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GENERAL MOTORS ENGINEERING STANDARDS

Materlals and Processes - Procedures

PROCEDURE FOR COLOR AND FINISH INSPECTION
GM9220P

1 SCOPE. This procedure provides the requirements to
evaluate colored materials for appearance. The MacBeth
Spectralight provides the common lighting conditions neces-
sary for this inspection. Applicable materials include textiles,
colored plastics, paints, etc.

2 EQUIPMENT. The MacBeth model SPL 75L-2 (Spee-
tralight) Overhead Color Matching Dual Luminaire or GM
approved equivalent is required for color and appearance
inspection purposes per requirements of ASTM D1729

2.1 LIGHTING SOURCES. Only MacBeth approved bulbs
are to be used. The following lighting sources are utilized by

the MacBeth Spectralight:

North Sky Daylight (7500 + 200 Keivin). This light source
is provided by two 750 W Tungsten Halogen Lamps per
bank used in conjunction with MacBeth Daylight Filters.
Cool White Fluorescent (4150 + 200 Kelvin). This lighting
source is provided by two 30 W Cool White Fluorescent
tubes per bank.

Horizon Light (2300 £ 200 Kelvin ). This light source is
provided by four 500 W Tungsten Halogen Lamps per
bank. This light simulates early morning sunrise or late
afternoon sunset conditions.

Ultraviolet Source. This light source is not visible light so
there is no Kelvin value associated with this source.
Ultraviolet light can be used alone or with any of the
above light sources to exaggerate the effects of optical
brighteners, whitening agents, fluorescent pigments, dyes,
or resins. DO NOT USE ULTRAVIOLET LIGHT FOR A
COLOR MATCH DECISION.

2.2 LIGHTMETER. A GE 214 Lightmeter is recommended
for measuring light intensity.

3 INSTALLATION. Positioning of the lighting unit and
viewing area table should be in conformance with Figure 1 and
the MacBeth Operator’s and Service Manual. A 20 amp ther-
mal breaker and dedicated line with a NEMA configured
receptacle (20 amp) is required for operation of a single SPL
75L-2 unit, and a 40 amp thermal breaker and dedicated line is
required for a dual SPL unit.

4 VIEWING ENVIRONMENT. The lighting unit(s) and
thcvxcwmgpcrchshallbcplaoedmanamathatwﬂlnotadmﬂ
any ambient light into the viewing environment. An enclosed
room is the preferred location for light installation. If a room is
not available an enclosing curtain is suitable.

4.1 ENCLOSING CURTAIN. An enclosing curtain dull in
finish and light neutral gray in color should surround the view-
ing arca to prevent cxtrancous or ambient light from entering
the evaluation area. Munsell N7 neutral gray is required for
this purpose. Neutral gray cloth yardage which fulfills this
requirement is available under Material Number 5233-EX
from Textileather, 26877 Northwestern Hwy, Southfield MI
48034.

4.2 ENCLOSED VIEWING ROOM. The walls and viewing
surface shall be painted with Munsell N7 flat paint (procurable
from any major paint supplier). A typical paint formula is PPG
Base Number 80-110 Interior Flat Latex formulated to B-46,
1~2Y, O-12. This mix will yicld one gallon.

4.3 PERCH MATERIAL. Gray foam rubber, number N9699,
suitable for the surface of a perch, is available from Uniroyal
Inc., 3250 Big Beaver Road, Suite 510, PO Box 3939, Troy
MI 48084. Contact the Plastics Sales Department and request
"MacBeth Foam" or call (313) 649-8244. The foam rubber
should be replaced every year or less if excessive use has
soiled the foam.

4.4 ENCLOSURE SIZE. The size of the room the lighting
unit is placed in should allow for comfortable viewing. There
should be enough room to view materials from all angles and
from several feet in front of the perch.

5 MAINTENANCE. Lighting levels should be checked
with a calibrated lightmeter at least once a week.
Measurements should be taken directly under cach daylight
bulb with the lightmeter resting on the perch or the measuring
surface of the lightmeter shall be located 70 to 80 mm above
the surface of the perch if a meter other than a GE 214 is used.
Maintaining a control chart will help allow the monitoring of
proper light levels. The lighting unit should be calibrated a
minimum of once a month as described in the MacBeth
Manual with a voltagemeter that reads true RMS voltage such
as a Simpson 467 or a Fluke §026B. If a2 minimum foot-candle
reading is not achieved check the following conditions for pos-
sible causes for a low reading: input voltage, lighting unit
cleanliness, bulb condition, tolerances of light-to-perch geome-
tries:

a. North Sky Daylight 750 W Lamps should be
replaced after 400 h of burning life or if the lighting
level falls below the acceptable range. At this time,
ALL daylight bulbs should be replaced. Daylight
lamp replacement should be provided by MacBeth
approved replacement lamps only to assure the main-
tenance of proper color temperature. The intensity of
the daylight bulbs shouid fall between 100 to 120
foot-candles. The diffusers on the daylight filters
with cracks or broken and missing pieces of filter
glass need to be replaced.

b. Cool White (F36T12/CW) and Ultraviolet (F30T8/
BLB) sources are provided as fluorescent lamps with
a rated life of 7500 h. These lamps should be
changed at half-life or 3750 h to insure the integrity
of the color temperaturc of the source. The light

- intensity of the Cool White source should be a mini-
mum of 90 foot-candles. Cool White Fluorescent
and Ultraviolet lamp replacement should be
provided by MacBeth approved replacement lamps
only.

c. Horizon 500 W lamps may be used to full extent of

life or approximately 2000 h. The intensity of the
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Horizon Light should be a minimum of 90 foot-can-
dles. Horizon Lamp replacement should be provided
by MacBeth approved replacement lamps only.

5.1 CLEANING. Clcaning of the lighting units is recom-
mended at least every 3 months or more if the unit is located
in an area where there is a high amount of airborne dust or
lint. A mixture of alcohol and water or a glass cleaner that
does not leave a residue is recommended for cleaning the
lighting unit. Clean only when the units are cool. The daylight
filters, aluminum reflector for the daylight bulbs, glass cover,
and the other interior portions of the light need to be cleaned.

6 OPERATION - VISUAL COLOR EVALUATION.
Evaluation under the North Sky Daylight should be the pri-
mary lighting condition used for shade evaluation and
inspection purposcs. Cool White Fluorescent and Horizon
Light should be used for determining the presence of metamer-
ism. A match under Fluorescent lighting is more critical than a
match under Horizon Lighting.

6.1 DEFINITIONS.

6.1.1 Color Attributes. The color of a material can be
described by three basic attributes:

Hue - The attribute of color perception by means of which
an object is judged to be red, yellow, green, blue, or inter-
mediate between some adjacent pair of these.

Lightness or Value - The attribute of color perception by
means of which an object is judged to appear light or dark
to an object of the same hue and chroma.

Saturation or Chroma - The attribute of color perception
that expresses the degree of departure from gray to the
same lightness, and in the case of metallic colors, the same
degree of metallic chroma.

Figure 3 shows a diagram of Munsell hue, value, and chroma
and their relationships to one another.

6.1.2 General.

Master Standard - The appropriately identified, Color and
Finish Engineering approved standard sample to which
like materials are evaluated against.

Sample - The material or part that is evaluated for color
and appearance match to the master standard.

6.2 VIEWING CONDITIONS. There should be no other
materials present on the perch when samples of one color are
being viewed. Also there should not be any distracting or
brightly colored decorations present. Persons wearing bright or
very chromatic clothing should wear a covering such as a
smock of a neutral gray color the climinate the influence of
extrancous color. Persons viewing color shall not wear tinted
contacts or glasses as this affects perceived color. Smoking
shall not be allowed in the area in which the light is located.

6.3 VIEWING AND POSITIONING. Samples should be
Placed on the perch at approximately eye level and in the cen-
ter of onc light bank. With the exception of materials that
require face, flop, or travel viewing it is important that the
samples be parallel in direction and touching one another on
the same viewing plane. Reflectance will vary with materials
and it is often necessary to move about the room so that the
hue, lightness, and saturation may be viewed accurately.

6.3.1 Fabric. These samples should be viewed looking into
the nap with the samples touching. The sample should be
placed so that when rubbing the material with the hand, the
nap feels roughest as the hand moves away from the body
toward the top of the perch.

6.3.1.1 Flop Matching. The sample and the master standard
shall match (with the nap running in the same direction for
both materials) when rotated 180 degrees and at intermediate
points in between.

6.3.2 Carpet. These samples should be viewed with the nap
running from the left of the perch to the right. Samples should
also be viewed looking into the nap and from the side to deter-
mine consistency of color match.

6.3.3 Painted or Glossy Surfaces or Plastic Materials.

These materials should be considered in 2 categories: 1) solid
or straight shade and 2) metallic colors. Solid colors should be
viewed from two positions, commonly referred to as the FACE
and FLOP positions as illustrated in Figure 4. The face posi-
tion is attained when the observed surface is vertical to the
observer, making the surface perpendicular to the line of sight.
The flop position is attained by rotating the sample away form
the observer and down 90 degrees from the face position.
These 2 viewing positions should be considered critical to all
color matching.

Metallic colors should be observed in the same manner. Some
additional attention should be given to the evaluation of the
intermediate angles between face and flop. Observation of the
intermediate angles, in a continuous motion, is commonly
referred to as Travel. Figure 4 also illustrates this viewing con-
dition. Differences in 2 samples (or a sample and Standard) of
the same color, may occur at the intermediate angle as a result
of varicd paint technologics or spray conditions. Color submis-
sions should not be rejected solely on the basis of variation at
this angle.

7 COLOR DISCRIMINATION TEST. All personnel
responsible for viewing colored material and parts must be
evaluated per the Farnsworth - Munsell 100 Point Hue Test. A
person scoring between O and 16 is considered to possess
SUPERIOR color discrimination; a person scoring between 20
and 100 is considered to possess AVERAGE color discrimina-
tion; and a person scoring above 100 is considered to possess
LOW color discrimination. The test shall be repeated once a
year to determine if a change in that person’s color discrimina-
tion has taken place.

8 SAMPLE SIZE. It is recommended that the mininum
size of roll good samples be at least 250 x 250 mm. For mate-
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