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The (M) intercept in this situatien i achleved by
reversing the direction of the (iM)-Colorant B line and extending
That [The until 1% indersects the Colorent C vecbor. Whis inter-
section is (2M). (Nobte Figure XXYXIL.)

Plgure XXII

A

caz_o%;;m gt : %; Colorant ¢
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Consider further the proviem of selecting the proper
Colorant £. Host of the Color Effect Chart will sontain vectors
representing the thres-dimenslonal color effects of four or five
individual colorants. If two of these are selected as Colorants
A aud B, thiz leaves only two or three colorsnts which could be
Colorant €, While the third Aplot (i.2., the one not used to
determine points (1M} and (31X} in step 2) will normally give &
clear definition of Colorant €, 1% 1s possible that the construce
tion of step 3 will show that all of these colorants are inter-
sected in this third 4 ploet and should be considered as Colorant C.
In this csge relference must then be made to the other two A plots
to determine which of these colorants will produce the desired
movement toward the origin in g1l three A plobs,

If upen complation of the counstruction s detsiled in
ateps 1 through 5, any of the colorant adds are foumdd $o represent
Repative quantities of one of the colorants, the cause ususlly can
be traced to the fnproper selection of Colorant C. The first move
would be to inspect The construetion to determine 1f encther
Colovant ¢ is feasible. If not, then elther sume error has been
made in the selection of Colorants A and B or & najor consbruction
srror has occurred.

ONE_AND WO COLORANT CORRECTIONS

o
;

¥hile the nature of color adjustment reguires a
three-color correction &t least Y9 of the time, 1% is hypothetically
possible ia certaln csses ©o have & situation which will require she
use of only one or two colorants o adjust the color of the bateh
to that of the standard. However, these situatioms sre easily
ldentified.

1} Ome Colorant Correction - will alwaye be reguired
4P the bateh (Point P) ilies on the same colorant
veetor in 8ll three 4 plots in such 2 position
that the addition of the colorant to point (P)
will move the color to the origin of the 4 plot.

£
L

Twe Colorsnt Correction - will always be required

if points (1M} and {1X} of step 2 lie on the Color-
ant B vector in &ll three A plods in such & position
that the addition of Colorant B will move the color
to the oprigio of the & plots. Alternately, &
twe-colorant correction will slways be reguired i
point (I) of step &4 lies on the origin of the thrae
A ploks,
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MEZALLIS COLORS

Metalile colors Aiffer from non-metaliic colora in theiw
g;igmmmmfma which i3 uwsuxily cowmposed of btransparent colored
pigment dispersions aud g mw"? ie flske, which aets a8 & series of
small wirrors exbedded in the ﬁ"ii}mg mﬂec ting the light entering
the £ilp with @ high degres of directionsl imtensity. This divec-
tional mfl@ﬁmnc@ of %;hes iight sntering the flm produces the
gmmmmn of Yguop-tone” which iz sssocisted with metallic Pinishes.
PTuo-tons” 1s nothing wmore than the change in the intensity of iight

reflected from the f4ilm with a chauge in vieving angle. A modifins-
tlom of the J-3 @zmxsme% + hue been developed o measure two-tone as
the Intensity difference beiwesn light reliected &t the angles of
maxioum and minimus fntensity. The use of this instrument to define
twc-tone in numeriesl terms is an lobegral part of the Colorimeter-
Ghart Solor Adjustuwsnt Systes orocedure for hendling mmnm solovs,
Becauge of the construction of this mms'umem:& it measures “two-tone®
a8 a fmmmn of ightness | (L}, :

The contrul of “pwo-tone” {(hereafter referrsd t0 as T{ )
is sohieved by sdjusting the 1ight ccotiering power of the film,
shereby adjusting the veflectance of the mindmum reflectance angle.
This sonteel of light-seatberiag is achieved through the vee of &8
highly ldght-scabboring M@m@m dispersion, sush as Titaniuw Dlozids
white, So eompaneate for She ot to lob scablering powsy of the
solorantes uveed in the menvfaoturs of the formulation. Color Conirel
cof wetalile~type Tindshes sesuss the conktrol of 4%, s and Ab and AT,
Bapdeglly this is achisved in the sime maimer previously ocublined
for comnbrolling AL, Ag and 4 for non-meballic eolors, with minopr
system modificablons necessary for AN control.

0

Por purposes of lustramental conbrol, there ave two separate

Lypes of wmetallic finish. The first btype i %h& a@nwam%iﬁnﬁﬁ meballic
enioey, @mﬁﬁiniu@ suall guantitiss of white., “Lumcite®® Sopper metallic
{887-93579) 18 a typlesl example of this type. The second type of
netailic eolor is & recent innovation of the formulstbors. In reality,
it 43 2 cpcssebreed bebwsen nop-weitailic formulations and the con-
venblongl metallie Cormmiatisn sud is used Lo obbtain gn inocressed
saturakion over that whish can De oblained in couvenbional wetallics.
It is unigue 4n fthael 1% corbalns 2 cousliderabls amount of light-
goattering Titanlum Diogide whlbe pigrent dn the 1lm i ovder to
sehiave a degree of seburation wﬁiﬂh 2gnned be achileved wikh cone
venbional weballis Pidws, Pluslte™ Turquolse weballic (BB7-93046)

i8 2 Tyodeal o ol this type of finich, whlch is known 88 &

Bigh whilite-conbent wetalilis,

L e HYOH WHTIE-CONPRNY METATIICS

;ﬁ* &Y ;@?"‘3 F* f‘“%"ﬁ".‘»“xh doun

aherts wsad in the color adjustwent of
3 s obbelved by the preparebion of
o The sane wennery previpusliy de-
... A Bypleal color of thiz type is
$.8. B oolors, whibe, block snd
%@&*ﬁﬁ&”‘l{m of the Lol iwmg six veotor
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i A "
2 . B

J
23 -
‘%i NG e white
53 Standard plug aluminue |
b} Spandard plus aluweinus/white combimation
:m%:smx in forumals

These pane m ave m&a for 4, R, B {using the rota-
ting top f*@mrmww‘% and T (using the average of 4 rveadings
M an®, 18e%, @Yo and 260° ,,3 Fhe TV resdings should be made

St 8w ?:h@ gz&zw 1 ¢lips on the solorimeter spinning attsch-
mm will mar the psnel surface., Dsiculabtions ars m&c’i@ in
tavme of L1, A5, 40 and AW fron %ﬁn&@m*

Teing Sthead, ﬁ&;a 4D and A ﬁ“’infﬂma ‘i;im obFained
above, the g0ior effect shart is sonsteuched, Foup plots
ars mede: nawely, Az ab, A% 48, AL 4b and AVL. Sines the
i’m £ 34 mmw plots ave sinilay bo thoss obbainsd in ron-mesallic
eolors, he mm@f‘mﬁw of the discussion will be devotead m the

preparaslon m::éf the 4L gﬁﬁgwyt,,

FIGURE ¥XIIX
AERAL Chart for High White-=( %aw t Hetallis

v FG g’ {1}
e s g j i 3 g
Whibe EBffect Line i g:,.w k. ii’mg’ﬂ%%gf%%?ﬁm

o VL v 3

n (3] j Lide
®, , ( 23
N‘\»

‘%\\ y}’g’« Std. + Alumivum
844, @ Walte iy e

g 5 oSSR
\“—‘gﬁ;«ig. ! 4 L
INRBEAE

fa & Blaok

LTS PR 3
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o The ATTAL chart is prepared as shown in Figurve

oy ‘ XXTII. MNobte that the ATVAL effect for all panels except the
standard plus sluminum and the standard plus white is essen-
tlally a straight line. This particular line (1) shows the
relationshlp between lightness and 7 for this color. In other
words, if a given batch 18 at the A7W4L point shown by (4}, the
ad justment of this color to mateh the standard, using the color-
ants whose points define the slope of this line, will result ip
& T match to standard as well as & 4L, As and ADb mateh,

A second line {2} way be drawn from the AT w0, 41=0
{standard ) point through the 47, 4L point representing the stan-
dard plus aluminum papsl. This line, known as the "aluminum
affect line” represents the real increasse im T which can be ob-
tained in these high white-conbent metsllics by increasing the
amount of sluminum in the color withoub a proportionste increase
in the white conbent, '

- 1Y 5
A third line (3) can be drawn from the standard point
through the 47,4 L polut representing the standard plus white
panel, This 1{ne is known a8 the "white effect line®™ and repree
sents the real decrease in MW which can be obtained in high whie-
content met@ilics by increasing the white content of the color
without a proportionate ineresse in the aluminum content.

Bs Chart Use

| In high white-content metallics, the 7" adjustment is
7y made as an integral part of the'overall oolor correction.
~ (Wote Figuwre XXIV.)

. . FICGURE Xxmv
Use of ATPAL Color Bffect Chayt
For High White-Content Metalilics

‘ ‘ﬁsﬁig 887-0100
e T

DUP030002523




V=50

jiv

ol tivis high whits-~conbent
0 Sy .s?‘x\}a AL and B apd had »
Vﬁt B of Piguve LXIV. The

Failn W '&3
G Lad b, wéﬁlﬁiﬁ%&wﬁ
The bateh peint (B) pelow

L sopre

wide of the 8 &1L

Bhep 2: Singe point bhe miﬁ&&@ﬁ$

S for ua@v tinbing iﬁ%?»ﬁﬁaﬁ} will
S mpw ?m Lhe level shown by
‘_  the oblor. Draw & 1ine Trom p@in*
Xty and %Vﬁh@ &ir@@tiﬁw of the ainainam
88Tmﬁ 3 ountil 1% intersects thelW A L
vk WQi%“ (¢}, {Wobe red sonatrug-
« g
Stew 3¢ Using thy of the Colorimeber-

seales bo peasure 1.00
@ standard puint

wi point {3.0) on the
. ngth of the line from
~elen of %h@ spale bail-
= 0,7% of distance 3%K).

4 ‘%ﬁ%‘m iy

>‘\ ».h« ) &} 5
swwmt et

Lab plote, deaw 8 iive
o and In the dirsetis & ﬁf
in aach of Gheoswe @A&%M
ahe :

&% @wii
.«ww &xﬁ Jay otf
wh 18] eguivalsut
LI G % U &\?% ol the
a@%i%r@wi@m 45 this sase b,
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he somE SPde
Lop sorrestion,
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; &@v@ Vamﬁmrﬁ &r@ ﬁh@ﬁ%
b @1&&% m&v&iy £@w ah%f%u
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In the speeiliec case Just debailed, the babeh was,
at (B} in Pigwre XXIV, f.8.. Tow 4n 1%, IFf 1% had beeu at
{" E 36 would have @@wn high in 70 and would then have reguired
8 white fﬁﬁbeaﬁmj @ﬂja&*m@aﬁ from (8%) o (0} ©o refluce the
T prior T the solor sijusiaent.

LI - LOW WHYEE-CONTRNT METALLICS

Az Chark Preparation

Hypothebically, there should be no difference in
the type of color effsot shept pravared for high white-sontend
wetallics and those prepared for low white-condent metslliivs.
Iv setual prachice, however, there 3z a diffevence, 4dus
primarily o the effeet of the swall smounts of white on the
golor. Swumll saounts of white tend to obseure the mirpor
#ffect of the metslliic flake wore rapldly through scatiering
the 1ight than 1% will raise the lightuess of the color. The
resultunt color changs is 8 decrease in Lightnessa Prought
gbout by 8 redustion in the directional indensity of the light
rePlected From the film bescause the light is unow partislly
diffused. DPecanse of this effsct, there is no conslstent
color dlrection for white fddition €5 & low white-content
metallic and the system descwribed sarliier for high white-
evntent metsllies is wob fessible,

' (i this basls, the ocolor effect chavd is drepared
from the followling panels piug the staodard panel.

Standard plus Colorent A
Standacd ples Colovant B
Standard pius blaelk

Standsrd ?iﬁﬁ alumioum
Standsrd plus white (2 levels)

At S

Of the sbove pasels, psnels nuwwber 5 wiolebe the
rule on the exdent of solorant add., The %m@ur% of white usned
in preparing thess ?ﬁ%&?@ is suynivalent to the amount of whibs
10 bthe Teranls and Hal?y that anpount.

Thpve pavels are vead Tor ¢, B snd ¥ using the
-ww%&@ﬁﬁg ﬁ@l@@i&@%ﬁw &%tamhm@mﬁ auﬁ For TP using the average

£ 8Ty mmaau@@@. 3K 180%, &% and 3G0%, The
%fm‘%;@% add tane! ml‘ég %“w TF.

5, Ab and AP Infopsabicn thus
4% A% wud 8 special 477 chars
Anbe 318 only used for the ATY
»%&“‘&ﬁ shows in Figuwe XAV,

?Fm.‘*sgg The o
@% sadined, the da 4b, ¢

are yr&@ﬁ&@@ Wi whi
‘*mm*» which Lu sowsbo
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ATTAL Chart Yor Low ¥ndte-Condssl Metallic Colop
+5ET
/ Siuminam
f Effect lins
_i%*3$d&¢A1mmiﬁﬁm{
: ‘{i ' ) . \.\-a«*"‘“‘w%
P o
¥ guandatl g Sta. suite
™

%sgaga@ya ' o 885050 1@@# batoh
# 0 Gﬁ?é%“% ST

- 84,4 Colorant B
1860, 4+ Golopant &

In the ceve of low white-conkent wmetallics the
givedoun effect Yime lles wery close o the slope of the
APRLL 1ine yﬁa uced by ”ﬂeﬁ?ﬁgaﬁ points mb?ﬁﬁﬂ@ﬁ with the
standard and the standard plus solorvant {exespt 2lusinum)
pareis.  In wany fovaulations th« alumiiam effect line nay
iy solneice with this m&h@r ilne, parkleulariy 1t the
fﬂrMniaiiﬂﬂ a&T 8 for rvery listle while In any case, the
Tumivnm effect line shows clesvriy that it
R4 sl TR of & low whites

it ohurt in the adjusiment
dies pomswhal frowm the

¢ wigh white-contend metalliles,
pes in the A0® plots, Th

&
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gidne the ATTF distance
(3 which ig on the ATV

© wt the lightness {AL}
{ 3 iz on the negstive

# bhateh must be reworiked
on on rework procedures.

by ] ,x\g?;v E & Xf
bx the bhatal

Step 33 P distance determined iu step 2, and
' tr white portion of the ATT plo%, determine
the ‘@f white necessary 1o adjust the ATT of
The O Bero.
Suep 4 the bsich point originglly plobted (B},

‘41@r giff@?@%a% %@ﬁw em &%@ bm%@h a&ﬁ

; F ﬁﬂ&iﬂ ﬂrreu?iﬁm, ?hiﬁ is primﬁwiiy b@causa
kﬂ@ white does not have s predictable effect on
: %zm && wﬁﬁ Ab mir@“fi@msv Thiz shortcoming is
ing foramlia which sontaing

; the white in the Tormuls,

h@lﬂ wuﬁ amffi@ieat white

g @ ba?ah in %hiﬁ manner wili

; P whiste correction will be

2 Xy § agi mwﬂ thue limit its effect on the .
3 4b of the bakoh while correcting ivs

: @@yjiﬁ? t 3 av&r&il e@io$ ca@r&sw
hik ,cwn&wuﬁ webailic involves a
ponenh ad jugtment; white, for AR

ias the Phees »@iﬂ?ﬂﬂ?& involved in %ha
4.8,
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BATCE MANUFACTURE TECHNIQUES POR OPTIMUM RESULDS

The use of the Colorimeter-Chart Color Adjustment Sysiem
will resuldl ir incressed coloy a@jm&ﬁm&ﬁt predustivity and incrzased
plant capacity due to wmore rapid mixer turnover when comparsd bo
current visual color adjusiment Cechnigues. These sdvantages can
be further enhanced throvgh plant operation on a fixed foramuvlation
basis, eliminating the individusl bhateh preformulabion ipherent in
cervain phases of our industvy. Even greater advantsge can bs
attained if the fixed formulation considevs 81l of the coloriwetris
factors inheremt in the affective opsration of the systewm, Foramosb
of the factors which must be congideved iz the lot te lobt variation
inherent in the mapufacture of standardized single pigment colovants,

The effectiveness of any color adjusiment sysbtem is weasured
by i%a rate of productivity and the amount of rework it orcates. The
baslie problem in the manufacture of blended colors resoclves into two
incompatible ceriteria,

1) Mamufacture of the greatest percentage of initially
"0.K. on Iosd" babtches,

2) The smount of the colorants used to adjust the
color of & batch o that of the standard must
be kept to & minimm to avoid rework.

. ~ These two cribteria are basically incompatible since, under
£ wost conditions, emphasis on one will result in the violastion of the
. other criteria., To iliustrate this point, consider the case of &

1ight and seturated color containing over 90F white. Manufacturs of
this color on a Pixed formmlation designed to match ths color stén-
dard with standard colovants will produce 2 sumber of “0.E. on Load®
batehes, the percentage being depeundent upon the reprodusibility of
the individual colorsnts end the tightness of the allowable color
tolerasnce., Howaver, there will be an inherent nuwber of off-color
‘batches reguiring ¢olor adjustwent to the standard. Some of these
off-golor batches will be darker than stendsrd. Such a bateh will
reqguire the zddition of several hundred parts of white psr 100 perts
of the charged bateh to adjust the lightness of the baten to that of
the stendazrd and will create 2 considersble volume of rework.

How then esn thepe opposite objectives be reconciled and
841l resuld in production operation on & fized formulation basis?
The amewer is found in & consideration of the colorant Pormulation
and the bssle compereisl color tolerance of the specific coleor.
I the commsreial color tolersnce is relabively tighb, as in the case
of sutomotive Tinishes, and the color formulation containg a pré-
ponderance of one of the colorgnta, the empbesis should be on ad?ua%iﬁ&
%Q%'Gﬁkar of, each batch to standsed with & minimum guantity of coldr-
antn.

This effect can be achieved, on a fixed formulstion basis,
by using a fixed formulation which is deliberately off-color from
the standard in the gpasific direction which will allow the color of
the bateh to be adjusted to standard with s minimum colorant velume add.
This formuvlation will normally comtaln a slight excess of the pre-
dominant colerant and st the same time be "short" on the black cslorant.
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Cerfalin color formuiabions are nod eribical with respect to -
any of the coloraunts involved in the dlend, il.e., a slight overcharge
of any one of the colorants can be readily rectified with small guane-
tities of the remaining colorants. These colors should be blended on
agfiﬁegdformulation Gasigned to give a direet color match to the
standard.

Some blended color lines sre manufactured to & commercial
cclor tolerance which is rather broad by comparison with automotive
color tolerances for the same color. If this range of color tolerance
for the color exceeds the lot to lot¢ color variation inherent in the
manufacture of the individual colorants meking up the color blend, the
color may be loaded on 8 colorant formulation designed to mabtch the
eolor standard with staudard lots of the colorants. Under %this system,
the bulk of the batehes will be within an zcceptable color variation
of the standard and require no color adjustment. However, there is
@lyays the inherent risk of an occasiounal bateh of a critical formu-
lation being outside the acceptable color varistion and requiring an
extensive amount of the colorants for color adjustment.

HANDLING EXCESS "IRACE" COLORANTS

' As long as the color formulations which are to be
graphically color controlled contain only four pigments (including
white ) for a non-metallic color and five pigments (including white
and aluminum) for a metallic color, there is no danger of obtaining
a metameric color match. However, & c¢onsiderable number of our
current color offerings contain one or mors extraneous plgments,
ususlly in trace guantities, To avoid the poasibility of a metameric
color mateh, it is necessary to have these trace pigments present

in each batch. In oprder to do thisz, the proper amount of the trace
eolorants should be charged in the fixed batch formulation prior to
any color adjustment.

Many formulas will conbtain the minimum number of pigments
as dePined sbove with one or more of the colorant® in trace quantities.
In this case, these "trace™ colorsnts are not extrasnsous, The fixed
formulation used for chargling the bacch, unﬂer these conditions, will
net inciude any of the non-extrancous “trace" colorants bubt will use
them for color adjustment.
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$V-35

Colorant "p"

&

|

'-ﬂ@h

Since points (IM') and (1X') are not divectly available
from the coustrustion of steps 1 through 3, 1% is necessary to
obtaln the two intersections on the Colorant ¢ lins by other means.
In the specific csse shown in Figure XXI, $he (1X)-Colorant B line
intersects the Colorgnt C vector on the wrong slde of the origin.

In wisw of the infinite mumber of parzllel lines which could exist,
this may be cousidered as a valid (2X) intersection. The line from
point (1) psralliel to and in the direction of the Colorsnt B doss
not intersest Coloraut C at any point. How then can 2 suibsble (24)
Jntercept be achieved?

DUP030002533
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. Inspection of this tabulation indiszsies fwo situations
exists -

1} No ussabls color vectors are crossed by the
game colovant effect line 1o each of two
Aplebs,

2} Ome of the four colovant effect lines (P53-0222)
doss nob cross auny useable colorant vestor in
apy of the Aplots. In furn, its colorant
vecbor 48 not crosssd in the uvseabls position
by any of the ofther colorant vectors.

The significance of the second situation is by far the wmost
importsnt, When one of the compougnt coloranie Is not involved in
any way in the table of useable colorant veectbors, 1t means that this
specific colorant (253-0222) will not be utilized in the color adjust-
ment. This, in turn, weans that the remsining three colorants
{£53-0053, 253-0312, and 253-0505) zre colorants A, B and €, the
order depending on which one we use to start with.,

In this specific case, 253-0312 vwas avbiirarily chosen as
colorant A and the graphlcal construction was staried on the AL As
plet. From the table of ugeable coloranis (Pigure XIX) 1% can be
seen that this approach fizes 253-0053 as colorant B, leaving 253-05085
as celorant ¢, Lines are drawn in all three L.plets parallel to and
in the Qirectlon of the Colorant & vector. {Hote red line in Figure
XK.} Tnis line in the A8 Ab plet also orosses the colorvant B
{253-008%} vector tut on the wrong side of the origin of the plot to
be plelked up in the table of usesble colorend vectors {(Figure XIX}.
Phis point is marked {14} and used Jjust s iIf 41t had been 2 useabls
intercept. The remalning zraphical coustruction procedure 1 carried
out as per steps 1 through 6. {(Figuve XX) _ ,

SELECTION OF COLORANT ¢

The bulk of the difficulties imberendt in the use of the
Colorimeter~-Chart Color Adjustwent System resuld from the improper
aselection of Colorent € in siep 3 (note page TV-28). This improper
selection vsuslly results from an unusual circumabance of construction
which dozs nobt provide a posibive intersection of the {IM)-Colorant B
or {1%)-Colorant B line with fthe Colorant © vector when the mechanies
of step 3 are foliowed., In sawy conslderation of the selsction of
Goleorant €, 1t sust be rewembersd that the 1ines draswa, in sbep 3,
from points {3} and (1Y) parsilel to and in the direction of the
vastor repressniing Colorant B are oniy bwo of an imfinibe rumber of
iines which ¢ould be drawe Cfrom the Colorant A line., {(Note Figurs XXI. }.
If all ¢of Shere lines sve drawn, 1% can Gthem be sesn that the lines
paralilel to the Colorant B vector will interswelt the Colorant £ wector
on the right side of the ovigin only if they originate on the. Colorant
A lime st & polnd Antersediate between poinds (1¥') and (3X' ).
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TN =286

to the standsed, cwmot be worked by the provedure as detalled below.
Thepe seses oon be classilied inte Tive basiv classes sasgh of whish
is readily reccognisable avwd reoulpres only eslight modifiesgtion of the
detailed pyaten. ’

The bysie graphiecsl tachnigue iz debailed in the followe
ing sbepes
$eep 1r  Plob the AL, s, and A% velues of the bateh {(HL = +0.80,
T Az = 40,10, Ab ¢ -2.00) on the 48 Adb, AL Ak and
A% Ad plets., label these points {P). Using the paralisl
ddne plotter of the Colsvimetsr-Chart Plotting Device,
Avaw & light line fros point {P) paralilel to snd in the
direction of the eolupy effect vectors for sach of ths
esmponent solorgnts. Prepare & table (Pigure XVI),
llsting Tor sash of the £ ploks the solorant vesbors
which head toward the origln frow the point where they
are crossed by these lines from peint (P). For exsmple,
in Filgore XVIT thege lives are shown ag deshed red lines
and the iine from point {P) in the Ha Ab plob, which
corpasponds to the effect of white (2530953}, croeses
the 253-0312 lins in such & position that the additlon
of 28530912 from the crosping point will move the colow
in the direchbion of the origin., The (P)-853-0953 line
8izo cronses the 253-0505 line, bub In such @ position
Bhiat bhe 2443%ion of 2530805 will move the color away
from bhe origin, Shus, the intersection with 253-0312
1 lfsted for 25300532 fn the &2 Ab plot bubt the
interseobion with 253-050% is nob.  The 1list of inters-
seebions should dnclude even those which £all beyond
the moope of the chart., The 1ist of intersections is
for cur specifiic exdmple s tabdulated helow.

ok = o SRS N LB V™l YT T AR TR IR S RS RIS T kel

' FIGURE XVX
USRABIE COLORANY VECTORS CROSSED BY COMPONENT COLORANTS

' Componsnt Colorants from Point (P)
Biot 253-0953 253-0002  253.0312  253.0505

PR Pty

i da & | 253-0312  253-0312  253-0953 -
| . 2530808 |

53,0505 0530318  253-0282 2530820
BE 30505 2530051 -
R

Ande 0 253-0200 253-D053 2520053 -

s ingpacted o detevmine whish of
the babah {P) will 3oterssct the
pin dn 8b leest twe different
T bo discusslon OB page

: % is sallisd

. Golorsut B, In the

DUP030002545
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TV-24

iy is izbeled polnt IL. I this cannold be done, a mistale

% ) nas been mede eilher in plothing or in the selection of

o Colorant C. Point I in esch Aplot should be carefully
checked between plots to insure the sceurscy of the
graphical construction. Any varistions greaber than 0.10
NBS unit between plots should be resolved and corrected.

The oversll colorant add then becoues:

Colorant A from point (P} to point IXI
Golorant B from point IX %o point I
Colorent ¢ from point I to the origin

Step 53  Using the variable scale portion of the Colorimeter-Chary
T ' Flotting Device, neasure the auwounts of Colorants A, B

and ¢ reguired to sdjust the bateh color to that of the
standard. Use the calibration of the Color Bffect Chart
plus any expangion or reduction of scale reguired to keep
the construction on the chart to make this measurement.
Beseguse Of minor unresolvable inaceuracies in plotting,
it is necessary %o measure the smount of Colorants &, B,
and © in at% least two of the 4Aplots and average them,
These meusurements should be made as 8 percentage of the
full-scale calibration by setiing the full scale of the
plotting device to the calibration of the vector and
directly measuring the proporiional part of full scale.
This value is czlled (Ha )., If the plotiting scale has
besn expanded or veduced for plotting purposes, the suib-
ahls factor ghould be applied at this paint to get (M)
in terns of vechor calibration.

D

Step 63 Using the table of pon-linesr oalibration, look up the
‘ value of (o) énd determine the value of (). This step

represents & transformation $0 & non-linesr calibration.
It will be noted that this table does not show full calibra-
tion st 1.00 of eslibration. This is because the ares of
uwsesge is on the ne, wtiv& gide of the standard and the
salibration is onw ﬁsitive side and by ouwr color law
8f diminishing returns & color effect on the positive
side of the stapdard will be less than that on the negative

pide.
PIGURE XVIIY
COLOR COMRECTION FOR BAICH () |
| Golorant He N cal Cn Sp Cb S 0
& {253 mwg 2,38 0,307 1.0 D307 .90 0,&:2?6 1,10 3&3{@
B (253-0222) 0.7 0,541 0.5 9.270 .90 (13 s«: ..QQ @ﬁ%g
x:: 2530053 0.48 89,383 20 7.86 B0 6 6.89%
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IV-50

Skep T:  Correct the ﬁunwﬁinaar calibration {¥) for the watﬂbwa%i@m
T of the wector (0} by multiplying (M) times {0) to obtain
{Cn) wnich represcuts the smount of solovant Bo be added
per LU0 pounds of bateh 3f ne strength correction is pree
auired for the baten.

Raraly does & bolch huve the same overall eolor sbtrenghh
as the stendard. The strength of a babok vesulbs from the
Individual bintilng strengihe of the component colopanis.
Since the standard snd the bateh have different composie
tions {or the solor wonld be the same )}, the dateh rursly
hae the same tinbing strengbh as The slendard. If dhe
bateh 18 wesker than the standacd, sach colopant wiil h@vﬁ
& grester effact than predisted. The vatoh aerength {8}
in one %y@ﬁiﬁﬁﬁ cage 18 ?gﬁmy@&k or GOB of standard.
Theretore,; the 3 Paobor used 1y O OO WhE EhreEclion
i8 sade by mm&nip%yimg {8y} times “f&} to obbain {0u).
g? %h% ?i e was 108 strong the €$Q§ taetor would have
Sf |

Stap 9:  The Coloy Effect Charte are prepaved from standardizsd
' solorants adijusted to standsrd strength. In resliity,
plant batches of aclorgnts revely wateh sianderd steengih,
It is necedssry $o adiust the colorant add Por the strsng
of the ﬁpﬁ&%?i% mmiﬂyﬁﬂ% lots used, In thie cass 45 should
. e remembersd that move of & weak solevint lob is required
Lo provide the same coler sPEBst. aam‘}«ar:%g s 1% 1B veosase
APy Lo use iean of 8 &%rngg colorant lot. Thus, in oup
Bpeeitis @V&@g&ﬁ the Z53-U012 18 102 weak and thersfove
reguires 1.10 times the swmount of %mﬁa@&&% to sodhisve the
proper sofor pftect, Since 2530222 48 0% strong Ln o
exanple only 0.90 tizes the stendsrd strength amount of
PEIOERY As wwmmﬁvﬁﬁ Lo sehisve the proper osolor elffegt,
Sinse the @%ﬁuﬂgﬁs is ab OF abrength, no corragtion is
required. The tinbing strength (8¢ i& wulbinlied by the
aon-sorrected ﬁwﬁmmzﬁﬁy evlorent {Op) bo obtain the scbual

3
&

smount of solorent peed in the solop &ﬁjﬁﬁ?&%ﬁ% of tha
bateh.
Hotey The abovs system may be wolifisd alightly Tor metallis-

RPN

&ﬁﬁ@ eniors.,  Thene sodilicsblons are covered labtey Iin
this heandbook,

HAMDLING DEVIATIONS FROM THE BASIC BULES 0P PLOTEING

The Colorimetec-Chart Color &ﬁjaarmw%ﬁ Syatew wlll have
gpaeific cases, which on the surface, appear Lo violaty the genersl
sonstruokion rules s Jelined on pages IV-26 through IV-30-4. To
reconsile these sppoarent vioiations with the overall system, it 4s
necasstry o study in e detsll, the fundapentsl basis of the
graphicsl eonstruction. I genersl, step 1 avtonsbleally seleclts
Colovents A avd B sl m%“@ 3 wotonabionlly selects Colorant C.
Howsver, $u ceriain csses the selection of 81l three colorvants iz
cerried cut in step 1. Whewn this occurs, considetable lseway is
glvan In the remsining sopeeks of the graphical construction ?P@@aﬁm
an detallad iw gope of She Tollowing exswwpies.

DUP030002549




TH=30-4

SAME_DOLOR VECTOR HOT IWIERSECTED I¥ T¥0 £ PLOTS

This caze is apparently 3 viclation of step 1 of Hhe basie
graphicsl bechmnigue in that none of the lines from point P whish ave
pavalilel to, and in the dirscbion of, bhe polovent vectors will inbter-
Bect the seme oolor wvector leading toward the ovigin in at least two
differsnt dplots. How then can Colorants A and B be selecbed?

st us beke 2 specific example as the basls for discussion.
Smsume thad bateh point (P} is Josabed mt AL = 30.30, A8 ~ ~1.4%0 _
sud Ab = +0,90, {[Note Figure XX.} The graphical operation of atep 1
i currdsd oub by drawing the dashed lines {red) to represent the
effect of adding each solorant individually $o bateh (P}, The tabls
of uesable colovant vesbors Is thepn preparsd as shown in Flguee XIX.

imier
i

FIGURE XIX
USBABIE COLORANT VECTORS CROSSED BY COMPONMENT COLCRANIS

Lotorants i
EEVErY: “BEEST

EET = - 2530505 253-0312
) akes  mE3ee3lz 253-0953 -
2 e 853-0505 c. - 253-0953

Plot
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FIGURE XI
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V-2

If the size of this targel is considered as the area of acceptable
color variation from the standard, it may be seen that in long-range
shooting (vhich is an2logous to the formulation or preformulation
of the color) a relgtively small deviation in the angle of the rifile
barrel (which represents the lot to lot variation of the coloranie)
will cause the bullet to miss the target. Conversely, in the process
of color adjustment, we are Plring the rifle virfually point-blank
at the target and 1t would require & much greater siming deviation
%0 miss the target.

The Colorimeter-Chart Color Adjustment System is actually
based upon a graphlical congtruction techaigue found in the science of
Descriptive Geometry. This graphical construction is most frequently
used in the construction of wmine shafis or tunnels, If we have two
tunnels, one starting at & given point {batch) and heading in a given
direction, the other arriving at & given point (standard) from another
direction, and wish to connect these two tunnels with a third tuunnel
which moves in a fixed direction, there is only one point in the first
tunnel (Colorsnt A) where we can dig the connecting tunnel (Colore
ant B) and intersect the third tunnel (Colorant ¢). (Note Figure 1)

The Colorimeter-Chart Color Adjustment System, like any
gystem, has ibs limitations. Its single adjustment effectivensss is
limited to @ meximuwm of 4 to 5 NBS units from svandard. However,
even with batches of greaber deviation, the system has the inherent
advantage of slways moving the batch color toward the standerd,

QUISITES OF THE COLORIMETER-CHART COLOR ADJUSTMENT SYSTEM

The Colorimeter-Chart Color Adjustment System like any
other aystem, is based upon certain conditions or prereqguisites which
serve to rigorously define the limitations under which 1t can be used.
The prerequisites of the Colorimeter-Chart Color Adjustment System '
- ares :

1) Standsrdization of Colorants. The system 1is
dependent upon the calibration of 1ts charis.
This calibration iz mainly dependent upon the
strength of the colorants vsed in the prepara-
tion of these charts., Thersefore, sirength
standardization of these coloranis amsé be
reasonably sccurate since variations in this
strength standerdization will directly affect
the accuracy of the color adjustment.

2) The color to be controlled must not have any
‘goior drift from the time it is sezapled until
the completion of the color sdjustment. Any
color drift due to agitation, flocculation or
deflocculation of the pigment system will be
directly reflected as a color deviation from
Standard after the color adjustwent has been
made, . For this reason, batch sgmples should
not be baken until the ccolor of the batch haa
reached eguilibrium,
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Note: X-¥ tunnel is only

tunnel which can be constructed
at 120° direction and -60° slops

between Tunnels (A) and (C)
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Tunnel (Colorant) ¢
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3} The reprofucibility of panel prepsraticn and
instrusental color messuvrement must be signlfl-
cantly izss than the required color tolersnces,
There is no sense in gbtempbing to conbrol a
eolor 0 & narrow tolerance unlegs i1t can be
reprodueibly weasured o within this toleranse,

k) he color wust be messured snd conbrolied under
conditions whiech insure that the differences
in measurenent are dirsetly corrslateble Lo
gisfferences In pignentation. This meand, for
vw$mp3@$ that gloss differences belween the batch
and the standard aust be gdjusied prior to
ﬂeflectaac@ megsurement, It salso means that
products which are normally confrolled at ine
complete hiding must be evaluabed at complete
hiding to avoid the effect of differeunces in the
Intensity of the subsirzbe color on the reflect-
suce measurements of the bateh and standard.

INSTRUMENTATION OF THE COLORIMETER-CHART COLOR ADJUSTMENT SYSTEN

The Colorimeter-Chart Color Adjustment System 1s based upon
the replacement of visual color pervcepbion with instruwental color
measurement. There are three instruments whilch sre recompended for
the commerclalization of this system, They gre:

1)} "Colormaster®™ Differentlal Colorimeter « Model 4 .
panufaciured by Manufacturers Engineering and
Rouipment Covporation, Hatboro, Fenmsylvanis,

This is the bgslec color messuring instrue
neat for the Colorimetsr-Chert Color Adjustwent
System. It provides Green, Red ané Blue rellect-
snee weasurewents on & color panel or wet ssmple
winich can be converted intc a coordinabe systenm
which preciselv locates The coler of the pansl
in & color s01id (note discussion of color
eoordinate system starting on page (TV-6 ).

This instrusent should be purfhaaﬁﬁ with
certain auxilisry equipment.

&) A seresn multiplier available from MECCO.
This vnit is vsed to incereasge the
sensitivity and securacy of She Colowv-
manber on reflectance values below 10¥.

b} & weballic panel measuring head -

o osurrently under developwent and to he
ayailable from MECCO. This unit is
required fovr reproducible polor neasure-
ments on mpetalliive-type finisbes, where the
grisntation of the wetgllilc particles can
affect the reflectance wvalues oblalined by

- the "Colorwmasser”.
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e @wﬁuyaﬁa than conventional technigues
zoisely the same position for all
Iher, thus eliminating any inherenk
the ﬁiaaﬂr popition bBebween bateh

This *mm
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panal resdings ﬂﬁ & ey
errer dus Lo mingr v
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36 nob ww

ma obtained by colorimeter messurement
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vvsualli ??@? tation of color

wﬁwv to ohtala sgreement with visusl
Bary bo treauslate these G, R, aug ©

shem whioch measures visual aolor

ma

divnabe gystews are very eliwple and can be compared
'hicm we npe Tamiliar. For exsmple, 2 simple
© 3olid can be mz;a by "Omﬂ&risun wfth &
FTre axle iz wue "neutrsl axisn’, having
the otheyr euad ;uw@ black and th renainday
Py sewie tantrel grays ranging fron
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el TR @s Lolhwsa8w¢ if we ca2ld the lightoess
the lightpeBy 41 the pure black O, sll colors
Daving & X @htﬂ?ﬁﬁ egulvalent o thet of @
raswhars batucsn purs white and pure disck.

%0 pw
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3 positien, ¥he spoked wheel gontaing all

Khﬁ syakwﬁ of the whesl represent the
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¥ 1y mized wilth the pure oolor
sratdon ds, therefore, & measuvs
the nentral axis,

el

Fron
Wniie the

angizs and distanc

factors from 3, &, orimeter values were not suitable from

the standpoint of roubine produckion use., Tharefore, the form of the

solor seerdinnbs systaw wes albsrad o & rectilinear coordinate svetew.

The paobi  aoiey guerdinats gysten ney be visualized
&8 vigcss of cordboard intersectbing st right
srglas in the Torm of B [note Fimure XI). The intersection

of these we pleces of cersbosrd is ldentical wikth our axle or
"mensral azis’, I we label oue of the pieces of cardbosrd "a" and
the other one "%, we have the completed color selid. & particulsr
color nan be pinvointed in bhig color space in termg of three
mabhers, L {(or lghtuees ), & and b which are components of the hue
and safuration.  Whils L must siwsys be positive, both a and b can
he elther positive opr vegative, end serve to plapoint the eoler in
verms of redunsse (plug a), grseoness (winue &), yellowness (plus b)
and blaeness (mivaa b). '

The coordinate systen used in the Uolorimeter-Chart fdolor
Ad jugtaient System is known as fhe wodified Adawms? Qoordinate Systenm.
This coordingbe systen 1 uged because 16 agirses woghb clogely with
vigual percepbion and bacause 1t s the systenm Im which many of our
eolor holevances are now or wili be erxpressed. This coordinaste
system I8 expreused by many equations. Howsver, the preparation
of Hables has reduced the ladividuzl calculations te the following
pouations

5\4 o2 };v (@3 _uo@t:‘,&e.»o.a«m»otavbvvcbh.(w”l)

f‘:&z‘%f‘ b f‘?‘ﬁs_ acyoo-.:r.\poceowv.osuwsé‘vf@(ﬁ};‘z’a}
b e hG = b}‘.":\; 7sa.nrv.wa'ao_ovnacvau»ou'(ww‘B)
*r}»”"? (.Q} PR N WA N ) {w*‘%}

sopared [note Figure IIL), covering the
from G, B, ant B, In anpy case, the uss

REAEY
it X . . B ¢ f
sadation of L,

w Sables In
¢ expegnive gol

e ooler cosrdinegte tables sre ussd s followss
B ognd B oeolovimster resdliags

Bo= 55,00 B = 60,00

0.8 {60,060

SO00 & AR08 = B0D,00
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Step 3 ~ Oblein the fupstions of & from Sha tables.

The table pages sre ldeniifisd in the upper
v%ghtumﬁﬁd corier by ths pange of &, R, and
B reflocbanoss vwhose funcblons are btabulated
on Lhal puage. Since we are altsr functions
of & when & = 50,00 we must open the tables
0 the page ddenbified as 42,00-51.00,

8 ﬁ&gﬁ@%@ﬁﬁ&ﬁi@ﬁ of & porbion of this pags
is given on the nexbt puge. (&@ﬁ@ Fi@mﬁ& zv)
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o | FIGURE VI
i' o | | - - 55.00-57,00 }

e L ag bg a L. =g vg
R? - aRs - A e BRo =

B - - by B - - by

rros »

55.00  77.63  324.96 120.95| |s5.00 78.22 327.h2  130.0% ¢

55.02  77.64 325.01  129.97} {56.02  78.23 327.47 130.96 }
77.65 325,06 129,99 {56,048  78.2F 327.52 130,98 § |
Step 5 - Obtain the value of the bp function of B, foliowing
the technidgue of step 3. WNobe that bp is the oanly
coordinate function of B. Since B for our example
iz 60.00 we must use the table page ldentified by
59.00-61.00 in the upper right-hand corner.

FIGURE VII

;59.- 00~g 1,00 - % ‘

G ,‘L. : _&G o : " S— L. " -

W e

Z. 59.00  79.94 334,64 133.82

( 59.02  79.95 334,69 133.8%

“"8tep 6 - ?mm% L, & and b from equations {Li-1), (LI-8) and
. lx““’g ‘o

I o= T4.58
a = 327.42 - 312,19 = +15.23
Vb o= 124,85 « 134.76 = - 9,91

This c@loﬁ would be positioned in color space a8 shown
in Flgure VIII. '
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Partlcular care smust be taken To cobtain the propver sign
in the ezleulation of Lia and Ab because a and b can be either
positive or negative. Note that DL, Aa or Ab can be either
positive or negative and depend upon the relationship in color
apace existing between the bateh color and the standard color.
The proper siguns are particularly important in the Colerimeter~Chart
Color Adjustment Sysiem because Phey control both the type and smount
of the colorants sdded to the babtch in order %o match the color of
the atandard,

As can be seen Trom the preceding discussion, the calou-
lation of AL, Az and LY is time-consuming (estimated calculation
time is 210 minutes) and 1s subject Lo many possidilities of error,
particularliy in the mechanics of caleulation, Recognizing this
limitation, the F. & F. Department commlissioned the Engineering
Rezearch Laboratory, in 1955; %o develop and bulld a special purpose

‘computer designed Go compube 4L, 4a, and Ab directly from the

G, R and B reflsctance data of the batch and standard panels. The
compuker requires about 30 seconds toc make this caloulztion, effective-
iy eliminates the poasibility of any compubtation error and, in reslilty,
mak&s}%ha Colorimeter-Chart Colop Adjusiment Systenm commercially
fespible.

COLOR EFFECT CHARYS

Yhe Colorimeter-Chert Color AdJustwent System is based upon
the use of a apsecial chart which pletures The colorimetric effects
of the individual component solorants upon the color of the sitandard.
Thiz chart, called the Color Effect Chart, 1s specific to a given
color formula and replsces visual color memory snd experience in the
gelection of the identily and the smount of the component coloraais
necessary to adjust the color of & bateh Lo that of the standerd,
A ssparate Color Effsct Chart ls required for each color formula
grazgh% under the control of the Colorimeter-Chart Color Adjustment
E W 20

The Tuncilon of the Color Effect Chart iz to present, in

a2 useable form, il of the data required to adjust the color of the

bateh to that of ths stendard by wsing the Coloriwmeter-Chart Color
AdJustment System. This dete ic obbalned from & series of panels
which iliustrate the colovimetric effect obtzined by sdding a piven
amount of each of ¢he component colorants separately ¢o 100 parts
of the coior standsxrd, The color difference bebtween these panels
and the standard iy measwred and the resulf expressed as the OL,
Hn and LY differease representing the colorimetric effeeth of a
Imown amoount of & specific component oolorant upon the standard.
For oxsmple, 1f the 2ddildlon of 1.0 part of blue (253-0505) to
100 perts of color standsrd (8) produces a colorimetric difference
(X} whish 1s messursd ag AL =2.25, Ag »~0.38 and &b = 2,91,
the overall effrzel lun three-dimgusional color space is shown in
Figure IX a8 blsek 1line [8X]. .
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~ This overall three-dimensionsl color effect {SX) of the
blue (253-0505) can be broken down into ihiree two-dimensional
components by proJecting the {8X) Line into the two-dimensional
plots o8 Ab, OL Aa and HL Ab. Thus, live (SX) can be pictured
in the A8 Ab (Green) plot as line {SR), in the AL fHa {Red) plot
88 line (SB) and in the &L Ab {(Blue) plot as line (8C}). While the
thres-dinmensional affects can be sdequately pictured on any two of
these plots, the technigque of the Colorimester-Chart Color Adjustment
System requives the use of all three £ plots. Hote that the stan-
dard d8 at Lk » O, H8 =« O apd Ak o« O,

Under the concept of the Colorimeter-Chart Celor Adjust-
ment System, if line {SX} represents the celov sffect produced by
the eddition of (X) parte of & colorant to 100 parts of the standapd
solor (8}, then s directly opposite directioral effect will coour if

- some of this colorant is rewmoved from the color standard {8).

Bypothetically, we can assimé thet {X) parts of the colorant can be
removed even Af they are not in the formulation., However, the ree-
moval of {X] parte of the colorsnt will not give an egusl color move-
ment in the opposibe direction since the fundamental wébthematics of
solor are essentially nounelinear and follow 8 golor law of “dimindshe-
Ing returhe” wnioh stetes thst the secon€ increment of ¢OIOF added
will have lees of 8 coior effest than the Liret increment, Boveveyr,
wheh tha COLor chart is prepared, the color sffects of addition and
subtraction of (X} parts of the color are assumed equal for plotting
the direction of the weotor. &n arrowhezd is used along with the
veckor colorant wmarking (253-0505) to indicate the divestion of eolor
movement repultling frow the addition of the colorant, Sincs it is
necessary to know not only whish cGlorents are used but how much of
each 18 veguirsd Yo make the necessary color adjustment; the wector

must be calibrated gg,gﬁ@ AL, S, Ab valuss represesnbtlng the solor
affect uled 1w wetablishing the vector effeet, In our specific sass,
iy salitration would be med gt 1.0, ’

Fhe Color BEffesh Chart, in addition to $he da Hb, HL da
and AL ANb plota, containg ovher informsbivn of vaive in the prepara-
Sion sud use of the chaels. An a; b, chart Is Incorporated glving
%he losatlon of the color standard in abgolute color spave 40 serve
28 8 palde dn chacking the divection of the ¢omponent colorant vectora
for direebion of ecolor wovemsnt due %o colorant addition. {For
datormntion on $he relavlouship of plgmentation effects %o color,
refer to Part I of the ¥. & ¥F. Color Handbook, “Introduction to
tolor Teshnology® ).

, The Colop Effect Chavite for webullie sclors oontals a
plobling ares which svwmarvises “ewo-fone® data.
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AND Az Av, &L Ha, BNB AL Ab PLOTS

~

Fled = 4L Az plot
Blve =ALAD vlob
Green =Aa Ab plok
Blsek = plot in bhres-dimensional color space

Pigure IX
RELATICNSKIP BETWEEN THEEE-DIMENSIONAL COLOR SPACE
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The preparation of the Color Bffect Chart requires the
ateps: )
Prepare two separabely weighed sete of color effect panels.
These panels ore vormelily based on wet color staundard
maberiad, {f 1t s aveilable. Obtherwlise, 2 previously
shaded scceptable bateh of the seme wmeberisl can be used

a8 a basis fTor preparing the panels, A pavel of the
"standard® is also preparzd 28 a base for measuring the
aolor difforences atbributable ro the componsnt colorands,

One panel S8 prepaved Tor egch component eolorant, including
all trase ¢olorants. The awound of the component colorant
uged per 100 pavis of the standaerd wmabterlal will vary widely,
depending both on the strsngbh of the colorant and the ares
of the coloy 80lid 16 which 1t is used. A good yardstick
Tor the amount of the colorant used per 100 perts of stan-
dard in the preparation of these panels is the AL, A8 gnd
Ab golor diffevence obbelnsd. The color blend should be
adjusted so that the maximm AL, A8 or Ab lies bebueen

2 and 3 NBS unilts. Por simpilieity in the ecalibration of

the Coler Effect charts, the awount of the colorant used

por 100 pacts of the staudard should be selected Irom Yhe
following listings 0.1, 0.8, .5, 1.0, 2.0, 3.0, 5.0,

10.0, 20,0 o 50,0, Ewxperlence is generally the best

gulde %o the selectlion of {he evlorant level €0 be used.

In our specific example, the Tollowing penels wers prepared:

PABLE I

Panel
Ho. Colorant Parts /100 varts standard

1 Standard -

?i;‘ ;253 “’Gﬁfﬁ %?5 3- » &

3 2530312 1.0

4 2H3-0053 20,0

5 2BI0008 6.5

¥ the folor Bffzet Chart is beling prepaved for a meballic
Hype oolovr, he aluminus flake pigeent will replace the
whidte in ths non-meballic color syshbéem, White colorent

i8 used in the mebellic color syabem prigarily for bhe
goprection of two-tone differences, Therelfore, & panel
representing 100 paris of the metallic colop standard

plus sulficieut white Vo give & ressopable two-tone
difference iz also prepsred. Normelly, $he amount of
whibe veed would be sgusl to or less than (.5 paris of
whilbe poer 100 peris of the petallie coler standard.
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Step 3:

iv-18
Tha panels are combted using an approved wmethod to
com%zegg hiding and resd on the colorimeter, using the
Bepi-abboiitd methof given in thils handbook and detailed
in TM-1%2. ‘The standard panel is used as the calibration
gtandard for the colorimeter readings. The color difference
iz compubed using either the Tables of Modified Adams
Coordingtes or the Color Difference Compuber, Since two
sete of panaels sre used 16 ls necessary o reconcile any
noteable daviations exieting belwoen the sets of panels,

In the specificcase of the exauple the following
roadings wore obbaliveds

TABLE 1T
Colorant Calibration AL La 4o
2530505 {Biue’) 1.0 -2,25 ~0.38 -2.91
2530312 {2sd) 1,0 -2,01 .28 +0.33
253-0953 {White ) 20,0 +2.56 +3+86 L0, T4 41,04
2530022 (Black) 0.5 -1.00 -0.90  +1.97

Note that the smount of the colorent used per 100 parts
of the ztandard is also the calibration of the colorant
vector.

(Por metalllc colore only) In sddi%ion to the panels
prepared uader stepy 1, preperse 2 psnsl representing 100
parts of the standard plus sufficient white to give a
reagoneble reduction in the two-tone characteristica.
Deteruiine 50 the Two-fone Meter, the two~tong difference
sxisting b:bween the standerd and the standard plus the

white panel. -

Unlvg Diletzgen #332 paper o its equiveient and a scale of
1.0 8BS unibs per ineh {i.2., a minor scale sub-division
sgueds .1 ¥BS uni% ), lzy out the basic As Ab, ALAD and
f,0 B8xas &y ahown An Figure XI.

Using the La, Ab deta for sach color component add, plot
these podnis on the &a Ab plet. Plot the reverse polnts
tle., -Gz, «A4b) on the Az ob plob. Connsct these two
points snd 38 an aveew hesd and colorant ldentifivation
to dndicats the culor dirsction which would rpesult from the
addivion of the eclorgnt ¢o the standard color.

Note: +this line should pass through the origin of the
SDaldb plek. Calidrate the lines at the LHa,Hh polint
representing the gddition and subtrastion of the component
nolorant,

In cur sperific example 853-0505 would provide points in

the La 4Ld plot a8 A8 = -0,38, 4 = -2.91 and Aa = +0,38,
Ab = 2,91, Draw 2 line between these points and through
the origin of the Aadb plot. Bxtend this line beyond the
points unsil 1% crosses the 08 = ¢ 4.0 or AD = § 4.0 line,
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nent resunliting from
| G L 8y _wﬂeaa at the end of |
bthe Ling with the colorant idenbi-
Tiegblion, !

Cortaln eolor forpulations conbalin an exeess color
pigwent dinpersion, uwualiy in trace form. The colovant
veetors of thess eigous color ngman% dispersions are

.a-‘-

marked with the colorent cods followed by 2 {T) and are

Step s

Step Bs

c“!-\u ‘}
/ww «« skl

used only in cuses e*'a@aﬁg%l“W~ i‘mg, if the 253-0505
v@ctﬁr whbvfdeﬂﬁ@d g trace ﬂﬁ%@?ﬁﬁb it would be markeds

(%1, Black colovants, sven when used in trace
qw&ﬁbi ties are pever considered as tvace constituents.
Bxeess colurants are &lso marksd In $fhils mauner.

hi points ‘Magnﬁb end «fm,-4Ab, marck the colorant veskor
with bha 883 brmtion s dsberminsd In step 2. Repeat
sle P8 5 and S for cach colorant.

Fopsat sters 5 and & for eaeh #@i@raﬂt in the ALAs
and A% Ab vlots {(aote Figurs XI).

@bion of the color standavd om the a,b plot,

: lignﬁaevu m:ls@ of the standard on whig plot,
Gheck the M olobs fop the kugwr golor direction of the
TRebors., Iedsord on bhe Coleor Effect Chart the &, Rgnd B
¥ awm ahaydard togebher wikh the commereisl colopr. tolepancs
of the colur {if svailable )

Flot the I
Tdentify @

{Metaliile «alwya iy ) w1§ﬁ,@hﬂ colurant cglibrablon on
the bwo-bong Bogle ab the laft-hand edge of the a,b plot.

gg_gg:wzz;;ﬁ«wmmﬂﬁgmﬁf

m&aﬁ he e

@&lﬁ@r&%%a dalst
Plotting ﬁﬁ?i@u %ua ¥
in availebic Prom

PING USVICE

fechnigus of the Colorimeber-Ohart Color
_%@d vpon the consbruetion of paralilel lines
&aarfﬁwuw ¥ Llinear distanoes a8 & @ﬁ?cﬁntag@ of &

s, A speelal devies, known as a Colorimetar-Chsrt
ﬁﬁaswk@ﬁ sppeifically for bhis puvpose and
i3 Sf.@nb%f%v Instroment ﬂ@mpanyg 39 Spruce

Shrenh, ﬁrp;fwrv ;%@ ““ F 1@@%&&@ Davi This unib is
gcimpossd of ' 4 & parallsl iin@ drafiing unik

whiiek &
R g

meaie v B

Formpdly &b

sering sog
whital ars
‘é IR N

$iide whiah
EX @“*wa
a.i'émﬁ'%’?'ii‘ﬁﬁ Loy
By ¥

g 2 w%b% paealletl lives at
SELEL 3 ha veriebie spring

strobehed, oxpands uni-

Sa L00 inerements of the

a4 sptdon of the £ifth dncorewments
smhs which arve red. Oue end of

; he other end 18 attached fo 2

or soubraebs the sesle.  The fized

»o pnd the vemaining lnerements are
spvais of fwenkty wnits with the 10
LRaTOSENDE .

I’M t.vn’
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