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ABSTRACT

} Problems inherent in color measurements of flat and
semi-glogs products are discussed and instrumentel methods
peruitting such measurements are detailed.



P,

Fart II - Application and Alignment of Colormaster for Reflectance
Messurements of Flat and Semi-Gloss Filnishes

In&roduc&ion

; Part I of this report has reviewed the basic conditions thai
must prevail Af color is te be shaded snd controlled instrumentally.
If these prerequisites are recognized &nd accepted, then many of the
problems hindering the successful application of instrumentation will
be eliminated. In the interval, formulations not adhering to the
basic concepbs, particulsrly with respect to pigmentaetion, can be
successfully handled, but only by individuals capsble of exercising

g high Gegree of Judgement. The belief that the instrumental approsach
to color results in a mechanical system i1s highly errcneous, Judge -~
ment is an integral part of the work.

Experience has shown thet panels messured gt gloss levels
equal to standard, have not posed problems but color messurements
of two panels at different gloss levels have been a8 problem,

Part II of Chis report covers the problems inherent in color
neasurement and control of £lat and semi-gloss products versus
standards of different gloss levels. The weakness of all tri-
stimulus colorimefers where surface irregularities of the finishes
being weasured can result in light scattering, hence pertial messure-
ment of spescular gloss along with light ewerging from the pigmented
£1lm, have been recognized and guarded sgainst in the past through
the design of the instruwents themselves. In the msasurement of
flat and semi-gloss products one is faced with, by %he very nature
of the produets, color measurements on irregular surfaces where
ggg@rol%edtacatzering of speculsr gloss is an integral property of
product,

It has long been accepted that color adjustments and batch
turnover time on £lat and semi-gloss products are much greater on
theae products than on high gloss products. The eye has difficulty
in distinguishing between color differences that sre solely func~
tiong of gloss and resl differences iwndlcating hue variations, hence
the need for instrumentation., The tri-gtimulus colorimeter, properly
atandardized and used by skilled persounel can acowrsately measure color
differences on these products. By analysis, the operator can then
determing what portion of the measured color difference 1s due sole-~
iy to glose variations, snd what portion is a result of hue variations,

Techniques permitting accurate and reproducible reading
using the Colormgster on flat and semi-gloss products are exsmined,

Heaults

It is appsrent from the work completed to date that gloss
variations of equal magnitude have an incroasingly grester effect
23 the reflectance of the color decreases; i.e., dark colors are
more greatly affected by gloss variations than are light colors.

In 81l colors & reduction in gloss results in an spparent incresse
in the lightness of the color. This reflectance change i2 a result
of the scatbering of the gloss component of light reflected from
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the f£ilm because of the irregularity of the £ilm surface csused
by the flattening agent., Previous work has shown that this gloss
component has essentlially the same color composition as the light
striking the £4lm,

In neutral greys, the essentially equal G, R and B
reflectance values are approzimately egually affected by the gloss
component, hence the effect of gloss variations is primarily in
the lightness direction with little or no effect on the hue or
saturation of ¢the color (note Exhibit a).

In saturated colors, the unequal G, R and B reflectance
values avre not evenly affected by the gloss component resulting
in a8 three-fold effect, in that instrumentally a pronocunced change
(loss) in saturation &s well as in hue ogceurs, plus the increase
in lightnass previously noted for neutral grays (note Exhibit B).
Visually the eye accepts these colors as being equal to their .
respective standards and does not detect the hue gnd saturation
changes measured instrumsntally. The eye does detect minor variations
in lightness levels in the dark colors, but these are not considered
o be obiectidnable based on visual inspsction by trained color
personnel. i :

During the course of this investigation it was noted that

different Colormasters veried in their ability ¢o messure panels

of different gloss levels reletive to 2 standard. This fact was
confirmed by a "round robin" test om penels of varying gloss incre-
ments prepared at Process Engineering and divisionally resd., The
data showing the variation between Colormassters within the Division
have been compiled and distributed by E. A. Miller., These dats are
included as Exhibit C inm this report.

.(“.‘onclusions

1) Techniques that permit sccurate end reproducible
reflectaonce measurements on flat snd semi-gloms
panels have been Geveloped and are detailed in
this report.

2) Lack of visual and instrumental correlstion between
panels differing in gloss com now be explained,
since 1% has been established that tri-stimulus
colorineters detect color differences not discern~
ible by the eye. This condition exists in non-
metameric matches,

3) Alignment of Divisional "Colormasters” to make
- meaningful Division color tolerances can be
readlly established using techniques detailed
in this report. ., , ,

Discussion

The vesults of this investigation indicate that the response
of the "Colormaster” Differential Colorimeter to gloss variations
differs with each unit, These differences are believed to be
caused by very minor veristions with respeet to positioning of the
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optical system and photo tubes in sach instrument. Other tri-
stimulus instruments would show the same variationa. In addition
%o the variation noted between clean units, 1t is possible to
obtain considerable variation within an instrument because of
variations in the cleenliness of the filters, optics, mirrors

and gloss plates above the photo tubes. This is not surprising
since the presence of grime and dust psrticles will ¢end to dis-
perse the light in much the sawme way ss the flattiening component
of a £11m does. This will produce an additive effect when coupled
to film gloss of a panel, '

In order to remain instrumentelly consistent on & given
Colormaster it is essential thet esach instrument be rigorously
cleansd priof tO initial use and that dailly cleaning of the glass
plate over the photo tube and the mirror using & camel halr brush
be strictly enforced. Dust perticles acowmlating on these sur-
Paces can result in major memsurement errors due to their gbllity
to scatter light. To sssist further it is essential that esch
plant site number their individual colorimeters, and all readings
pertalning to & batch be made on the same colorimeter., Clesning
of all optics following P.T.S.P, #18, page 9, section P-2, should
ge ezzabliahea on & oyecle based on conditions existing st each

ccation.

The following procedurs is recommended for obtaining
instrumental color reslings on batches which asre to be instru-
mentally controlled, where gloss differences exist between the
batch and standard due to the use of & high gloss color standard.

1) Select an approved batch that iz visually considered
to be FULLY equel to the dry plate a%ﬁiﬁ%rdo

2) cCalibrate the dry plate standard ou a properly
eleans@ Colormaster versus the vhite ceramic
plague using semi-gbaolute colorimetry. Assign
these values to the dry plate standerd,

For exemple -

Values determined for dry plate standard versus
white ceramic plaque,

G = 780 10
R = 79,60
B = 79.02

3) Read the visually approved and accepted batch
panel versus the calibrated dry plate standard.
Record @, R and B values for the batch along
with the Plant colorimeter number,

4) Repeat om sach additional Colormaster, first
standerdizing the Colormaster using the G, R end B
valugs for the dry plate standard (determined in
point 2). Read the selected batch versus the dry
plate standard, recording ¢, R and B values along
with the instrument nuwber, Designate values 88
Gn, Rn end Bn. Values of visually accepted batch
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{point 1) versus dry plate standard.

| #1 R #3

Do P8, Colormaster colormaster ‘Colormaster
¢ = 78,10 G1 = 78.41 = 78,90 3 = 79.50
R = ?9060 R% L 005'0 gg L ?9000 gg Lo 7?020
Ba T9.02 Bl = T4.10 Bp = 76.10 B3 = 76.14%

To ao,éatrol production batches, using & clean and prdpsrly
serviced Colormaster, the following procedure should be used:

5) Standardize the Colormaster to the values determined
for the dry plate stendard in step 2.

6) Determine G, R and B values for the production
batch versus the dry plate standard using semi-
absclute coclorimetry. Production batch versus
D.P.8. read on Colormaster #3:

D.P.S. Batch
@ = 78,10 @ = 73,
R = 79,60 Rs gg.%
B = 79,02 B = 68,8

7) Caloulate delta values using for standard values,
those values determined in step 3, not the values
shown for the callbration of the dry plate standard,
Care must be teken to select those values asaigned
for the particular Colormaster used, An example
of the calculation involved is as follows:

.,Detexvm;mtion of AL, 4a, Ab velues for Colormasster 3.
Standard Bateh

@3 = 73- 4] ¢ - 62.-
%gjgii?, \gm;%
g
Ab = +1.52

A summary of the ateps involved are shown below:
{A) Values determined for dry plate standard versus white ceramic

plam had a - 78910
R = 79.60
B = 79002
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{B) values of visuslly accepted batech (point 1) versus dry plste

standard -
;! # #3
B.P.5, Colormester  Colormaster  Colormaster
G = 78010 Gi 8.41 62 78090 03 ?90 ]
R =79.60 Ry 80.50 R2 T79.00 R} 79.40

B 79’0 02 Bl 7&' e 10 . Be ?6: 10 BB 7601&

{(c) Production batch versus D.P.S. standard read on Colormaster 3:
D.P.8, Batch
G = 78clo G 730 ’
R = 79,60 R g%.&
B L 79002 B ,081‘

(D) Determination of 41, 4a, Ab for Colormaster 3:

" Standard Batch :
3 = 79.5 ¢ 73.%
R3 = 79,40 R T3.K
B% - ollg‘ B 6%»%
tﬂL L “2040
Aﬁ @ “’IQM
&b i +1v52

417

Divisional Alig

, When two or more locations ere menufacturing the saws

gmdnct code and close alignment is mendatory, it is essential

het the Colormesters at each sibe be aligned with respect to the
product., This ie critical where gloss differences exist between
product and approvel stendards, I alignwent 1s not mede, then
pazsing tolerances with respect to z standard can be farcical
because of varying sensitivity of sach unit where gloss is a
factor in measurements, Aligoment of Colormasters from plant to
plant ia relatively simple and straightforwerd. This can be
gecomplished as follows:s

1) The "parent” plant must send to dach manufacturing
8ite a penel of the visually approved betch,
along with 2 dry piste staendard, assuming this
standard is not already available.

2) Upon receipt of these psnels, the plaut should
stendardize the Colormaster to the values showm
on the dry plate standard. The visually spproved
batch panel should then be reed agalinat the dry
plate standard and the values for G,s Rland B
duly recorded along with the instrument numbey,
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These values are then used for calculation purposes,
88 shown in the preceding example. The psssing
bateh panel should then be returned to the parent
plant; or alternately, if & calibrasted dry plate
standard is aveilable at the plant then only the
approved batch panel need e forwarded. Upon receipt
of this panel, the panel should be carefully read
versus the dry plate standard vis semi-absolute
colorimetry and G, R and B values duly recorded
showing the iunstrument number the valuss apply to.
These values should then be used for calculation
purpoges. The approved batch psnel should then be
returned to the parent plsnt.
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Heutral Gray

Flattin _ '
%1gm:nt1as o% ¥ L5 2% 3% 3.5% 4% 5%

Lightuness = 85 |
Gloss 86,0 ¥3.5 30.50 22,80 12.50 6.30 5.30  4.30

G 67. 67. 67 . g 68.30 69.02 66.98 70.19 70,12
R ;65.3? 6&% 68@%2 68.%2 169,66 7.'0.22 21-903 ZO_@&O
B 66920 56028 660‘%’0 66962 67’28 6?0 8 ?991 8005
AL + 0L 40,03 4 .20 + .5 +1.03 +1.13 41,10
Aa - .03 0000 - 908 =9 had 91 * of - 915
&b + .05 « A - 08 4 01 4 A5 4 J@g + .24

46,50 34,50 23.70 9,80 8.10 5.50 2.60

G 21.16  21.32 21.4% 21.52 22.71 23,18 23.91 24,78

R 21.54 21.;3 21,83 21.88 23,03 23,52 2§.2% 230 11

B 20,64 20.80 20.93 21,08 22.31 22.84 23.56 23.45
AL . 016 + .28 $0.36 41.60 42,06 42.78 +3.60
ﬂa 'j!‘ign 12 "%’O° 11 '&'0. 02 ""Os 17 Wﬂ % "'Oo 1@ '-'09 1
@b "@‘Qnoo “‘Ooﬂz “00 10 ‘”0»22 - 035 “’0533 "003

Gloss 87.0 45,00 36,00 21,30 10.40 8,00 5.30  2.90

@ 2075 0(312 . owe L] % ac 5 50 130 5085? 6072@
R 99693 gu%a %0026 %agga I]’o ES 59012 50?00 603?0
E ) 20939 30220 39290 30?60 502 h’ 54391 6.12“‘ 60 2
AL + .88 41,08 42,86 T7.57 47, +9.85 +11.88
ﬁa +4o&'6 4 039 4’0.54 ’023 - ‘1' - oig - 059
&b had 018 bl og.B *0_032 +01Q ‘i‘ ow 4+ o 4+ 0'50
NOTE:

Gloss readings were made at 60° and are reported to show order
of magnitude of gloss change resulting from addition of flatting pig-
ment, It i recognized that certain readings are outside the normel
60° limits, but are presented to evoid complexities resulting from scale
changes ., '
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EXHIBIT B

885-0557 - lLightness % 85

% FPlatting _
Plgnent OF 1% 1.5 2.0 3.0 3.5  4.06 5.08

¢ = T0.4% 70.2% 70.2 70.45 70.88 1.07 7i.1 1.82
R = 62,10 61,88 61,9§ 62,10 62,44 2,63 62,72 83.27

B = 8? 28 87°20 87025 8?0!!‘1 87»:9)" 88003 88030 ) 090
AL B - 910 bl 008 0000 '5" »a2,2 S 032 i 036 % 967
Aa - ~o°2 , 001 % 002 - 902 - ,010 - 9.0_2}‘ - c15
Ab -.11 -.,11 - ,08 - .09 +.01 - .15 0.00
L ¥ 50 . \

¢ 20,66 2 21,13 21.69 22.31 22, 68 22,92  23.53
R 10.4 g 11,03 11.70 12,36 12,76 13,01 13.6
B 57.7 5?. 58,10 58,53 50.10 ©50.81 59.63 60.13
AL 4+ .28 4+ .56 41,10 41.74  42.12  42.37 42.98
A8 + ,39 + .62 4+ .60 +.92 4+ .95 °96 +1.03
4y 4+ .31 .52 41,12 41,66 42.01 42.21  +2.77
L &% 15

G 2.4 2.713 2.918 3,139 3.732 4.042 4,378 5,228
R 0 1.185 1.397 1.610 2,206 2,457 2;331 3,696
B 15.22 15.23 15,43 15 71_ 16.36 16.63 17.13 18,09
AL + .99 +41.88 42.74% 4,90 45.04 46, $9.42
Aa -1,30  -2,16 .2.92 4,69 ~6,%2 -6, %g ~7.50

Ab +1.65 42,68 43,53  45.57 46.99 47.68 +49.78
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EXHIBIT B (Cont'd)

865-0362 - Lightness & 85

% Flatting _ ‘
Base 1% 1.5% 2% 3% 3.5% he 5%

P B BB LY OBV OGS BN OBY OBS

) = ° o % e ° 3 ° FYY

B = 65,94 65.84 65,32 65,73 66.16 66,26 67.48 67.4%
AL - 02 - 02 -~ 04 4,13 4+ .20 4 .81 + .81
y.}: 00 +l.12 42,24 42,10 42,18 42,02 42,15
Ab 4+ .05 + .11 4,13 +.03 4 .05 <+ .05 <+ .09
L ¢ 50 | _ :

¢ 20,14 20,17 20.27 20,48 21.04 21.19 '6( 21.89
R 31.12 31,13 31.26 31.44 31,98 32,16 6 32.83
B 11,15 11,22 11, 3% 11,68 12.31 12,49 13,, 13.82
AL + .08 + .15 4 .38 +.98 41,1% 41,68 +1.88
M 06 - 003 - 922 bt 056 - 055 had ceg 097
db - 011" - 027 bad 077 ‘“lplo "'1@59 "2 1 “"g 61“
‘(#) visually sppears sl, blue '
L % 30 |

¢ Th.89* T4,99% T5.70* 76.29¢ 78, 06# 79.01% 80.20* 86,96
R 15,02 15,01 15,10 15,16 15, 8 15,43 15058 16.25
B 9.89* 10,59% 11.06% 11,93* 13, 15,50 16,54# 24,88
(#) 10X mmltiplier .

AL + .03 . OZ + .30 % T3 4 .85 +1.¢ +2°41
Qa 4’ n.03 w0 WA hd o£ b °§ “51067 "'1;7. ~~QQW )
Ab had 983 “1020 '20. "39 -"'501? "5085« -.IOoW@

gﬁ) Visually sppeers slightly bluer than standard
(##} Bluer: thsn standard, but not to extent shown matrumentzany
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() 10X mltiplier

EXMIBIT B (Cont'd)

885-0630 - Lightness & 85

% Flatting "

Pigment 1% 1.5 26 3% 3.5%
8 = - 714 1.37 71.38 *n 54 72,,03 g2°67
R -3 001 _0909 Oo 12 g 800? ,1020
B = k3,50 43,85 3,48 2&3, 45,32
AL - 08 - 0% + o Ol 032 + .60
Aa L' 0% “}' oo? 003 ‘9' o - 01
Ab - 005 « 90!5 “ o\ bl 970 "l

L %v 55 .
¢ = 2514 zsoaa g 25, 19 25,52 25,74
R = 35017 35 gg 35 3§o 4 5060
B = 31,35 31 65“ BEa 7+ 38.76% 39,320 §2,01¢
4L - ,@6 = .10 4+ 05 R 935 + 57
A& faid 91 e oﬁﬁ bt 009 hnd om 03
iv =036 < .90 -2,10 419 «5 30

4%
J2.53

12
'45,,08

4 .5

b 090

26,08

885
~e' .89
°7’e 19

5%
| _;lon
§5:28
+ .81
L3 0 C
"19%

i
B4 630
+1.484

“9083
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EXHIBIT € €C: 0, R, VOIK - MARSHALL LB,
| J. C. DOHERTY - PHILA,

Philadelphia Plant
September 25, 1961

Wo. Ho EDWARDS

FROCESS ENGINEERING
MENO

| AN INVESTIGATION OF MEASURING TWO PANELS OF THE
SAME COLOR BUT DIFFERENT GLOSS IEVELS ON THREE COLORMASTERS

A previous study indicated non-reproducible results between
three colormpsters when measuring two panels of the ssme color but
different gloss levels - one & high gloss and one a flat, This
study was extended ¢o cover all of the colormasters on the Phila-
delphia Plant Co determine degree of variasnce that might be expscted
in the division,.

Iocation of Panel

Colormas ter @-85
S O38 AG
Sales Development 67,60 2,
Pi%, I.C.A, 67.60 1.
Process Eng. 67.60 2.87
Process Eng. Iab, 67.60 69,92 2.32
Control lab, 67.60 70,14 2,54
B @?Wp ' 6?060 70@ 10 ) 2050

& similasr cheek will be made of the colormesters in the A
division, Pemels to be asir-mailed to the plsnts September 22, 1061,

The £lat panel was olled and then read on the Sales Develop-
nent end Plant I.C.A. colormesters,

Flat 0-85
I.C.4, Readiﬂg 1 €7.60 66,93
o T2 6:?..60 o 6609
3 6?06@ 660*- 9
67.60 66,82
Ssles Develop, 1 67.60 66,80
2 67.60 66.94
E 67.60 66.,30
67,60 66.87
P.E. i

67.60 68,14 (VzZ-120%)
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EXHIBIT ¢ (Cont'd)

The oil film thickness does affect the @ reading but the
ropiness of the o1l £ilm scems to bave some effect. It wss found
the moet reproducible resulis were obtained by oiling the panel
freely then wiping off with a dry cloth, ]

. It was recommented to 0. Volk that some mesns be developed
to raise the gloss of the flat penels gnd new values be established,
in order %o avold the variance batuween colormssters dus to gless,

PROCESS ENGINEERING

| Bo A, Miller
EAM XL

DUP030002259




EXHIBIT C

¢C: 0. R, VOIK - MARSHALL LAB.
WQ Hg TOQIE had " o

Fhiladelphia Plant
October 16, 19611

W, H, EDWARDS

COLORIMETER-CHART COLOR ADJUSTMENT SYSTEM (P-57)
USE OF SEMI-GLOSS S@AH%%I%ORMGOMOL OF FLAT PANELS
N

When we were unable €0 raproﬁuce the AQ value of a gloss
and 8 flat pansl using two colormasters in the Philadelphis Plant,
@ survey was made ¢o incliude all colormasters in the division,
The following data show the AG difference as measured on color-
masgers in the pl&nts and the same panels neasured 1n Frocess Engin-
gerings

o

?oao minus plant

_ PE, e O WAG values
A¢  1.80 1,30  Chicago 4+ 0,50
142 1,20 Tucker L % 0,22
1855 09-26 Phila, + 0.58
" 1021 1063 H@Wbﬂl'ﬁh I - oeuz
. 98- | 0. o IX + O 4
@ 1.49 1.15 Flint I + Qo
" LAY 1,05 " Iz + 0,
" 2033 ‘2012 AJ&X .T . L 0021
¥ 2,33 1,61 w 1T ' + 0.42
Panels not 1.96 Toledo I
returned . 2022 " 11
_ 1.49 v i1z ,
AG lom 1915 sQoSoFo I - 09&
o107 .60 @ I + 0,47
.70 o Parlin I - 0.05
Y ( SO - B 11 + 0,62
.70 57 " III 4 0,13

All of the panels sent to the plants were made from the same
material and on the same day using the automatic spray gun. The panels
when read on the Process Engineering colormaster should have had the
same 4G values, but note the variance from 0,70 to 2.33. This in-
dicates a weakness in reproducibllity of the teat. The panels were
made in "Duco”® gimilar to the method used to make tha present gloss
versus color study. A

{#) Du Pont Registered Trademsrk
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EXHIBI? ¢ (Cont'd)

Parlin reported that they could get smaller differences
in 4G between colormasters if they used the spinner,

The large aperture was also used to evalua&'e panels with
the following results on two colormasters:s

P.E,  Marshall Lab,

AG ‘logo 1,38 4 0,32 %A,jax Panels )
0.50 4+ 0,31 (Phila, Panels)

The sewe penels measured on the Marshall Laboratory color-
master on the regular port vwere ss followss

AG 2.17 ga.iax Panels }
AG 1.39 Phila. Panels )]

| The large aperture decresses the AG values but did not
eliminate differences between colormasters.

" The only solution to date is t¢ raise the gloss of the flat
panel,

PROCESS ENGINEERING

E. A, Miller
EAMIL

~ DUP030002261




