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RAPI D COLOR SHADI NG PROCESS Thi s RARRACEDNSHEETE| at e8Gt 0 a) process i
appar atus for shading paints M)mm‘riph'oa:-@ﬁ@ndar..dton:agm.ﬂ&;lo
Spr ay. systems are wel | known jih Ctde(spai nbageadusst toypafad Se) i n preparing
pai nted t 34484 S Typi cal L] ra-pageroghees.. SPloamesh .ONt o] poguisesbaspsinel
and baked%g 9£ predet er ni ned gj}ms@m pr gglgtie Red demperature to cure the

paint. This is followed by app},ygrng\;gg,%l(%q{,.Foat whi-ch is sprayed over the
basecoat and baked. ' “The resuFfant-—-panet—i-s-LHeA copared-agai nst the 15
standard col or panel and if there is a color &r ot her quality discrepancy,
the batch of paint with which the panel was sprayed is nodified
accordingly. The nodification process is known as shading. This

ti me-consunm ng procedure, particularly for t er - based basecoat and

sol vent - based cl earcoat systens, of applyi nﬁﬁéasecoat, baki ng, the
applying a cl earcoat followed byRAPIDTTOLOR SHADING PROCES$at ed for each
shading iteration until the sanple panel

5 FIELD OF THE INVENTION
This invention is related to a process and apparatus for shading
paints to match a standard paint. :

BACKGROUND OF THE INVENTION
10 Spray systems are well known in the paint industry for use in
preparing painted test panels. Typically, a basecoat is sprayed onto the test
panel and baked at a predetermined time and predetermined temperature to
cure the paint. This is followed by applying a clearcoat which is sprayed over
the basecoat and baked. The resultant panel is then compared against the
15 standard color panel and if there is a color or other quality discrepancy, the
batch of paint with which the panel was sprayed is modified accordingly. The
modification process is known as shading. This time-consuming procedure,
particularly for water-based basecoat and solvent-based clearcoat systems, of
applying a basecoat, baking, 'then"applying a clearcoat followed by baking,
20 must be repeated for each 'shading iteration until the sample panel
' representing the batch color matches the color standard to a predetermined
‘color tolerance range.
Traditionally, the shading process has been carried out by
- highly skilled and trained personnel who require extensive on-the-job
25  experience to achieve proficiency in their craft. Since visual shading at best is
an art, effective administration of the shading process was difficult. '
In recent years, such visual shading has been supplemented by
the use of apparatuses for instrumentally characterizing a paint or pigment .
composition. Colorimeters and spectrophotometers are well-known in the art
30  and are used to measure the amount of light reflected at varying light |
wavelengths in the visible spectrum by a painted opaque panel that is held at
~ agiven angle relative to the direction of the incident light source. For non-
meta_llit: paints, i.e., paints which do not contain any light-reflecting flakes or
platelets, the reflectance factor has a minimum reflectance variation with the
35 angle of the panel relative to the direction of incident light eéxcept at the gloss
~“specular) angle. Consequently, a single spe%gophotometric reading at any
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representing the batch color matches the color standard to a predeternined
color tolerance range. Traditionally, the shading process has been carried
out- by highly skilled and trained personnel who require extensive

on-the-j ob W0 s4/z583er i ence to achieve proficiency in their craknwxsunams

vi sual shading at best is an art, effective admnistration of the shading
process was difficult. In recent year, such visual shading has been

suppl emented by the use of apparatus for instrunentally characterizing a
pai nt or pignent conpositon. Colorineters and sgictrophotoneters wel | - known
in the art 30 and are used to neasure the amount of light reflected at

‘het 15 held at“’aée'g?Cgﬁézﬂ “@%Wg‘? pridbeE BFEREUMA afa) JhEf 15 RAG AR
light source. For non$h ethepRiAt.-s i . e., paints wich do not contain
any light-reflecting flakes or Mahmcqj‘amts,tdnahé othier hand ceontsin light-reflecting
m ninum reflectance V?faké& &f)sucw'xﬁﬂeﬁﬁg as aluminum, bronze, or coated mica. Such paints
5 are characterized by “two-tone” or “flip-flop” effects whereby the apparent
color of the paint changes at different viewing angles. This effect is due to the
orientation of the flakes in the paint film. Since the color of such metallic
paints will vary as a function of the angle of illumination and viewing, a single
spectrophotometric reading is inadequate to accurately characterize the '
10 paint. Typxcally, three multiangular measurements are used to derive color
constants for metallic paints. See, for example, U.S. Patent No. 4,479,718,
issued Oct.30, 1984 10 Alman. :
. The color of the paint is-described in L®, a* and b* values
which are coordinates in visual uniform color space and are related to X, Y
15 & Z tristimulus values by the following equations which have been specified
by the International Committee of Illumination:
L* defines the lightness axis
= 116(Y/Yo)!/3 - 16
a* defines the red green axis
20 . a* = 500[(X/Xo)¥3- (Y/Yo)1/3]
- b* defines the yellow blue axis
b* = 200[(Y/Yo)'? - (Z/Zo)'/3]

where : _ ,
Xo, Yo and Zo are the tristimulus values of the perfect white
25 for a given illuminant;

X,Y and Z are the tristimulus values for the color.

The color vector- for each of the colorants used to prepare the
paint are provided and determined as discussed above. The color vector is
the movement in color space, i.e., the change in the L*, a* and b* values

30  caused by the addition of a unit amount of each colorant used. For example.

| | dL*/oCt  oL*foC?  OL*foC
. the color vectors foracolor =  da*/8C! 0a*/oC?  da*foCs
' db*/oCy’  ob*/eC:  8b*/oCe
35
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35 angle of the panel relative to the direction of incident |ight except
at the gloss (specular) angle. Consequently, a single spectrophotonetric
readi ng at any speThis Steel HasBder Repldeéd pr oduce a refl ectance val ue by which
to accurately charact erl|i Metallic paints, ont r.apand, .
contai n IWEA#25889 | ect i ”M“E mﬁmﬁl ch materials as al unmi rﬁ%@gﬁ?g@ or
coated m ca. Such paints are characterized by "tw-tone" or "flip-flop".
ef fects whereby the apparent color of the paint changes at different

viewi ng angles. This effect is due to the ori3entation of the flakes in the
paint film Since the color of such netallic paints will vary as a function

of the angle of illum nation and view ng, a single spectrophotongtric
readi ng i s i nadequithere 612 and,(3iaye thegongentration of jpigment or tint used in the
color. :

_ The color technology used in the shading process is well known
-and is fully discussed in F. W. Billmeyer and M. Saltzman, Principles of Color
5  Technology, John Wiley and Sons, New York, 2nd Edition, (1981). Of
particular interest is an article by A. B. J. Rodrigues in Fifth International
Conference in Organic Coatings Science and Technology Proceedings,
Vol. 3, Advances in Organic Coatings and Technology Series. “Theory and
Implementation of Modern Techniques of Color Conception, Matching and

10 Control", p. 272-282, (1979).

- ~ The color measurement procedure can be automated through
use of a computer. See, for example, U.S. Patent No. 3,690,771, issued
September 12, 1972, Armstrong; and U.S. Patent No. 4,403,866, issued
September 13, 1983, Falcoff. .

15 The colorimeter used in the process is electrically connected to
a computer and preferably determines the L*, a* and b* values of the paint
being prepared and feeds these values back to the computer. The '
colorimeter views the paint through the visible light spectrum of 400-700
nanometers (nm) for example, at 20 nm increments and calculates the L*, a*

20  and b* values for the paint based on this data. It is possible to feed process
signals from the colorimeter generated by viewing the paint to the computer
and have the computer determine the L*, a* and b* values. '

- The computer takes these L*, and a* and b* values and

~ determines the difference between the L*, a* and b*® values of the paint

25 being prepared and tolerance values for the standard paint (AL*,Aa* and
Ab*). With the vector information of the colorants and the AL, Aa* and Ab®,
the computer determines the amount of each of the colorants that is to be

* added to bring the paint within the tolerance values for the paint and
activates the metering pumps which feed colorants into the mixing vessel.

30 The above procedure, is repeated until the paint being prepared is with L*,
a* and b* tolerance values of the paint. .

' Reiterative spraying and baking of test panels with basecoat
and clearcoat layers is a time consuming process. Typically, 25-40 minutes
are required to spray, flash and bake, typically at 220° F, a waterborne

35 basecoat. An additional hour is typically necessary to cool the test panel,
spray, flash and bake, typically at 275° F, the solvent-borne clearcoat over the



10" paint. Typically, three rrultlangul ar nmeasurenents are used to derive

color constants for rrm@ghgétgas%,m laceg€€, for exanple, U S. Patent No.
4,479,718, issued Oct. a{m The color of the paint is
15

destri bed vy dgirssd* an h are coordi nates in vPEDAISIMASIHr m
col or space an are reI & Z tristinmulus values by the

fol Low ng equations whi ch have been specified by the International
Conmittee of Illumination: L* defines the | i ght ness axis L* =

116(Y/ Yo)[err] - 16 a* defines the red green aXis 20 ax*

= 500[ (X/ Xo)[err] - (Y/Yo)[err]] b* defines the yellow blue axis b* =
2000 (Y/Yo)[err] - ( Yookt Tikte edHBEas many as 3-4 iterations, particularly for metallic
‘ paints, before the shading process will bring the paint batch into the range of
acceptability for color tolerances. - :
The present invention decreases the overall time required to
5  step through multiple iterations of the color shading process to reach an
| acceptable tolerance level for the batch of mixed paint, for both solid color
and metallic paints.

SUMMARY OF THE INVENTJON

10 This invention relates to an improved method for shading paint

' that matches the color values of a standard color paint. Transparent film
optically simulates the effect of reading color values through a conventional
clearcoat. Elimination of the need to apply clearcoat for every shading
attempt decreases the time required in shading a paint within acceptable

15 color value tolerances.

_ In one embodiment, a wet standard paint is sprayed onto the
transparent film and baked conventionally. This film serves as the reference
color plate against which successive trasparent film sprayouts are'compared
in the shading process.

20 In another embodiment of the invention, the transparent film
is prepared in parallel with a conventional color standard plate, and the
difference in color values measured by a colorimeter or spectrophotometer is
used as an offset reading for measurements against subsequent shading hits

. using only the transparent film. When the paint is within predetermined color

25  tolerance values, a conventional plate is made for final color analysis.

DETAILED DESCRIPTION OF THE INVENTION
In the present invention, a clear Mylar® GA-10 polyester film,
or other clear plastic film, of a thickness sufficient to provide a surface that
30  retains a smooth surface throughout the process is substituted for the
metallic test panel for the first series of sprayouts and color measurements.
The film used’must be of uniform optical density and color, resistant to the
solvent used in the spray process, and be able to withstand the temperatures
used in bakmg the sprayed panel.
35 s Mylar® polyester film optically simulates the effect of reading
color through the conventional clearcoat layer when meaurements are taken



Xo, Yo and Zo are-the—tristinutus—vatues of the perfect white 25 for a

given illum nant; X ﬂ et ageal stimulus values for the color. The
ants used to prepare the paint are
H E“ Hed above. The col or vect @CTIUS94/04308

color vector for eac ﬁi
change in the L*, a* and b values 3 0

provi ded g0 &I%
nmovenent |n color sp

caused by the addition of a unit anount of each col orant used. For exanpl e.
[err] [err] . [err] the color vectors for_a color = [err] [err]
ferr] [err] [err] [err] 35 5

from the non-sprayed side of the film panel, which eliminates the steps of
cooling, spraying, flashing and baking the clearcoat with each iterations of
test panels. Significant time can be eliminated by the absence of these steps.
For each sprayout, Mylar® polyester film is cut to fit onto a 4"
5 x 6" metal panel. The film is taped on all sides to the metal panel. The metal
panel is used to hold the Mylar® film panel rigid and to prevent overspray
from falling on the backside of the Mylar® film panel.
. A color standard can be prepared for reference against the test
panels One method of preparing such a standard is through a wet standard

10 color paint. When a standard paint color has been defined, paint is shaded
until consecutive sprayouts of that paint are within acceptable color tolerance
limits to that standard. This paint, known as a wet standard, is sprayed onto a
Mylar® polyester film panel and baked conventionally. This panel will serve
as the reference against which successive Mylar® panels will be compared.

15 A conventionally prepared color standard may also be used as
the color reference by determining the color offsets from the Mylar® film
panel as follows. The baSec@at is sprayed in parallel onto the metal panel and

~a Mylar® polyester film panel. Both panels are then baked in parallel,
typically 220° F for 10 minutes. The conventional metal panel is then sprayed

20 with clearcoat and baked, typically at 275° F for 30 minutes to cure this
coating. A colorimeter or spectrophotometer is used to take color
measurements on the metal panel and the Mylar® polyester film panel.
Measurements on the metal panel are taken through the clearcoat film, while
on the Mylar® panel the measurements are taken on the non-sprayed side of

25 the Mylar® sheet. The Mylar® polyester film optically simulates the effect of
reading color through the conventional clearcoat layer.

The color difference between the conventional metal panel
and the Mylar® panel is recorded for each color axis at each measuring angle.
_ Each measurement is used as a unique offset correction value for successive

30  Mylar® polyester film sprayouts to obtain the conventional metal panel
sprayout color position. During the shading process, the test sample Mylar®
panel color readings are adjusted by the offset measurements to obtain the
equivalent clearcoat panel readings. This method is particularly useful when
conventional metal panel color standards are available. .

35 ~ The meaSuring device may be directly linked to a computer
which is programmed to automatically apply the Mylar® film offset value to



3 where Cl, C and C3 are—the—ecencent+ation of pignent or tint used in the
color. The col or technolog used |n the shadlng process is well known and
is fully discussed in F.Ih M Saltzman, Principles of Color
5 7 Technwioogsss®ohn W New York, 2nd Edition, PCTABY04508
particular interest is a B. J. Rodrigues in Fifth
_I'nternational Conf erence in Organl C Coati ngs Sci ence and Technol-ogy

Pr oceedi ngs, Vol. 3,Advances in Organic Coating 98 and Technol ogy Seri es.
"Theory and | npl enentation of Mdern Techni ques” of Col or Concepti on,

Mat chi ng and 10 Control ™, p. 272-282, (1979). The col or measurenent
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Patent No. 4,403, 866 Willys¢,enly eorrected values, where the corrected values: are the raw My
: - film panel values adjusted for the Mylar® to clearcoat offset correction
factor.
5 ' _The basecoat paint to be shaded is sprayed onto the clear
Mylar® polyester film through conventional spray techniques, and baked,

- typieally at 220° F for 10 minutes. After cooling, the film panel is released
from the supporting metal panel. The color of the basecoat is then read
through the Mylar® polyester layer with a conventional colorimeter or

10 spectrophotometer. The measuring device may be linked to a computer or

* other device which will automatically apply the offset values described above.
The shading coinputer is programmed to direct the operator
to spray out test panels as either basecoat on a Mylar® film panel or as a
conventional basecoat/clearcoat on an aluminum panel depending on

15 calculations by the computer. The computer will direct the operator to the
metal panel readings if the total error recovered by the computer-predicted
color additions is less than 0.05% of the total color movement at all angles
and axes, AE. At a level of 0.05% the computer will assume that no
improvement can be accomplished.

20 - - The computer program will not release a batch of paint nor
terminate shading based solely on color position measurements from the
Mylar® film panels readings. The computer will direct the operator to read

' the aluminium basecoat/clearcoat panel for the decision of final

_ acceptability of color positions of the batch.

. 25 The computer will also direct an aluminum basecoat/clearcoat
panel reading if the shading calculations is not able to determine a solution
to the color mcvement based on the coloring vector components available to
it and the current batch color position. In each of these two situations, the
computer requires a more precise color position, one which does not include

30 the Mylar° film panel offset values calculated into the color values. '

The computer will also direct an aluminum basecoat/clearcoat
panel measurement based on the equivalent color difference or the predicted
color difference after a new mixture referenced to the standard color panel.
For non-metallic paints, if the measurements taken are within twice the
35  predetermined tolerance for that angle, the computer will direct a
" conventional aluminum sprayout. For metallic paints, if all axis readings, at



Sep,ienber 13,1983, Fal coff—15 . The colorineter used in the
process is electrically c %&?—ﬂsﬁ&nﬁ gputer and preferably determ nes

the L*, a* and b* values 0 i ng prepared and feeds these val ues
back to wWeeegmsputer. The C| m ﬂll ws the.pai nt throRQIVOSH04868si bl e
I'i ght spectrum of 400-700. . For exanple, at 20nmincrenents
and cal cul ates the L*, a* 20 and b* values for the paint based on this
data. It is possible to feed process signals fromthe col ori neter generated
by viewi ng the paint to the conputer and havk the conmput er determne the
L*, a* and b* values. The conputer takes these L*, and a* and b* val ues and

bei ng preparod andy o peaarbEER diifes s wAihif Bicd the'Bldifictor WEaRAAY. 25
[err]a* and [err] epdingangle; the computar will diregea conyeptional alupinympsprayaitd t he
[err]L, [err]a* anphdrefore,if the'NéarSpetularreadings withins+2hamigom tif each of
the colorants that_ is,t e o e . : .
standa:g v!ajluc, the Flat is within £0.6 units from standard and the High
S5 reading is within + 1.2 color units the next sprayout will be on a conventional
panel. :

After the paint is prepared to meet the required color
tolerance it can be packaged in suitable containers either automatically or
manually by using conventional filling 'equipment and procedures.

10  Additionally, other instruments can be included in this process which
measures properties such as the hiding power of the paint,. the viscosity and
density of the paint. The data generated by these instruments may also be
fed to the computer and calculations made so that additions of binder
solutions, solvents and colorants can be adjusted to bring the paint within

15  tolerances for the above properties as well.

~ If desired, the entire paint manufacturing process, or any
combination of individual steps of the manufacturing process can be _
controlled by a computer. If the computer is electronically connected to
‘metering pumps which control the supply of a component used in the paint
20  and is electronically connected to the spectrophotometer, the computer can
' initiate the addition of accurately measured amounts of each component
based upon the spectrophotometric readings and vector strength calculations
of the computer. !

Although it is less convenient to do so, any of the calculations

25 required herein can be done without the aid of the computer simply by
utilizing the proper mathematical formulations. '

The following Examples illustrate the invention.

_ EXAMPLES
30 EXAMPLE]

' A 905.6 Ib batch of white basecoat made of colorings, binder
and solvents was produced. A Mylar® polyester film panel having a thickness
of five mils was sprayed and baked in parallel with a conventional aluminium
panel. The metal panel was then coated with an acrylic clearcoat. Color

35 measurements were taken using a X-Rite Model 968 Single Angle
Spectrophotometer using one angle measuring geometery corresponding to



added to bri ng the pai nt—wthi-n—the—tolerance val ues for the pai nt and
activates the netering punps which feed colorants into the m xi ng vessel.

30 - . The above procedure, i S BeenReplaced ¢ he pai nt being prepared is
with L*, a*Wane/assss: ol eran(i j e paint. ReiterativePSHAUSHHHFOHNd

baki ng of test panels with | earcoat |layers. is a tine _
consum ng process. Typically, 25-40 mnutes are required to spray, flash
and bake, typically at 104.44 [err]C (220[err]F}, a waterborne 35

basecoat. An additional hour is typically necessary to cool the test panel,
spray, flash and bake, typically at 135 [err]C (275 [err]F), the

sol vent - bor ne cl ear coge fRY ieakiiing angle FRMPRI® offftvaluesafibemeasuiemenas 3- 4
'terations, particul at;ét\v/legr(l) {henﬁlty?arl’ Ip%lyesu:r film panel and the conventional metal panel
were AL = 1.72,Aa = 038, and Ab = -1.65. Tolerance values for L*, a* and
b* are 03 color units. "
5 ’ ‘The Equivalent Panel Reading is defined as Mylar® Panel
Reading + Offset Value. Equivalent Panel Readings were used as the
reference to the conventional panel standard color.
- The colorants available for shading the white paint and their
color vector movements are: :

10
- Color Movement
Color L . 2 b

Black -1.980 -0.040 -1.380
- White 0.322 -0.021 -0.507
Yellow -0.440 0390 2.140
Red 0407 - 0.562 0.222
Green -0.165 -0.618 . <0.189
Purple 0749 - | 1296 0,743

The Mylar® film panels were sprayed, baked and measured;
this represents the on-load or initial position of the color values of the paint.
‘The Mylar® panel color offset to the conventional color standard plate was
15  determined as: '

- ' AL | 42 | Ab

| Mylar® Reading 1.06 -1.28 -2.04

Offset Correction 1.72 038 | .-1.65
Equivalent Panel Reading | 2.78 -0.90 -3.69

The batch was light, slightly green and blue to the conventional
~ color standard plate; ' , |
20 . Based on the above color differences and the above color
vector values, the computerized shading program recommended the
~ following first shading hit: '



pai nts, before the shading pr cess WI|| bring the paint batch into the

range of acceptability for co mlace]_he present invention
decreases the overall tinme req step t hrough nultiple
|terat|onﬁ,ocg4,2%gg col or shadin each an accept ai&ﬁuggy@g@nce :
| evel for the batch of m xed pai nt for solid color and netall

pai nts. SUMMARY OF OF | NVENTI ON 10 This invention rel at es to
an inproved nethod for shading paint that matches the color values of a

standard col or paint. Transparent filmoptic®ly sinulates the effect of

readi ng col or values through a conventional clearcoat. Elimnation of the
need to apply cl earcoaf—for—every sadi Iy at L ENMpt—0eCT eases L e T TTE
required in shading a paint within accer on Moyement. | o, Lue tolerhnces.
I n one embodi ment, a wkt sCelpgar d pai&t I $ spgaydd o} 0 t Neadd weight
Black -1.980 -0.040 | -1.380 277g. |

Yellow -0.440 0390 | 2.140 4773 .

. and predicted the new color position relative to the
conventional color standard to be AL = 0.84,Aa = -027 andAb = -1.12.
Color measurements were made on the above paint after the
5  above additions of black and yellow dispersions and the differences to the
conventional color standard plate were measured:

AL | Aa _Ab
Mylar® Reading _ -1.05 -1.00 . | -0.03
Offset Correction 172 038 | -1.65

Equivalent Panel Reading | 0.67 062 | -1.68

The computerized shadmg program recommended the
.10  following second shadmg hit:

Color Movement:
Color L a | b add weight
Yellow -0.440 0390 | 2140 168.2 g.
Red -0.407 0562 | 0222 170g. '

and predicted the new color position relative to the
conventional color standard tobe AL = 0.20,Aa = -0.10 and Ab = -0.36.
15 Color measurements were made on the above paint after the
above additions of black and yellow dispersions and the differences to the
* conventional color standard plate were measured:

- - AL 4a | 4Ab
Mylar® Reading -132 | 060 | 093
Ofiset Correction - 1.72 0.38 -1.65
Egquivalent Panel Reading | 040 | 022 | -0.72




transparent filmand baked conventionally. This filmserves as the
reference color plate ag&'hIUSﬁeetVHilth:nR z(b&BSI ve transparent film sprayouts
are_conpared in the shadl I n anot her enbodi nent
of fhe i nvewoisanssyhe tra s prepared in paral | ePCTHISH/04508
conventional col or standar he difference in color val ues’
nmeasured by a colorineter or spectrophotorreter Is used as an offset reading
for measurements agai nst subsequent shading hitg using only the transparent
film Wen the paint is within predeterm ned color 25 tol erance val ues, a
conventional plate is made for final color analysis. DETAILED DESCRI PTI ON

: OFI THEthvaNlﬂ ON I'n Ehe presentmemmwmf lh ghtlg ]!xgmwmﬂna{ol&hﬁ&eﬁ%h&ff edtax%s
pol yester film or o a | s, sufficient to
provi de a surface tha&%ﬁh&yﬁé‘?éﬁé %@%@ﬁ@fﬁ@@&#@ out t he
process is substituted for the Thetcomputerizedishpding programiriecomimended theé es of
sprayouts and col or rﬁﬂéﬂfn@fﬁﬂa%dmghn.

-]
: Color Movement
Color L | =2 b add weight
Yellow 0440 0390 | 2.140 T14¢.
Red -0407 0562 | 022 | .89g

“and predicted the new eolor position relative to the
convenuonal color standard to be AL = 0.17,Aa = 0.04 and Ab = -0.10.
Color measurements were made on the above paint after the
1o above additions of black and yellow dispersions and the differences to the
conventional color standard plate were determined and are as follows:

AL | Aa | Ab
Mylar® Reading | -1.65 | -027 1.19
Offset Correction 1.72 038 | -1.65
Equivalent Panel Reading | 0.07 0.11 -0.46

_ These values are within the aforemennoned 2x tolerance values for L*, a*
15 'and b*.

'This paint was sprayed onto a conventional aluminum panel
and baked under standard conditions. The solvent-based clearcoat was then
applied and baked under standard conditions. The color values were
determined and color differences relative to the conventional color standard

20  were as follows: AL = 0.16, Aa = 0.17,Ab = -0.26. '

B These values are within the aforementioned product tolerance
values for L*, a* and b*. An acceptable paint was formulated.

_ In this example, the aluminium panel is sprayed in parallel with

the Mylar® film panel. The metal panel required only the addition of a

25 clearcoat and was sprayed and baked for an additional one hour delay. For

conventional sprayout color confirmation, the total time decrease using the

Mylar® film technique from the conventional technique was three hours.



The filmused be of ur;eJmed»ptical density and color, resistant to

t he sol vent used .hgsg\\b@ B \ fRocess, and be able to withstand the

t enper at ures used 1\{RRRRK Ak prayed panel . 35 Mylar[err]
pol yest enw o4/2ss3pt i O es the effect of readi ng c@®CEFUSIHB4508h t he
conventi onal cl earcb? ayer when neaurenents are taken 5 fromthe
non-sprayed side of the filmpanel, which elimnates the steps of cooli ng
sprayi ng, flashing and baki ng the .cl earcoat with each iterations of test
panel s. Significant time can be elimnated bylthe absence of these steps.
For each sprayout, Mylar polyester filmis cut to fit onto a 10.6 x 5
15.24 cm (4" x 6") netal panel. The filmis taped on all sides to the netal

panel .
EXAMPLE 2

A 3714 g batch of a-charcoal grey metallic (black pearlescent) was
formulated. Measurements are taken using a prototype X-Rite Model MA100 3-

5 angle spectrophotometer. The angles correspond to the Near Specular, Flat and
High measuring angles for measuring metallic automotive paints. Tolerance
values from the conventional panel color panel are as follows:

_ Angle AL A2 Ab
Near Specular : *12 12 12
Flat R 0.3 +0.3 +0.3
High +0.6 0.6 0.6
10. The paint is sprayed onto a Mylar® film panel in parallel with a

conventional aluminum panel. The conventional metal panel is successively
sprayed with a solvent-borne acryhc clearooat Measurements taken give the

following offset values:
Angle AL | Az Ab
Near Specular -8.87 0.52 0.72
Flat -0.46 -0.18 0.09
High <0.51 -0.18 1.04
1s - : :
The Equivalent Panel Reading is defined as Mylar® Panel Reading + Offset
Value. -
‘The colorants available for shading the charcoal grey metallic
. and their color vector movements as are follows:
20

Near Specular Flat - Hi

Color | L | 2 { b { L | a2 | bl L | a | b
Black | -282|-0.07] 1.99]-195)| 032] 025} -043| 000 029
Violet | -148| 2.66 | -3.43| -120| 145 -1.23| -044] 080 -0.38
Blue |-059}-241}-221]-085]-056!-134]-037] 0.16] -0.79
Pearl | 3.76( -0.60| -004| 090] 0.09 {-028{ 0.15{ 0.05-0.13




Thé nmetal panel is used to hold the Mylar fil
overspray fromfalling on the bathkssht ar filmpanel. A color
standard can be prepared for refer he test panels, 6'%; hod
of preparlﬁl@m&% standard is th andard 10 g&gﬁ’
When a standard paint color has been defined, paint is shaded until
consecutive sprayouts of that. paint are V\Athl n acceptabl e col or tol erance
linmits to that standard. This paint, known as gowet standard, is sprayed
onto a Mylar[err] polyester film panel and baked conventi onal ly. This panel
will serve as the reference agai nst which successive Mylar[err] panels wll

be conpared. 15 A MyRrefiln panéllwaspray edaddbakalu&damhndirday

FheCuprar fi1 m panel Sgudiaht Ie® fme%g?ﬁk%ﬁ?e% B30 it boshint Bl e Sty
the netal panel and uahps.arasldste}umdasffo awgianel . Both panel s are then
baked in parallel, typically 104.44 Jerr]C (220[err] F) for 10 minutes, The

conventional metal Ppanel 1S thenl " Near Specular Flat _High

' ég._-é_ﬂébé-l—g;.ébA_LA_a'A_b
| Mylar® Reading | 19.17 | 1.94] 1.87] 1.16] 086] 119 122] 0.14 | -1.37

lf@lnel rigid and to prevent

%

Offset 887 | 052| 0.72| 046} -0.18] 0.09 | -0.51| -0.18| 1.04
Correction ' , .

Equivalent ~ | 1030 246| 259| 0.70| 0.68| 128] 0.71] -0.04 | -033
Panel Reading '

At the Near Specular angle, the batch equivalent reading is
light, red and yellow to the conventional color standard plate; at the Flat
angle, the batch is also light, red and yellow to standard; at the I-hgh angle,
the batch is light and slightly blue to standard.

10 - . The computer directed that the sprayout to be on a
conventional basecoat/clearcoat metal panel, because the predicted color
position would be within the 2x tolerances aforementioned. The following
first shading hit was recommended:

Color Movement
NewrSpeewlar | Fat High
coor | 3| 2 { ol ol alplal ol b |adwem
| Biack | -282] 007 199] 195 032| 025 043| 000| 020] 0

Violet | -148 | 266] 343 -120] 145] 13| 04| 00| 038 o

Biue | -059! 241] 221 -085] -056) -134| 037] 016! 07| 13934
Pearl | 376] 060 004! 09| 009} -028] 015] 005] 013] o

15

and prédicted the new color position relative to the conventional color
standard to be '
'Near Specular Flai High

AL | Aa | Ab | AL | Aa | Ab | AL | Aa | Ab

T ————————y

1.04 | 141 1.87]-031] 013| 050] -0.04{-0.12} 0.19]




20 ‘sprayed W th clearcoat—and-baked,—typically at 135 [err]C (275[err]F)
for 30 mnutes to Cupe hii coati nP. A col orineter or spectrophotoneter is

used; to take color ne atede netal panel and the Mylar pol yester ]
film pangyo ﬂ@ggyremsiﬂ J | panel are-taken throWrfiT/US4/04308ar coat
film while on the My measurenents are taken on the

non-sprayed side of the 25 Mlar sheet. The Mylar polyester filmoptically
sinmul ates the effect of reading col or througg t he conventional clearcoat
| ayer. The col or difference between the conv fiti onal netal panel and the
Myl ar[err] panel is recorded for each color axis at each neasuring angle.

Each neasurenent is used as éf)lﬂ}ixﬂéﬁu éﬂw&‘érﬁx&fé&?ﬂxe\’aﬂd&@ Eﬁfta&ﬂf&%%i ve
30 Myl ar[err] po]yester .fi sprayouts obtain the con gntlona net al
panel sprayout col & M&V%?@Fﬂ@eﬁm- repepiokersdnade.en fst sanpl e
Mlar[err] panel cahminumedléarocated paneljane werk &follows:of f set nmeasurements to
obtain the equival ent cl earcoat panel readings. This nethod is particularly

useful when .
Near Specular Flat High

AL | Aa | Ab | AL | Aa | Ab | AL ! Aa | ADb |
| Panel Reading| 3.16 | 055 1.66] 032} 0.01] 0.78] 024} -0.09] 0.15

5
At the Near Specular angle, the batch was light and yellow to
the conventional color standard plate; at the Flat angle, the batch was slightly
light and yellow to standard; at the High angle the batch is a good color
match. .

10 . The computerized shading program recommended the
following second shading hit with the sprayout to be done on a conventional
aluminum basecoat/clearcoat panel:

Color Movement
Near Specular Flat igh .
[ Color | 1 | 2 | b | 1| a2 | b | L | a | b |AddWeigh
Biack | 2821 007| 199| -195| 032 025| -043] 000| 020 0.158g. |
Violet | -148] 266 -343] -120| 145| -123| -044| 080| -038 9367g. |
Blue | 059| 241] 2211 085] p56| -134] 037] 016] -079] 7239
Pearl | 376] 060 004 090| 0.09] 028§ 0.15] 005] -013 0
15 The computer program predicted the new color position

relative to the conventional color standard to be:

Near Specular Flat High

AL | As | ab | AL | Aa | ab | AL | As | Ab |
274 | 013] 044 -0.14] 003} 0.16! 0.05] 0.08 -0.17

The aluminium panel was sprayed and baked under standard
20  conditions. Measurements were taken with the following results:



conventi onal netal pane’r”col or stan dare available. 35

The neasuring device mayy Qshedi nked to a conputer which is

pr ogr ammed tical lar[err] filmoffset ge,l_

thegr eadi ng‘bgf’?##gggucces | m panel s. The operat ’g'g"{"ﬁ‘éos
device will use only corr ed val ues, where the corrected values are the
raw.Mylar[err] film panel values ad] usted for the Mylar[err] to cl earcoat
of fset correction factor. 5 ‘ Thejhasecoat paint to be shaded
I's sprayed onto the clear Myl ar polyester filmthrough conventional spray

t echni ques, and baked, typically at 104.44[err]C (220[err]F) for 10
m nutes. After cooling, the filmpanel is

Near Specular Flat . _
- AL | Aa | Ab | AL | Aa | Ab | AL | Aa | Ab |
Panel Reading| 0.88 | 0.67| 0.52{ 0.13] 0.06 | -0.05| 0.01] -0.15]| 0.06

These values are within the aforementioned tolerance values for all
measurement angles and all color axes. Shading activity was stopped at this
$ color position.
The complete shading cycle was completed usmg one Mylar®
film panel and two conventional aluminum panels. The decrease in process
time relative to conventional sprayout techniques was greater than one hour.



rel[eased fromthe supporting netﬁl—paﬁel——'ﬂcre—eel—er of the basecoat is then
read through the Myl ar pol yester with a conventional colorinmeter or
10- spectrophotoneter. The rrea mg | be | inked to a conputer or

ot her dewygesaadgaech will automati ffset val WET/UH4B40hed

above. The shadi ng conputer is prograrmed to direct the_operator to spray
out test panel s as either basecoat on a Mylar[err] fil m?ma\
convent i onal basecoat/cl earcoat on an al uni W:fgt panel depBixBhegy HABediDr

cal cul ations by the conputer. The conputer | direct th feﬁe
netal panel readings if the total error recovered by the Mm ,ct ed
col 6r additions is less than 0.05% of the total col or novene :

angl es and axes, [err]E. At a |level of O. Om conputer will assune that
no i nprovenent can be acconplished. 2. The conputer program
w [l not rel ease a Wharis climp&i nt nor term nate shadi ng based solely on

color position reasurements fyr OR]pw&ss for shading paint that matches the color values
‘5 L*, a* and b®,of a standard color paint, said process comprising:
a. spraying a transparent film with paint,
b. measuring and determining L*, a* and b* values of said
sprayed paint by a colorimeter;
"¢. comparing said measured L*, a* and b* values of said sprayed
10 filmto L*, a* and b* values of a color standard;
d. computing the difference between said L*, a* and b* values of
| said film relative to L*, a® and b® values of said standard to
determine the quantities of components to be added to said
paint to bring said paint to within L*, 2*and b* tolerance
15 | values of the paint; and '
e. repeating steps a through d at least once in the event said paint
is not within selected color tolerances until said paint is within
said selected color tolerance.

20 2. The process as claxmed in claim 1 wherein said L*, a* and
b* values are measured with a spectrophotometer

3. The process as claimed in claim 1 wherein the said color
standard is prepared by spraying a transparent film with a wet standard color
25  paint and baking.

4. The process as claimed in claim 1 wherein said color
standard is prepared by | '
a. spraying a transparent film with basecoat paint;
30 b. spraying a metal panel with basecoat paint;
¢. baking said painted film and said painted metal panel in
paraliel; :
spraying said baked metal panel with clearcoat;
e. baking said sprayed metal panel to cure said clearcoat;
35 f. measuring the color components of said painted film and said
painted metal panel with a colorimeter; and



Myl ar[err] fil'mpanels readings. The conputer will direct the operator to
read the al um ni um basecoat/cl earcoat panel for the decision of fina
acCeptablllty of col or positions of the batch. 25 iﬁﬁﬁ Q&Puter'.
wi Il al so WOr%@583%n al uni num basecoat/ cl earcoat panel readi nﬁCT ‘g‘

shadi ng .cal cul ations is not able to determ ne a solution to the col or

novenent based on the coloring vector conponents available to it and the
current batch color position. In each of theseléwo situations, the conputer
requires a nore precise color position, one which does not include 30 t he
Myl ar film panel offset values calculated into the color values. The

conputer will also direct o atfaleulating the sifferanpechatypensaid golos companents Rfnt

bdsed on the equival ent col or gid ghﬂmnﬁiﬁm@w helltodetéradfine effsed t o

t he standard col or panel. For tal]lic p t he measurenents

taken are within twice the pre@?@ﬁsﬂ@@aﬁg glﬁkce for that angle, the

computer will 35  direct a conventional alum num sprayout. For metallic

paints, if all ags readings, &t processasclaimed in claim 4 wherein said color
components are measured by a spectrophotometer.

6. The process of claim 1 wherein one of the components of
the paint contains metallic flake pigments.
10 |
7. The process of claim 1 wherein a spectrophotometer which
- measures a spectral curve of a color sample is electrically connected to a
computer which is programmed to determine the L*, a* and b* values from
the spectral curve and transmits these values to the computer and compare to
15 predetermined tolerance values to prepare a paint within the L*, a* and b*
tolerance values. '

8. The process of claim 1 wherein the L*, a* and b* values
- determined from a spectral curve of a color and tolerance values for the
20 paint are transmitted to the computer to prepare a paint within tolerance
values. ' '
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7 all three neasurenent angl es,
specific readlng angle
- SprayotT INeHElOE S, i E;
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RAPID COLOR SHADING PROCESS

HELD OE THE INVENTION

“This fnvention is related 10 a process and apparatus for shading
paints to match a standard paint.

BACKGROUND OF THE INVENTION

Spray systems are well known in the paint industry for use in

- preparing painted test panels, Typically, a basecoat is sprayed onto the test

5

panel and baked at a predetermined time and predetermined temperature to
auethepalnnnisisiollowedbyapplymgaclmwhichissprayedm
the basecoat and baked. The resultant panel is then compared against the
standard color panel and if there is a color or other quality discrepancy, the
batch of paint with which the panel was sprayed is modified accordingly. The
modification process is known as shading. This time-consuming procedure,

particlarly for water-based basecoat and solvent-based clearcoat systems, of

20

applying a basecoat, baking, then applying a clearcoat followed by baking,
miust be repeated for each shading iteration until the sample panel -
representing the batch oolormatclmtheoolorstandardtoapredetemnned
eolortoleraneerange.

Traditionally, theshadingprmhasbeeneuﬂedomby

-lﬂglﬂyslﬁnedanduainedpexsonnelwhorequiremwﬁveon&e-job

25

30

35

experience to achieve proficiency in their craft. Since visual shading at best is
an art, effective administrationofﬁleshadingproceswas difficult.
lnrewntyats.mchvisulshadinghabeensupplmmedby
themeofappammssfuhsﬂmnunychmalﬁngapﬂmorp!gmem
composition. Colorimeters and spectrophotometers are well-known in the art
andareusedtomeametheamonntoﬂighueﬂeetedatvaxyhgﬂght .
wavelengths in the visible spectruni by a painted opague panel that is heid at
a given angle relative to the direction of the incident light sonrce, For non-
metallic paints, i.e., paints which do not contain any light-reflecting flakes or

. platelets, the reflectance factor has a minimum reflectance variatjon with the

angle of the panel relaﬁvetothedifecﬁonof!ncldemlightmeptatthegloss
(specular) angle. Oonsequently. a siugle spectrophotometric readmg at any
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are within twice the tol erance for the
aI um num
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measures properties such as the hiding power of the paint, the viscosity
and density of the paint. The data generated by these instrunents may al so
be fed to the conputer and cal cul ati ons made so that additions of binder
sol utions, solvents and col orants can be adjusted to bring the paint within
15" tolerances for the above properties as well. If desired, the entire
pai nt manufacturing process, .or any conbination of individual steps of the
manuf act uri ng process can be controlled by a conputer. If the conputer is

el ectronically connected to netering punps which control the supply of a
conponent used in the paint 20 and is esectronically connected to the
spectrophot oneter, the conputer can |n|t|ate the addition of accurately

eadings and ve SIS SRIRVAT RAGHUCS & e Deren s abis YDA ough ¢ | s
| ess conven|em:dumumnuoﬂnﬂﬂﬂnof t he calculatlons :
Metallic paints, on the other hand, contain light-reflecting
flakes of such materials as aluminum, bronze, or coated mica. Such paints
5 are characterized by “two-tone” or “flip-flop” effects whereby the apparent
color of the paint changes at different viewing angles. This effect is due to the
orientation of the flakes in the paint film. Since the color of such metallic
paints will vary as a function of the angle of illumination and viewing, a single
spectrophotometric reading is inadequate to accurately characterize the
10  paint. Typically, three multiangular measurements are used to derive color
constants for metallic paints. See, for example, U.S. Patent No. 4,479,718,
issued Oct.30, 1984 to Alman.
The color of the paint is-described in L*, a* and b* values
which are coordinates in visual uniform color space and are related to X, Y
& Z tristimulus values by the following equations which have been specified
by the International Committee of Illumination:
L* defines the lightness axis
L* = 116(Y/Yo)'» - 16
| a* defines the red green axis
20 : a* = 500{(X/Xo)}” - (Y/Y0)\/?]
_ , b* defines the yellow blue axis
b* = 200[(Y/Y0)'R - (Z/Zo)'\"]

15

where .
Xo, Yo and Zo are the tristimulus values of the perfect white
25 for a given illuminant;
X, Y and Z are the tristimulus values for the color.
‘The color vectors for each of the colorants used to prepare the
paint are provided and determined as discussed above. The color vector is

the movement in color space, i.c., the change in the L*, a® and b® values

30 caused by the addition of a unit amount of each colorant used. For example.

L foCt  ALOC:  AL*joCe
the color vectors foracolor =  da*/oCh da*foC  da*foCs

o foCt  br*C: - bl

3s
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25 required herein cem1 ne W|thout the aid of 5 . Lapl y by
utilizing the proper mat en Gmmd ations. The |/ omi-AliiENE S
|IIustratethe|nvent|o A410 773 kg J(
whi t e basecoat nade. of er and sol venffs
potyester film panel haV| ng a thi ckness of five mlé§
in parallel with a conventional alum nium panel. Thg

pmw [ AWyt ar

as sprayed anfi paked

hen
coated with an acrylic clearcoat. 35 Col or nmeasur eTeri-s\\ sing a
X-Rite Model 968 Single Angle Spectrophotoneter ising one angle ring
geometry corresponding to 8

"3

where C1, C2 and C3 are the concentration of pxgmem or tint used in the
color.
The color technology used in the shadingproeessiswellknown
-and is fully discussed in F. W. Billmeyer and M. Saltzman, Principles of Color
s  Technology, John Wiley and Sons, New York, 2nd Edition, (1981). Of
particular interest is an article by A. B. J. Rodrigues in Fifth International
OonfereneeinOrganicOoaﬂngsSdeneeandTechnologmeceedmgs. :
Vol. 3, Advances in Organic Coatings and Technology Series. “Theory and
Implementation of Modern Techniques of Color Conception, Magching and
10 Control", p. 272-282, (1979). '
The color measurement procedure can be automated through
use of a computer. See, for example, U.S. Patent No. 3,690,771, issued
_September 12, 1972, Armstrong; and U.S. Patent No. 4,403,866, issued
September 13, 1983, Falcoff.

"The colorimeter used in the process is elecmeally connected to
a computer and preferably determines the L*, a® and b® values of the paint
being prepared and feeds these values back to the computer. The
colorimeter views the paint through the visible light spectrum of 400-700.
nanometers (nm) for example, at 20 nm increments and calculates the L®, a*
20 -and b® values for the paint based on this data. It is possible to feed process
signals from the colorimeter generated by viewing the paint to the computer
and have the computer determine the 1L*, a® and b® values. '
The computer takes these L*, and a* and b* values and
determines the difference between the L*, a* and b® values of the paint
_ being prepared and tolerance values for the standard paint (AL*,Aa® and -
Ab*). With the vector information of the colorants and the AL,Aa* and Ab®,
the computer determines the amount of each of the colorants that is to be
added to bring the paint within the tolerance values for the paint and
 activates the metering pumps which feed colorants into the mixing vessel.
30 The above procedure, is repeated until the paint being prepared is with L*,
a* and b* tolerance values of the paint. '
| Reiterative spraying and baking of test panels with basecoat
and clearcoat layers is a time consuming process. Typically, 25-40 minutes
are required to spray, flash and bake, typically at 220° F, a waterborne
35 basecoat. An additional hour is typically necessary to cool the test panel,
spray, flash and bake, typically at 275° F, the solvent-borne clearcoat over the .

15

25



the flat neasuring angle. The Myl ar[err]
between the Mylarferr]

panel were [err]L = 1.72,[err]Ja = 0.38, and [err]
val ues for L*,

- Equi val ent Panel

of f set values after nmeasur ement
pol yester filmpanel and t

a* and b* are [err] 0.3 color unitk.
Reading is defined as Mylar[err] Panl

Eﬁ d$gg fset
Val ue. Equival ent Panel- Readi ngs were used as the refere ce tHe

conventi onal
white paint and their color vector novenents are:

L
White

10

s

20

' 30.

35

panel standard col or. The col orants

aviei-ablefar_siadi ng t he
10 Col or Mbvenent] Col or

a b Bl ack 4 -1.980 0 6#6 -1.380
0.322 -0.021 -0. 507

tm&umaLThuecznbcasnumwa§&4ncmmom;pmmmﬂaﬂy&w:mnﬂﬁe-

';mnnstwﬁnetheﬂmdmgpﬂnusvﬁubnmgﬁw1munbambnmothenumpof

acceptability for color tolerances. -
The present invention decreases the overall time required to
step through multiple iterations of the color shading process to reach an

acceptable tolerance level for the batch of mixed paint, for both solid color
and metallic paints,

- SUMMARY OF THE INVENTION

This invention relates to an improved method for shading paint
that matches the color values of a standard color paint. Transparent film
optically simulates the effect of reading color values through a conventional
clearcoat. Elimination of the need to apply clearcoat for every shading
anmmptdeazaswthetumeummuedindhmmnga;nmnﬁﬁﬂnnaqu@uﬂﬂe
color value tolerances.

Inoneembmmnwngavnnﬁamkudpmntuspmwedommnhe
transparent film and baked conventionally. This film serves as the reference
color plate against which successive trasparent film sprayouts are compared
nntheshmmngpﬂxxs; :

In another embodiment of the invention, the transparent film
ispuanwed1npanﬂkﬂvnﬂxacunwumunuﬂcbknsunuhudlnau;andthc
difference in color values measured by a colorimeter or spectrophotometer is
used as an offset reading for measurements against subsequent shading hits
using only the transparent film, When the paint is within predetermined color
1bkmnmevﬂhaiacomumﬁumﬂphueknmdcﬁn1ﬁuﬂodbranﬂ@i&

lnthepuwuurmnmwmmackmrNﬁMn‘Ch&dOpobemzrﬁhm
or other clear plastic film, of a thickness sufficient to provide a surface that

retains a smooth surface throughout the process is substituted for the
metallic test panel for the first series of sprayouts and color measurements.
The film used’must be of uniform optical density and color, resistant to the
solvent used in the spray process, and be able to withstand the temperatures
used in baking the sprayed panel.

" Mylar® polyester film optically simulates the effect of reading
eoknthnnmmtheconwnnknuﬂékanxnmhqmrvdwmtmunuennnnsameuﬂmh



Yel | ow -0 440 0.390

2. 140 Red -0. 407
0. 562 ~ 0.165 g = : Pur pl e.
-0. 749 »s Bech RégtasedThe MW/ ar[err] 'EHTV@ﬂ@ngayed,
baked and rreas(ﬂf‘ he sents the on-loag pr 1 nitl on of the
col or val ues of Eﬂ‘m MWl ar[err] pangl chZ)U ’Q o t he ,
conventi onal coI ate was 15 det prm néd aS“’ ?err] U [err]a
[err]b Mylar[err] Reading 1.06 - 128 Qf f set
Correction 1.72 0. 38 - 1. 65 ‘Equi vpl_ent Panel Readi :]g 2.78
-0.90 @ -3.69 The batch was light, slightly green an e
conventi onal

col or standard pl ate.

from the non-sprayed side of the film panel, which eliminates the steps of
cooling, spraying, flashing and baking the clearcoat with each iterations of
test panels. Significant time can be eliminated by the absence of these steps.
For each sprayout, Mylar® polyester film is cut to fit onto a 4
5  x6"metal panel. The film is taped on all sides to the metal panel. The metal
panel is used to hold the Mylar® film panel rigid and to prevent overspray
from falling on the backside of the Mylar® film panel.
_ A color standard can be prepared for reference against the test
panels. One method of preparing such a standard is through a wet standard
" 10  colorpaint. When a standard paint color has been defined, paint is shaded
until consecutive sprayouts of that paint are within acceptable color tolerance
limits to that standard. This paint, known as a wet standard, is sprayed onto a
Mylar® polyester film panel and baked conventionally. This panel will serve
. asthetefereneeagainstwhichsueoeaﬁveMylax‘paﬁelswmbecbmpared.
15 A conventionally prepared color standard may also be used as
the color reference by dstermining the color offsets from the Mylar® film |
panelasfoﬂows.%ebaseeoatissprayedinpamﬂelontothemetalpaneland
a Mylar® polyester film panel. Both panels are then baked in parallel,
typically 220° F for 10 minutes. The conventional metal panel is then sprayed
20  with clearcoat and baked, typically at 275° F for 30 minutes to cure this
- coating. A colorimeter or spectrophotometer is used to take color
measurements on the metal panel and the Mylar® polyester film panel.
Measurements on the metal panel are taken through the clearcoat film, while
on the Mylar® panel the measurements are taken on the non-sprayed side of
- 25 the Mylar® sheet. The Mylar® polyester film optically simulates the effcct of
reading color through the conventional clearcoat layer.
. The color difference between the conventional metal panel
and the Mylar® panel is recorded for each color axis at each measuring angle.
~ Eachmeasurement is used as a unique offset correction value for successive
30  Mylar® polyester film sprayouts to obtain the conventional metal panel *
sprayout color position. During the shading process, the test sample Mylar®
panel color readings are adjusted by the offset measurements to obtain the
equivalent clearcoat panel readings. This method is particularly useful when .
conventional metal panel color standards are available. |
35 | The measuring device may be directly linked to a computer
which is programmed to automatically apply the Mylar® film offset value to
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vector val ues,
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the reading of the successive sprayed film panels. The operator of the device
will use only corrected values, where the corrected values are the raw Mylar®
film panel values adjusted for the Mylar® to clearcoat offset correction
factor. '

‘The basecoat paint to be shaded is sprayed onto the clear
Mylar® polyester film through conventional spray techniques, and baked,
typically at 220° F for 10 minutes. After cooling, the film panel is released
from the supporting metal panel. The color of the basecoat is then read
through the Mylar® polyester layer with a conventional colorimeter or
spectrophotometer. The measuring device may be linked to a computer or

" other device which will automatically apply the offset values described above.

The shading computer is programmed to direct the operator
to spray out test panels as either basecoat on a Mylar® filmpanel orasa
conventional basecoat/clearcoat on an aluminum panel dependingon -
calculations by the computer. The computer will direct the operator to the
metal panel readings if the total error recovered by the computer-predicted
color additions is less than 0.05% of the total color movement at all angles
and axes, AE. At a level of 0.05% the computer will assume that no
improvementcanbeaeeomphshed.

- ‘The computer program will not release a batch of paint nor
terminate shading based solely on color position measurements from the

" Mylar® film panels readings. The computer will direct the operator to read
* the aluminium basecoat/clearcoat panel for the decision of final
aeeeptabihty of color positions of the batch.

‘The computer will also direct an aluminum basecoat/clearcoat
panel reading if the shading calculations is not able to determine a solution
to the color movement based on the coloring vector components available to
it and the current batch color position. In each of these two situations, the
computer requires a more precise color position, one which does not include

30 the Mylar® film panel offset values calculated into the color values. '
“The computer will also direct an aluminum basecoat/clearcoat
panel measurement based on the equivalent color difference or the predicted
color difference after a new mixture referenced to the standard color panel.
For non-metallic paints, if the measurements taken are within twice the
predetermined tolerance for that angle, the computer will direct a
conventional aluminum sprayout. For metallic paints, if all axis readings, at
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5 ~above addu_l_o_n_s__of_llgck and yel | ow di sper si ons and the differences to
the conventional color standard plate were nea

' [err]a
[err]b Ml ar[ ekt] siReassh BenReplaced - 1.05 - 1. QREPLACEME CﬁHEET Correction
1.72 0. 38 wm@luﬁi nt Panel Reading| [0T®67 0. H-l. 68 The'
conputeri zed sh?’B ecormended the 10 |f ecbn shadi ng
hit: Col or Myve @7%%!\(‘@97 agd} wei ght

Yel | ow -0. 440 0. 390 2. 140 168. 2—g—~Red -0. 407

0. 562 0. 222 17.0 and predicted the new col or p03| tion rejative to

t he conventional color standard to be ferr]L =020 ferrra——0. 10 and
[err]b = -0. 36.

all three measurement angles, are within twice the tolerance for the specific
reading angle, the computer will direct a conventional aluminum sprayout.
Therefore, if the Near Specular reading is within +2.4 units froni the
standard value, the Flat is within +0.6 units from standard and the High

5 readingismthintlzeolorunitsthenensprayoutwmbeonaeonvenuonal
panel.

Aftenhepaintispreparedmmeettherequiredcolor
tolerance it can be packaged in suitable containers either automatically or
manually by using conventional filling equipment and procedures.

10 Additionally, other instruments can be included in this process which
measures properties such as the hiding power of the paint, the viscosity and
density of the paint. The data generated by these instruments may also be
fed to the computer and calculations made so that additions of binder
soluuons.solvemandeoloranseanbeadjustedtobnngthepmntmthm

15 tolerances for the above properties as well

Xf desired, the entire paint manufacturing process, or any
combination of individual steps of the manufacturing processcanbe
controlled by a computer. If the computer is electronically connected to
metering pumps which control the supply of a component used in the paint

20 and is electronically connected to the spectrophotometer, the computei can
initiate the addition of accurately measured amounts of each component
baseduponthespectrophotometicreadmgsandvectorstrengthealaﬂaﬁons
of the computer.

Althoughxtislesseonvenienuodoso.anyofthecalculauons

25  required herein can be done without the aid of the computer simply by

’ utilizing the proper mathematical formulations. '

The following Examples illustrate the invention.

S EXAMPLES
30 EXAMPLE]

A 905.6 1b batch of white basecoat made of colorings, binder
and solvents was produced. A Mylar® polyester film panel having a thickness
of five mils was sprayed and baked in parallel with a conventional aluminium
panel. The metal panel was then coated with an acrylic clearcoat. Color

35 measurements were taken using a X-Rite Model 968 Single Angle
Spectrophotometer using one angle measuring geometery corresponding to



15 Col or neasurenents were nmade on the above paint after the
above additions of black and yell ow di spersions 4 he differences to the
conventional color standard plate were neasured: -

_ [err]Db
Myl ar[err] Reading . -1.32 -0.60 J on

1.72 0. 38 -1. 65 Equi val ent Panel Reading 0.72

10 The batch was slightly light, within tol erange on 9yaxfsfand
slightly blue to the conventional color standarfd p+a erized

shadi ng program recomended t he

the flat measuring angle. The Mylar® offset values after measurement
between the Mylar® polyester film panel and the conventional metal panel
were AL = 1.72,Aa = 0.38, and Ab = -1.65. Tolerance values for L*, a* and
b* aret 0.3 color units. | '

5 “The Equivalent Panel Reading is defined as Mylar® Panel
Reading + Offset Value, Equivalent Panel Readings were used as the
reference to the conventional panel standard color.

- 'lhecolorantsavailableforshadingthewhuepamtandtheu

color vector movements are:
10
: Color Movement

Color L 2 b
Black +1.980 <0.040 -1.380
‘White 0322 <0.021 <0.507
Yellow 0440 0390 2.140
Red -0.407 0.562 0.222
Green <0.165 -0.618 . 0,189
Purple 0.749 . 1.296 0.743

" : The Mylar® film panels were sprayed, baked and measured;
: this represents the on-load or initial position of the color values of the paint.

‘The Mylar® panel color offset 10 the conventional color standard plate was
15 determined as:

| AL | Aa | Ab
Mylar® Reading . 1.06_| -128 | 204
Offset Correction 1.72 0.38 -1.65

| Equivalent Pancl Reading | 278 | 090 | -3.69

The batch was light, slightly green and blue to the conventional
color standard plate.
Based on the above eolm differences and the above color

vector values, the computerized shading program recommended the
following first shading hit:

20



foI low ng third shading hit:
add wei ght Yell ow

-0. 407

0. 562

0.04 and [err]b =
after the 10

differences to the conventi onal

are as foll ows:

-0. 27

0.22

above addltlons of black and yello
col or standard pl atte

2 8.9 g.

5 Col or Movenent Col or
-0.440 0.390

2.140

and predicted |t e new
relative to the conventional color standard to be [r 110 Z

[err]L [err]a [err]b Mylar[er¥] Reading
1.19 Ofset Correction 91.72 0. 38 -1.65
Color Movement
Color L _2 b | addweight |
Black -1980 | 0040 | -1.380 2178
Yellow -0.440 0390 2.140 4713 2.

and predicted the new color position relative to the
conventional color standard tobe AL = 0.84,Aa = <027 andAb = -1.12.

Color measurements were made on the above paint after the
s above additions of black and yellow dispersions and the differences to the

conventional color standard plate were measured:

{ AL | Aa | Ab
Mylar® Reading -1.05 -1.00 -0.03
Offset Correction 1.72 038 | -1.65
Equivalent Panel Reading | 0.67 -0.62 -1.68
The computerized shading program recommended the
10 following second shading hit: '
Color Movement :
Color L 3 b add weight |
Yellow -0.440 03% | 2140 1682 g.
Red -0.407 0562 | 0222 170
~© andpredicted the new color position relative to the
conventional color standard to be AL = 020,42 = -0.10 and Ab = -0.36.
15

above additions of black and yellow dispersions and the differences to the

Color measurements were made on the above paint after the

conventional color standard plate were measured:

AL | As | ab }
Mylar® Reading -1.32 -0.60 093
Offset Correction - 1.72 0.38 -1.65
Equivalent Panel Reading | 040 0.22 .72

\vﬁj



Equi val ent Panel Readi ng 0.07 0.11 -0.46 These values are withi-n the
af orenenti oned 2x tol erance values for L*, a* 15 I S _paint was
sprayed onto a conventional al um num panel and bak R]m@E | Prtpein ]
conditions. The sol vent-based cl earcoat was then p ~lynder
standard conditions. The col or val ues were determngd @lyd Wlﬁézsdi f flerences
rel ati-ve t-o--t he conventional color standard 20 rje as 4 I “llerr]L =
0.16, [err]a = 0.17,[err]b = -0.26. These val ues grd-w-thin the
af orenenti oned product tol erance values for L*, a] and b*. An acceptable
paint was fornmulated. In this exanple, tbe al um niunrpamet—-s—sprayed in
parallel with the Mylar[err] film panel. The netal panel required only the
addition of a 25 cl eargoat and S rayed gnd baked for an additional
one hour delay. For convﬁ’ﬁ W‘&EEMM@WW%Q dagise total
time decrease andslightlydblue to the conventional color standard plate.

The computerized shading program recommended the

following third shading hit:
L] 5 .
Color Movement
Color L _3 b add weight |
 Yellow -0.440 0390 | 2140 Ti4g.
Red 0407 0562 1 0222 .89¢.

and predicted the new color position relative to the
conventional color standard to be AL = 0.17,Aa = 0.04 andAb = -0.10.
Color measurements were made on the above paint after the
10 above additions of black and yellow dispersions and the differences to the
conventional color standard plate were determined and are as follows:

AL Aa | Ab |

Mylar® Reading .} -1.65 -0.27 119
Offset Correction 1.72 038 | -165

Equivalent Panel Reading | 0.07 0.11 -0.46

These values are within the aforementioned 2x tolerance values for L*, a*
15 andb". o ‘ o
‘This paint was sprayed onto a conventional aluminum panel
and baked under standard conditions. The solvent-based clearcoat was then
applied and baked under standard conditions. The color values were
determined and color differences relative to the conventional color standard
20 wereas follows: AL = 0.16, Aa = 0.17,Ab = -026.
‘These values are within the aforementioned product tolerance
values for L*, a® and b®. An acceptable paint was formulated.
_ In this example, the aluminfum panel is sprayed in parallel with
the Mylar® film panel. The metal panel required only the addition of a
25  clearcoat and was sprayed and baked for an additional one hour delay. For
conventional sprayout color confirmation, the total time decrease using the
Mylar® film technique from the conventional technique was three hours.



Mylar[err] filmtechnique fromthe conventional technique was three hours.
EXAMPLE 2 A 3714 g batch of a charcoal grey netallic (black pearlescent)
was formul ated. Measurenments are taken using a prototype X—the Model MA10O
3- angl e spectrophotoneter. The angles correspond t pecul ar,

Fl at and Hi gh neasuring angles for neasuring netall
Tol erance val ues fromthe conventional

panel color Jp PWS:
Angl e [err]L [err]a [err]b Near Specul{a 9 [e rfl. 2
[err]1.2 [err]1.2 Flat [err] 043 69§
[err]0.3 [err]0.6 [err]0.6 [err31. 6
EXAMFLE 2

A 3714 g batch of a charcoal grey metallic (black pearlescent) was
formulated. Measurements are taken using a prototype X-Rite Model MA100 3-
angle spectrophotometer. The angles correspond to the Near Specular, Flat and
High measuring angles for measuring metallic automotive paints. Tolerance
values from the conventional panel color panel are as follows:

Ab

Angle AL | As
Near Specular 12 |12 | 212
(Ba £03 | 103 | s03
o 1206 | 06 | 206

Thepmmxmspnuedo&«naNb&w’ﬁhnpamdjnpmnnkanha
'emmnmmowuahmﬁmmnpmu&Theqnmauhnﬂnmmnpmuﬂksmxusweb
sprayed with a solvent-borne acrylic clearcoat. hﬁusunnmmmsuﬂmmghw&he

following offset values:
Angle aL | 4s | ab
Near Specular -8.87 0.52 0.72
Flat 046 <0.18 0.09
| High 051 | -0.18 1.04

The Equivalent Panel Reading is defined as Mylar® Panel Reading + Offset
Value.

‘The colorants available for shading the charcoal grey metallic
and their color vector movements as are follows:

Near Specular

Flat

Hi

Black

Color

L |
2.8

8
-0.07

b

2

1.99

-195

032

0.25

043

Ll a |

0.00

Violet

-148

2.66

=343

-1.20

145

044

0.80

-0.38

Blue

-0.59

241

221

-0.85

-0.56

-1.34

037

0.16

0.79

Pear)

3.76

0.60

-0.04

090

0.09

0.15

0.05

-0.13




The pai nt
~ conventi onal

Specul ar
-0.18

Equi val ent Panel

Val ue.

H gh Col or

10

15

al um num panel

0.09 High

L

Angl e

8.87 0.52

b. L

a

12

The colorants available for shading the
theit col or vector novenents as are foll ows: hb
- a

b

I's sprayed onto a Mylar[err] film panel
The conventi onal

sprayed with a sol vent-borne acrylic clearcoat
foll owi ng of fset val ues:

"{REREAC

[err]L
0.72 Fl at

-0.5

L
.Reading is defined as Myl ar[er

]

in parallel

with a
uccessivel y

Kl

[err]a =L

0.3y 957

Ranel

Readi n

ﬁ gi ve the
Near

char coal

grey net

ar_specut-at
L

a b

" A Mylar® film panel was sprayed and baked under standard
commuamaThwcokwposﬁunﬁn1heomdmmlcrhmmnpoﬁnonotﬁwmmkn
values, was determined as follows:

Near

Flat

AL | A3

1917 | 194
887 | 052

llar
| Ab
187

AL |
116

Az

0.86

_AD |

119 034

0.72

046

-0.18

S —

|_As |

_AL |
12
0.09 | -05

11-0.18

1030 | 246

259

0.70

0.68

123 om

004

el slik

At the Near Specular angle, the batch equivalent reading is
light, red and yellow to the conventional color standard plate; at the Flat
mumaﬂwtmwhkakoﬁgMnmdandwﬂbwmoﬂnmhn&amﬁwlﬂ@hamﬂq
the batch is light and slightly blue to standard, -
Thecompmuwdueuwdﬂwmﬂwsgummntobcona

cumnm&muﬂbmnummhmumammuwuﬂpmmlbummw&hemndwuﬂcdkw
position would be within the 2x tolerances aforementioned. The following
first shading hit was recommended:

| Color |
| Black |
_Violet |
Blve

| Pearl |

Tl

b

_Color Movement

bl

s

kBl
skl 5t

3313

| 060 004

bkl

High
2
000
080

016

13s

| 015

oss

BB

amd;muﬁmuﬂthenmwédkwpodﬁunu*mkwtothecouwunﬁnuncdkn
standard to be

Near Specular

Flat

AL |

Aa } AD |
141| 1.87

1.04

_AL |
-0.31

A8
0.13

“High
_fs |

-0.12

0.19




Black -2.82 -0.07 1.99 -1.95 0.32 0.25 -0.
2.66.-3.43 -1.20 1.45 -1.23 -0.44 0.80 -0.38
-0.85 -0.56 -1.34 -0.37 0.16 -0.79 Pearl 3.76
-0.28 0.15 0.05 -0.13 12 A Wlar[err] fil
under standard conditions. The color position
pOSItIOh of the color values, was deternined
[err]L [err]a[err]b[err]L[err]a[err]b 7 19.17 1.94
1.87 1.16 0.86 1.19 1.22 0.14 -1.37 Ofset 0.52 0.72
-0.46 -0.18 0.09 -0.51 -0.18 1.0413

and 7 Jay soraypd and baked
t he onload r initial

Color measurements were made on the above paint after the
above addition of blue dispersion. Measurements were made on an
aluminum clearcoated panel are were as follows: '

Near Specular Flat High

AL} Aa ) Ab ] ALY Aa 1 Ab | AL | Aa | Ab
| Panel Reading| 3.16 | 0551 1.66] 032] 0.01] 078 024] -009] 0.5

At the Near Specular angle, the batch was light and yellow to
the conventional color standard plate; at the Flat angle, the batch was slightly
light and yellow to standard; at the High angle the batch is a good color
match. '

The computerized shading program recommended the
followmg second shading hit with the sprayout to be done on a conventional

aluminum basecoat/clearcoat panel:
Color Movement

lar _Flat . High .
Oolor } L 1 2 | b1 1| a2t b B | al b |AddWeid
| Black | -287) 0071 1991 -195| 032) 025) -043] 000} 0291 o1s8p
Violet | -148) 2661 3431 -120] 145! 1231 .044] 080} .038] 9367p |
| Blue ) -0901 2411 2211 -0851 056} -134] 0371 036] 079 _ 74%9g. |
| Peart | 376) 060) -004) ool o) .028) 01s| oos} 03] o

' The computer program predicted the new color position
relative to the conventional color standard to be:

Near Specular Flat____ High

274 | 013] 0441-0.34) 003} 0.16} 0051 0081 -0.17

‘The aluminium pane] was sprayed and baked under standard
conditions. Measurements were taken with the following results:



Correction Equival ent 10.30 2.46 2.59 O.

.0.68 1.28

0.71 -Q.04

-0.33 Panel Reading 5 At the Near Specul ar anglb N | ent
. reading is light, red and yellow to the convent R]PKKCEﬁﬂmﬁlﬁ@ﬁ%

at the Flat angle, the batch is also light, red
the H gh angle, the batch is light and slightly
The conputer directed that the sprayout to be oh
basecoat/cl earcoat netal panel, because the pred
be within the 2x tol erances aforenentioned. The

d plate;

d [ 1 t
g1u9%fdA§?bﬂgaf

A _conventi onal

ndard; at
d.|] 10

i cted col or po

i t}i on woul d

f-ollowui ng first hadi ng hi t
was recommended: Col or Movenment Near Spddul ar Fl at Hi gh
Near Specular Flat . High i
AL | Aa | Ab | AL | Aa | AD él;..!ﬁl..!gL.
Panel Reading| 0.88 | 067 052| 0.13] 0.06|-005}] 0.01]-0.15} 0.06

Thannmhus:uevnﬂﬁhtheaﬂnenumnomuiuﬂenumevahnsibrdﬂ
numsuenuuuangksandancoknama;Shmmngamhmyvmssuuuwdamﬂms

5 color position.

Thecoanncshmﬁngqw&ennscommmnedudmgomch&ﬂaﬂb
film panel and two conventional aluminum panels, The decrease in process
time relative to conventional sprayout techniques was greater than one hour.



Col or

L

a b - Add
Wi ght Bl ack . -2 SZWS 0 3J>RE 90 0. 29
0 Violet *1.48 2.66 1.45 -L . 38 0
Bl ue +0.59 -2.41 E!“igmém“am‘ ﬂ“ P4l 87?, 13. 93
g.” Pearl 0590* o 09 JAN1‘89Z> 5]-0.13 o0
15 and predict ed the new color position relative t t he conventijorjal col or
standard.to be Near Specul ar Fl at ‘ H gh [erT [grr]a
[err]b [err]L J[err]a [err]b [err]L [err]a™~fertb1.04 1§41
1.87  -0.31 0.13 0. 50 -0.04 15-0. 12 0.19 T

: CLAIMS
Whausclaamed
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1. A process for shading paint that matches the color values
L*, a* and b*,of a standard color paint, said process comprising:

a. spraying a transparent film with paint,

b. measuring and determining L*, a® and b* valuesofsa:d
sprayed paint by a colorimeter;

"¢ comparing said measured L*®, a* and b* values of said sprayed
filmto L*, a* and b® values of a color standard;

d. computing the difference between said L*, a* and b*® values of
said film relative to L*, a* and b® values of said standard to
determine the quantities of components to be added to said
paimtobringsaidpamttothhm L‘ a‘ andb‘ toleranoe i
values of the paint; and

e. repeating steps a through d at least once in the event said pamt

is not within selected color tolerances until said paint is within
said selected color tolerance.

2. The process as claimed in claim 1 wherein said L*, a* and
b* values are measured witha spectrophotometer

3. The process as claimed in claun 1 wherein the said color

standard is prepared by spraying a transparent film with a wet standard color
paint and baking.

4. The process as claimed in claim 1 wherein said color
standard is prepared by

a. spraying a transparent film with basecoat paint;

b. ' spraying a metal panel with basecoat paint;

¢. baking said painted film and said painted metal panel in
parallel;

d. spraying said baked metal panel thh clearcoat;

e. baking said sprayed metal panel to cure said clearcoat;

f. measuring the color components of said painted film and said

\ painted metal panel with a colorimeter; and

This Sheet H
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13 Col or neasurenents were nmade on the above pai nt §qiriy re—ahove addltlon
of bl ue dispesion. Measurenents were nade on an al §n VY
are were as follows: Near FI at
[err]a [err]b [err]L [err]a [err]b Jerr]L [err]
3.16 0.55 1.66 0.32 0.01 0.78 0.24 -0.09 :
angl e, the batch was Iight and yellow to the convgntiona
plate; at the Flat angle, the batch was slightly
standard; at the-H gh angle the batch is a good col or T

-conmput eri zed shadi ng program recomended_t he foll ow ng second shadl ng hit

‘Wi th the sprayout to be done on a conventfonal al um num basecoat/ cl ear coat
panel :

g- calculating the difference between said color components of
said painted film and said metal panel to determine offset
values of said painted film. '

5 S. Process as claimed in claim 4 wherein said color
components are measured by a spectrophotometer.

6. The process of claim 1 wherein one of the components of
the paint contains metallic flake pigments.
10 :
7. The process of claim 1 wherein a spectrophotometer which
measures a spectral curve of a color sample is electrically connected to a
computer which is programmed to determine the L*, a* and b* values from
the spectral curve and transmits these values to the computer and compare.to
15  predetermined tolerance values to prepare a paint within the L*, a* and b*
tolerance values.

8. The process of claim 1 wherein the L*, a* and b® values
determined from a spectral curve of a color and tolerance values for the

20  paint are transmitted to the computer to prepare a paint within tolerance
values.

_-_'__'__P________;__

O O A “’msl’l‘iﬂ‘ﬁ"” I "ﬁm



Col or Movenent Near Specul ar Fl at Hi gh L
a b L a b Add Weight Black -2.82 -0.f{ 32
0.25 -0.43 0.00 0.29 0.158 g. Violet -1.48 2. : . 45
-1.23 -0.44 0.80 -0.38 9.367 g. Blue 0.59 -1%. 21N B9z 89 -f0. 56
-1.34 -0.37 0.16 -0.79 7.139 g. Pearl 3.76 -0 .90 0409
-0.28 0.15 0.05 -0.13 0O The conputer program§g v Lol -or
position relative to the conventional color standard t 0 be. Sgecul ar
Fl at High [err]L [err]Ja [err]b [err]L J[err]a [err]a& rrlb

2.74 0.13 0.44 -0.14 0.03 0.16 0.05 {408 -0.17 The al um ni um panel was
sprayed and baked under standard c_onditlons. Measurenments were taken with

the follow ng results: RAPID COLOR SHADING PROCESS

ABSTRACT

A process for shading paint to match the color of a standard color paint which
process involves the use of transparent film to optically simulate the effect of
remﬁngcokmthnn@mlhcconwmnknmlckmnxmtkqmn.whkhcﬂhnhmkslhe
steps of cooling, spraying, flashing and baking the dbmnmu'wﬂh each
iteration of test panels, with resultants significant decreése in process time.




14 Near Specul ar Fl at
[err]a, [err]b [err]L [err]Ja [err]b Panel

High [err]L [err]a [err]b [errgfst
Reading 0.88 0.67 0.52 0.13

0.06 -0.05 0.01 -0.15 0.06 These values are within the aforenenti oned

tol erance val ues for all
activity was stopped at this 5 color

measur enent angl es and all

col or axes. Shading

posi tion. The conpl ete shading cycle
was conpl eted uisng one Mylar[err] fil

panel s.
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The decrease in process tine relative to conventi onal
t echni ques was greater than one hour.

qn panel and two conventi onal

where C1, C2 and C3 are the concentration of pigment or tint used in the
color.

The color technology used in the shading process is well known

-and is fully discussed in F. W. Bilimeyer and M. Saltzman, Principles of Color

Technology, John Wiley and Sons, New York, 2ad Edition, (1981). Of
particular interest is an article by A. B. J. Rodrigues in Fifth International
Conference in Organic Coatings Science and Technology Proceedings,
Vol. 3, Advances in Organic Coatings and Technology Series. *Theory and
Implementation of Modern Techniques of Color Conception, Matching and
Control", p. 272-282, (1979).

The color measurement procedure can be automated through
use of a computer, See, for example, U.S. Patent No. 3,690,771, issued

September 12, 1972, Armstrong; and U.S. Patent No. 4,403,866, issued
September 13, 1983, Falcoff.

The colorimeter used in the process is electrically connected to
a computer and preferably determines the L*, a* and b* values of the paint
being prepared and feeds these values back to the computer. The
colorimeter views the paint through the visible light spectrum of 400-700.
nanometers (nm),For example, at 20nm increments and calculates the L*, a*
and b* values for the paint based on this data. It is possible to feed process
signals from the colorimeter generated by viewing the paint to the computer
and have the computer determine the L*, a® and b* values.

‘The computer takes these L*, and a* and b® values and
determines the difference between the L*, a* and b* values of the paint
being prepared and tolerance values for the standard paint (AL*, Aa® and
Ab*). With the vector information of the colorants and the AL, Aa® and Ab®,
the computer determines the amount of each of the colorants that is to be
added to bring the paint within the tolerance values for the paint and
activates the metering pumps which feed colorants into the mixing vessel.

‘The above procedure, is repeated until the paint being prepared is with L*
a* and b* tolerance values of the paint,

al um num

spr ayout

Reiterative spraying and baking of test panels with basecoat and

clearcoat layers is a time consuming process. Typically, 25-40 minutes are

required to spray, flash and bake, typically at 104.44 °C (220°F), a waterborne
basecoat. An additional hour is typically necessary to cool the test panel, spray,
flash and bake, typically at 135 °C (275 °F), the solvent-borne clearcoat over the
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from the non-spraycd side of the film panel, which climinates the steps of
cooling, spraying, flashing and baking the clearcoat with cach iterations of
test panels. Significant time can be eliminated by the absence of these steps.

For each sprayout, Mylar® polyester film is cut to fit onto a 10.6 x
15.24 em (4" x 6") metal panel. The film is taped on all sides to the metal panel.
The metal panel is used to hold the Mylar® film panel rigid and to prevent
overspray from falling on the backside of the Mylar® film panel.

A color standard can be prepared for reference against the test
panels, One method of preparing such a standard s through a wet standard
color paint. When a standard paint color has been defined, paint is shaded
until consecutive sprayouts of that paint are within acceptable color tolerance
Yimits to that standard. This paint, known as a wet standard, is sprayed onto a
Mylar® polyester film panel and baked conventionally. This panel will serve
as the reference against which successive Mylar® panels will be compared.

A conventionally prepared color standard may also be used as
the color reference by determining the color offsets from the Mylar® film
panel as follows. The basecoat is sprayed in parallel onto the metal panel and
a Mylar® polyester film panel. Both panels are then baked in parallel,
typically 104.44 °C (220°F) for 10 minutes. The conventional metal panel is then
sprayed with clearcoat and baked, typically at 135 °C (275°F) for 30 minutes to
cure this coating. A colorimeter or spectrophotometer is used to take color
measurements on the metal panel and the Mylar® polyester film panel.
Measurements on the metal panel are taken through the clearcoat film, while on
the Mylar® panel the measurements are taken on the non-sprayed side of the

Mylar® sheet. The Mylar® polyester film optically simulates the effect of reading
color through the conventional clearcoat layer.

The color difference between the conventional metal panel
and the Mylar® panel is recorded for each color axis at cach measuring angle.
Each mcasurement is used as a unique offset correction value for successive
Mylar® polyester film sprayouts to obtain the conventional metal panel
sprayou‘i color position. During the shading process, the test sample Mylar®
panel color readings are adjusted by the offset measurements to obtain the
cquivalent clearcoat panel readings. This method is particularly useful when
conventional métal panel color standards are available.

The measuring device may be directly linked to a computer
which is programmed to automatically apply the Mylar® film offset valuc to



d. conputing the difference between said L*, a* and b* val ues
relative to L*, a* and b* val ues of said standard tg de
guantities of conponents to be added to said 15

said paint to within L*, a* and b* tol erance val ug
repeating steps a through d at

within sel ected color tol erances until
col or tol erance.
a* and b* val ues are neasured with a spectrophoto

claimed in claiml1 wherein the said ol or 25 stande
spraying a transparent filmwith a wet standard col or

prepared by
pai nt and baki ng.
the reading of the successive sprayed film pancls. The operator of the device

will use only corrected values, where the corrected values are the raw Mylar®
film panel values adjusted for the Mylar® to clearcoat offset correction
factor.
The basecoat paint to be shaded is sprayed onto the clear
Mylar® polyester film through conventional spray techniques, and baked,
typically at 104.44°C (220°F) for 10 minutes. After cooling, the film panel is
released from the supporting metal panel. The color of the basecoat is then read
through the Mylar® polyester layer with a conventional colorimeter or-
spectrophotometer. The measuring device may be linked to a computer or other
device which will automatically apply the offset values described above.
The shading computer is programmed to direét the aperator
to spray out test panels as either basecoat onaMylar® film panclorasa
conventional basecoat/clearcoat on an aluminum panel depending on
calculations by the computer, The computer will direct the operator to the
metal panel readings if the total error recovered by the computer-predicted
color additions is less than 0.05% of the total color movement at all angles

and axes, AE. Atalevel of 0.05% the computer will assume that no
improvement can be accomplished.

The computer program will not release a batch of paint nor
terminate shading based solely on color position measurements from the
Mylar® film panels readings. The computer will direct the operator to read
the aluminium basecoat/clearcoat panel for the decision of final.
acceptability of color positions of this batch,

‘The computer will also.direct an aluminum basecoat/clearcoat
panel reading if the shading calculations is not able to determine a solution
to the color mavement based on the coloring vector components available to
it and the current batch color position. In cach of these two situations, the

computer requires a more precise color position, one which does not indlude
the Mylar® film panel offset values calculated into the color values.
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The computer will also direct an aluminum basecoat/clearcoat panel
measurement based on the equivalent color difference after a new mixture
referenced to the standard color panel. For non-metallic paints, if the measurements
taken are within twice the predetermined tolerance for that angle, the computer will

35  direct a conventional aluminum sprayout. For metallic paints, if all axis readings, at
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pai nted netal panel in parallel; d. spraying sai pafell with
clearcoat; 3 5 e. baking said sprayed nget edrd said
clearcoat; f. neasuring the color conponents of kaid painted fllnland sai d
pai nted netal panel with a col orineter;?and 16L—

all three measurement angles, are within twice the tolcrancc for the specific
reading angle, the computer will direct a conventional aluminum sprayout.
Therefore, if the Near Specular reading is within £2.4 units from the
standard value, the Flat is within +0.6 units from standard and the High
rcadmg is within £12 color units the next sprayout will be on a conventional
panel.

After the paint is prepared to meet the required color
tolerance it can be packaged in suitable containers either automatically or
manually by using conventional filling equipment and procedures.

10  Additionally, other instruments can be included in this process which
. measures propertics such as the hiding power of the paint, the viscosity and
deansity of the paint. The data generated by these instruments may also be
fed to the computer and calculations made so that additions of binder
solutions, solvents and colorants can be adjusted to bring the paint within
15 tolerances for the above properties as well,

If desired, the entire paint manufacturing process, or any
combination of individual steps of the manufacturing process can be
controlled by a computer. If the computer is electronically connected to
metering pumps which control the supply of a component used in the paint
and is electronically connected to the spectrophotometer, the computef can
initiate the addition of accurately measured amounts of each component

based upon the spectrophotometric readings and vector strength calculations
of the computer.

20

Although it is less convenient to do so, any of the calculations
required herein can be done without the aid of the computer simiply by
utilizing the proper mathematical formulations.

The following Examples illustrate the invention.

25

EXAMPLES
30  EXAMPLE]

A 410.773 kg (905.6 1b) batch of white basecoat made of colorings,
binder and solvents was produced. A Mylar® polyester film panel having a
thickness of five mils was sprayed and baked in parallel with a conventional
aluminium panel. The metal panel was then coated with an acrylic clearcoat.
35 Color measurements were taken using a X-Rite Model 968 Single Angle
Spectrophotometer using one angle measuring geometry corresponding to



g. calculating the difference between said color c
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6 onput er which 15
conpares these values with predeterm nedstol erance values for a standard

paint to prepare a paint within the L*, a* and b* tol erance val ues.

CLAIMS
What is claimed:

L. A process for shading paint that matches the color values

L*, a* and b*, of a standard color paint consisting of a basecoat layer and a
5 clearcoat layer, said process comprising:

a. s?raying a transparent film with paint, the film optically

simulating the effect of reading color values through a clearcoat;
b. measuring and determining L*, a* and b® valucs of said
Lo sprayed paint by a colorimeter;

€. comparing said measured L*, a* and b*® values of said sprayed
filmto L*, 2* and b* values of a color standard;

computing the difference between said L, a® and b* values of
said film relative to L*, a* and b* values of said standard to
determine the quantities of components to be added to said
paint to bring said paint to within L*, a*and b* tolerarice
values of the paint; and '
repeating steps a through d at least once in the event said paint

is not withia selected color tolerances until said paint is within
said selected color tolerance.

15
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2. The process as claimed in claim 1 wherein said L*, a* and
b* values are measured with a spectrophotometer.

3. The process as claimed in claim 1 wherein the said color
25

standard is prepared by spraying a transparent film with a wet standard color
paint and baking.

4. The process as claimed in claim 1 wherein said color
standard is prepared by

30 a.  spraying a transparent film with basecoat paint;
b. spra_ying a metal panel with basecoat paint; :
c. baking said painted film and said painted metal panel in
parallel;
35 d. spraying said baked metal panel with clearcoat;
¢. baking said sprayed metal panel to cure said clearcoat;
f.  measuring the color components of said painted film and said
painted metal panel with a colorimeter; and
\

A g



8. The process of claim1 wherein the L*, a*.and b* val ues determ ned from

a spectral curve of a color and tolerance values for tpe—20—paint are
transmtted to the conputer to prepare a paint within tREmfAﬂMNP'S}HT
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g. calculating the difference between said color components of
said painted film and said metal panel to determine offset
values of said painted film.

5 S. Process as claimed in claim 4 wherein said color
components are measured by a spectrophotometer.

6. The process of claim 1 wherein one of the components of
the paint contains metallic flake pigments. |
10
7. The process of claim 1 wherein a spectrophotometer which

measures a spectral curve of a color sample is electrically connected to a
computer, which is programmed to determine the L*, a* and b* values from
the spectral curve, and transmits these values to the computer which

15 compares these values with predetermined tolerance values for a standard

paint to prepare a paint within the L*, a* and b* tolerance values.

8. The process of claim 1 wherein the L*, a* and b* values
determined from a spectral curve of a color and tolerance values for the

20  Ppaint are transmitted to the computer to prepare 2 paint within tolerance
values,

—
L



