26.11 demon_strates th_e level of correlatio hen calibrated against a primary or working standard on an
between instruments currently included in these test metho

d with visual oM ridged goniophotometer or gonioreflectometer known to
and with visuai perception. meet the requirements of Test Method A.
TEST METHOD A

9. Standardization of Apparatus

7. Apparatus 9.1 Adjust the instrument to read the assigned scale value of
7.1 Abridged Goniophotometer or Gonioreflectometer the polished black glass standard. Take readings on verification

which can be set to the beam and aperture angles indicated §@ndards whose assigned values cover the range of the

Table 1. instrument scale. The readings of the verification standards
7.1.1 Geometric Conditions-The axis of the incident beam Should agree within=1 unit of their assigned values.

shall be 20 or 30° from the perpendicular to the specimeng. procedure

surface. Provisions shall be made so that receptor settings will 10.1 Position the specimen on the instrument. Place a clam
be at the specular angle and at an angle of 0.2 to 0.4° off the ~ ™" b | P

specular angle. Suitable angular dimensions of the image of the weight on the specimen to flatten it Takg a readiigat the .
specular angle. Without moving the specimen, take a reading,

source aperture and angular dimensions of the receptor ap " at a receptor angle of 0.2 to 0.4° off the specular angle.

tures are given in Table 1. .
7.1.2 Spectral Conditions-The measurement shall be made 1022 Repeat this procedure on at least two other areas of the
with visible radiation (light) to give results in accordance with specimen. . .
10.3 Take readings on the standards at the end of the series

the CIE spectral luminous efficiency. . . )
S L . of specimen readings to ensure that the instrument has re-
7.1.3 Polarization—The incident flux shall be unpolarized . . S .
mained in calibration throughout the operation.

and the receptor shall be insensitive to the state of polarization
of the reflected luminous flux. 11. Calculation

8. Reference Standards 11.1 Combine the specular angle readiRg, with the off

8.1 Primary Standare~Highly polished, planar black glass specular readingy o as follows:

with a refractive index of 1.567 for the Sodium D Line shall be DOI = [1 — (RyJRY] X 100 @

assigned &, value of 100 on the instrument reading scale.  Nore 3—Some instruments perform this calculation internally and
8.2 Working Standard (Intermediate-Scale Standard) provide a direct reading of DOI.

Highly polished, planar black glass with a refractive index

12. Report
TABLE 1 Angles and Dimensions of Source Image and 12.1 Report the following information:
Receptors 12.1.1 Rs
Dimensions of Dimensions of the Dimensions of 12.1.2 Ros
Source Image at Viewed Area at  the Viewed
Sample Plane, ° Sample Plane, ° Area DOI, ° igii :\/le%n DO, | d q
Center of window 20 or 30 20 or 30 0.3 *0.1 v ncident angle used, an
WidthA 0.44 0.38 014 12.1.5 Instrument used.
Length® 7.0 4.0 4.0

— - 13. Precision and Bias
In plane of the angle of reflection. L L .
BAcross the plane of the angle of reflection. 13.1 Precision—Precision data are not available. When an



Test specimen

Light source

Sliding combed shutter

X

Photo-receiver
DIMENTATIONS HA-ICM
A—SIit—0.1 mm
B—Light Angle—22°
C—Silit/Lens Dist.—50 mm
D—Lens—f 50mm
E—Lens/Test Spec. Dist.—50 mm
F—Test Spec./Lens Dist.—50 mm
G—Lens—f 50 mm
H—Lens/Com. Shut. Dist.—50 mm
|—Light Angle—22°
J—Shut./Slit Length—10 mm
K—Shut./Slit Width—0.5 mm
L—Shut./Slit Space—0.5 mm

FIG. 1 Testing Apparatus for Image Clarity Measurement

interlaboratory test has been conducted, precision statemeritstrument may be found in ISO 102%6.
will be established from the test results. 5 Ref Standard
13.2 Bias—Bias cannot be determined because there is n(} - Relerence standards

accepted reference procedure for determining true values. ~ 15.1 Primary Standare—Highly polished, planar black
glass with refractive index of 1.567 for the Sodium D Line

TEST METHOD B shall be assigned a value of 100 on the instrumental scale.
14. Apparatus 15.2 Working Standard (Intermediate-Scale Standatd)
' ) o ) Highly polished, planar black glass with refractive index close
14.1Image Clarity Meter consisting of a light source, a to 1.527 may be used as a standard if its assigned value has
sliding combed shutter, a photo-receiver, and a device fopeen established by measurements against a primary standard

analyzing image intensities (see Fig. 1). o or by computation from its refractive index using the Fresnel
14.2 Principle—The light through a small slit is projected equation as follows:
on the specimen surface, and its reflected image intensity
through a sliding combed shutter is measured.
14.3 Geometric Conditions-The axis of the incident beam Note 5—Each 0.01 increment in index of refraction produces a change
shall be 60° from the perpendicular to the specimen surface,
and the photo-receiver shall be at the mirror reflection of the———
axis of the incident beam. The source slitis 8:10.02 mm in ® The sole source of supply of the meter Model HA-ICM, Image Clarity, known
width, and the photo-receiver shall receive a reflected imagg’ the committee at this time is Suga Test Instruments Co., Ltd., 4-14, Shinjuku
. . : —chome, Shinjuku-ku, Tokyo, 160 Japan. If you are aware of alternative suppliers,
thrOUQh a combed shutter of 18 slits of 7.5 mm in width. please provide this information to ASTM Headquarters. Your comments will receive
careful consideration at a meeting of the responsible technical comrmitthizh
you may attend.

Gs= 93.6 for 60° )

Note 4—A more complete description of the spectral geometry of this
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of approximately 1.6 units in the assigned scale value of polished black
glass for 60° geometry.
Note 6—To determine the scale value, calculate the first surface 00
(Fresnel) reflectance (see Test Method D 2457, 5.1nfp# 1.567 and
the specular angle of interest; for 60° it is 10.0056 %. Assign this a scale
value of 100 (see Test Method D 523, 7.1). Repeat the calculation for
np, = 1.527 and the same specular angle; the result for 60° is 9.3636 %.
The new scale value for 60° is 100(10.0056/9.3626% 93.6. (This 50
figure is identical to that given in Test Method D 523 for the same angle.)

15.3 Verification Standards-Depolished opaque black

il

glass and ceramic tile having uniform, planar surfaces are e
suitable when calibrated against a primary or working standard an
on an image clarity meter known to meet the requirements of 0

Test Method B.

FIG. 3 Example of Wave Form of Received Light Obtained with

16. Standardization of Apparatus Test Specimen

16.1 Adjust the apparatus to read the assigned value of the
polished black working standard. Read the verification stan-
dards whose assigned values lie within the range of th?m
instrument scale. The readings of the verification standard
should agree withint1 unit of their assigned values.

age of the slit at the sliding combed shutter passes com-
Eletely through the space of the comb, when the center of the
comb space coincides with the image. This generates a
17. Procedure maximum light intensity on the photo-receiver. When not

completely flat and smooth, depending on the degree of

17.1 Place the specimen to be read on a flat surface. ) . f the liaht. the i h h th
17.2 Place the apparatus on the specimen surface and re3FPersion of the light, the image can not pass through the
and generates a minimum light intensity.

C, the value of image clarity. Take readings at three differenfOMP completely, g€ S a u
areas of the specimen surface. These maximum and minimum light intensities correspond to

17.3 Take reading of the working standard at the end of"€ |mage.clar|ty. o _ _
series of specimen readings to ensure that the apparatus had8.3 This calculation is performed internally by the instru-
remained in calibration throughout the operation. ment and a direct reading @, the value of image clarity is

) provided.

18. Calculation

18.1 Calculate the image clarity value from the maximumi19. Report
and the minimum light intensities, which the photo-receiver

measures, using the following equation (see Fig. 2 and Fig. 3): 19.1 Report the following information:

19.1.1 Mean image clarity values, and

M—m
C =1+ X 100 3 19.1.2 Instrument used.
where: _ 20. Precision and Bias
C = image clarity value, %, . . .
M = maximum light intensity, and 20.1 Precision—Precision data are not yet available. The
m = minimum light intensity. precision of this instrument is currently under investigation,

18.2 When the test specimen has a completely flat an#hich will lead to be the development of a precision statement.
smooth surface and the shutter is slid laterally, the reflected 20.2 Bias—Bias can not be determined because there is no
accepted reference procedure for determining true values.

100 ﬂ
21. Apparatus

21.1 Image Clarity Meter consisting of a light source, a
pattern, an image sensor, and a device for analyzing image
50 intensities (see Fig. 4).

21.2 Principle—The light through a pattern is projected on
the specimen surface, and its reflected image intensity is
analyzed by Fourier transform analysis.

TEST METHOD C

|

0 21.3 Geometric Conditions-The axis of the incident beam
shall be 20° from the perpendicular to the specimen surface,
FIG. 2 Wave Form of Received Light Obtained with Black and the image sensor shall be at the mirror reflection of the axis

Working Standard of the incident beam. The source pattern (25 mm-wide) of 200
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@

Light source

Lens
/ @

Pattern

Image sensor

@

Test specimen

DIMENTIONS HA-NSIC

A- Light Source - 12V; 20W

B- Lens - f 45 mm

C- Pattern C1 - 6 mm
C2-63.5um
C3 - 63.5um

D- Pattern/Lens Dist. — 26 mm

E- Lens — f 50 mm

F- Lens/Test Spec. Dist — 100 mm

G- Light Angle — 1.39°

H- Inc./Ref. Angle - 20°

|- Test Spec./Sen. Dist. — 489 mm

J- Im. Seh. 1024ch ccd — 14.33 mm

FIG. 4 Testing Apparatus for Image Clarity Measurement

slits, and an image sensor receives a reflected irhage. Gs= 89.2 for 20° (4)

22. Reference Standards Note 7—Each 0.01 increment in index of refraction produces a change
22.1 Primary Standard-Highly polished, planar black of approximately 3 units in the assigned scale value of polished black
glass with refractive index of 1.567 for the Sodium D Line glass for 20° geometry.
shall be assigned a value of 100 on the instrumental scale. Nore 8—To determine the scale value, calculate the first surface
22.2 Working Standard (Intermediate-Scale Standard) (Fresnel) reflectance (see Test Method D 2457, 5.1nfps= 1.567 and
Highly polished, planar black glass with refractive index closethe specular angle of interest; for 20° it is 4.90 %. Assign this a scale value
to 1.527 may be used as a standard if its assigned value hgk 100 (see Test Method D523, 7.1). Repeat the calculation for
been established by measurements against a primary stand&rd™ 1.527 and the same specular angle; the result for 20° is 4.3769 %.
or by computation from its refractive index using the FresnelfT_he new scale value for 20° is 100(4.3769/4.9078)= 89.2. (The latter
equation as follows: igure is identical to that given in Test Method D 523 for the same angle.)
22.3 Verification Standards-Depolished opaque black
" The sole source of supply of the meter Model HA-NSIC, Image Clarity, known g|§SS and Ceram_lc tile haV|_ng umf(_)rm’ planar S_urfaces are
to the committee at this time is Suga Test Instruments Co., Ltd., 4-14, Shinjuk$Uitable when calibrated against a primary or working standard

5—-chome, Shinjuku-ku, Tokyo, 160 Japan. If you are aware of alternative suppliergn an image C|arity meter known to meet the requirements of
please provide this information to ASTM Headquarters. Your comments will receive-l-est Method C

careful consideration at a meeting of the responsible technical comrhittéech :

you may attend.
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23. Standardization of Apparatus 26. Report

23.1 The standardization of an apparatus is internally per- 26.1 Report the following information:
formed when the polished black working standard is set on the

26.1.1 Mean image clarity values, and
apparatus.

26.1.2 Instrument used.
24. Procedure

24.1 Place the specimen to be read on a flat surface. ~ 27. Precision and Bias

24.2 Place the apparatus on the specimen surface and reac7.1 Precision—Precision data are not yet available. The
near specular image clarity (NSIC), which represents a oranggyecision of this instrument is currently under investigation,
peel that is a distortion of a reflected image. NSIC-2 representgpich will lead to be the development of a precision statement.
a contrast that is an impression of a cloudiness of a reflected 27 2 Bias—Bias can not be determined because there is no
image. These readings give values of image clarity. Take =" .
readings at three different areas of the specimen surface. accepted reference procedure for determine true values.

24.3 Take reading of the working standard at the end of
series of specimen readings to ensure that the apparatus & Keywords

remained in calibration throughout the operation. 28.1 distinctness of image; gloss; high gloss surfaces; image

25. Calculation clarity

25.1 The calculation is internally performed by Fourier
transform analysis, and direct readings of two kinds of image
clarity values, NSIC and NSIC-2, are provided as stated in
24.2.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



