
CASTELL6 " (SPAI ' j ill QUALV 98

QUANTITATIVE ANALYSIS OF PRINTING
VARIABLES AFFECTING SHADES

IN SCREEN-PRINTED TILES

Peris-Fa james G ."', Alca fiiz M.'··', O livares M.'···', Lengua I.'....,

"Lecturer a t the University College
Department of G ra p hi c Expression in Engineering

Escuela Universita ria d e C andia
Un ive rs idad Politecn ica d e Valencia

''' 'Assoc. Pro fesso r
De pa rtment o f Gra ph ic Expression in Engineering

Unive rsidad Politecnica de Valencia

'''''Fe llo wsh ip st udent at the Department o f Graphic Expression in Engineering
Escuela Unive rsi ta ria de Candia

Univers idad Politecnica d e Valenci a

'.... 'Fe llo wsh ip st uden t at the Department of G raph ic Expressio n in Engineering
Escuela Universitaria d e C and ia

Un iversid ad Po litecni ca d e Valencia

The present study under tak es to evaluate ho w and to which ex tent a se ries of
qu antita tively measurable p roduction parameters affect va ria tions in me an colour
(shades) of deco rated tiles. In ind ustrial p rod uct ion the screen-print ing system gives rise
to shades in tiles, w hich di rectlv affec t costs and vie ld [AMO 92].

~ .
Other authors have shown that raising ceramic production quality can p roduce

considerable sav ings [CO R 96J.

Sha des make sorting necessary at the end of the production line. They also entail
storage costs as a result of classifica tion, as we ll as cos ts relating to sorting facilities.
Taking into acco u nt the costs and complexity of the production process in volved, a series
of experiments was programmed , based on a balanced desig n, as recommended by so me
authors [CO Rb 96 1.

Cer tain st ud ies have sho wn the wa y in th is field, su ch as the work by Corrna and
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other invest igators [COR 96, PEN 96), and these have served as a sta rting point for this
study.

1. OBJECTIVES

The appea rance of shades was stud ied by considering screell tension, Off -COiltact, ink
viscosity and squeegee angle. A balanced ana lysis was defined with these va riables, using
at least th ree levels in studying each.

The intention was to obtain ba lanced designs with a series of po ints enabling us to:

A) Confirm the existence of a relati on between the variable and colour (by
preliminary va riance ana lysis), and subseque ntly, on having verified the
existence of a relation between the variables:

B) Study a possible regression model.

2. MATERIAL AND METHODS

2.1. EXPERIMENTS CARRIED OUT

2.1.1. EFFECT OF TENSION, OFF-CO NTACT AN D VISCOS ITY

Fou r tiles were prin ted fo r each com bina tion of pa ra met ers . The fir st two
were sys te matica lly di sca rd ed and the seco nd tw o re tained. Th e squeegee
ch osen fo r th e tria ls was sharpened befo rehand . Squeegee pressu re w as not
me asu red, al ways u sing th e min imum squeegee p ressu re requ ired to obtain th e
prin t. Pri n ting speed was held s teady. All the speci mens w e re prin te d at th e
same tem pera ture w ithout us in g a co m pensato r. Tes ts were ru n wi th a Nasse ti,
Model Serim ec k TOP 101, prin ting head . On obta in ing the se ries of ti les, they
were fire d together to av oid th e poss ibility of shades a ri s in g as a resu lt of th e
kiln .

Image design was perform ed by the Erro r Diffusion pattern [FLO 75] and a
pa tented methodology [PER 75].

The tests cond ucted were the result of crossing all the possibilities of the following
combinations:

• Screen tension . Three screen tension values. Tension was measured wit h a
ten someter hav ing a sensitivi ty of 0.1 N / cm. Tension was mea sured in the two
d irections parallel to the frame edge; in all cases the d ifferences were less than
0.5 N / cm between both d irections . Printi ng screens we re prep ared in every case
48 h prior to testing. The following three tensions we re stud ied : 16, 20 an d 25
N / cm.

• Off-contact. Off-contact was measu red at the four ends of the screen using a
graduated wed ge. Two series were measured, four at the same level in the fou r
corne rs and six as a result of combining a d ifferen t Off-COil tact between the sta rt
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and end of the squ eegee stroke, in acco rd ance with its d irection. The lower value
was always taken at the end of the pri nting run. The d ata were measured in mm .
These were as follows: a) At the sa me level: 4, 5, 7 an d 9 mm; b) With di fferences
between sta rt and end of the squeegee p rinting travel: 4-6, 4-8, 4-9, 6-8, 6-10 and
8-10 mm.

• Viscosity. Viscos ity was measured with a Ford Cup (DIN 53.211), cons ist ing of a
cup with a given capacity, wh ich ha s a funnel-shaped end with an ope ning at the
bot tom. Viscosit y va lues we re measured at 20 °C. The tim e requ ired to emp ty the
cup served to indicate ink viscosity. The va lues analysed in testi ng we re 1.5, 2.5
an d 3 minutes.

2.1.2 . EFFECT OF SQUEEGEE ANGLE

Objecti ve: The aim was to determine the optimum working squeegee an gle, and
es tablish whether this optimu m was affected by wear or not.

A balanced test was desig ned , involving the se ries resulting from a combination of
the followi ng pa rameters.

• Squeegee an gle . The angle was measured on both sides o f the squeegee with the
aid of a pro tractor. The protractor was put on the scree n, and the ang le read that
th e squeegee rim forme d with the screen on the printing surface. The ang les were
measu red in sixtiet hs of a degree and corresponded to the following va lues: 30,
40, 50, 60, 70 an d 80 degrees.

• Two sq ueegees made o f the sa me materia l were chosen, o f w h ich one had
been used during a day's p rod uct ion, while the o the r had been rec entl y
sha rpene d. The da ta were refe renced A (sha rp squeegee) and G (worn
sq ueegee).

2.1.3 . EFFECT OF VISCOSITY

Objective: Defining the variation in colour in ter ms of viscos ity.

Using the ana lysed pa ra me te rs of the two foregoing tests, an experime nt was
defined in wh ich viscosity was varied by keeping squeegee ang le (60 d eg. ), scree n
tension (2501 / ern). and off-contact (5 m rn) constant. A tota l of 6 specimens was
developed.

2.2. RESULTS

Of the 90 specime ns correspo nd ing to the possible combina tions of the above d ata
(Section 2.1.1.), a tot a l of 85 specime ns wa s obtained, 5 being lost by breaki ng.

In the seco nd specific ang le experime nt (Section 2.1.2.) the 12 targeted specime ns
we re obta ined in experime nt.

In the third series rela tive to ink viscos ity (Section 2.1.3.) the 6 targeted specimens
were obta ined in experiment.

Colou r data we re ob ta ine d wi th a Minol ta, Model CR300, colorimeter, using the
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CIELAB or CIE 1976 L* a" b* readings, wh ere L represents luminosity (varying from ze ro
(black) to 100 (whitel), a rep resents green (negative) and red (positive), and b represents
blu e (negative) and yellow (positive). As the ink was black, the value cons idered in all the
experime nts was the value of UII.

Th is value was read at 8 d ifferent points on each tile, two in each corner,
correspo nd ing to two levels of grey printed in the four corne rs of the tile.

3. RESULTS AN D DISCUSSION

3.1. GENERAL STUDY

Study by rariance allalysis of the maill factors affectillg shades ill tiles.

Variance analysis for MEDO - Sum of squares
Origin Sum of squares Df Sq. Mean F-Ratio P-Value
PRINCIPAL EFFECTS
A:FCA 58,6413 5 11, 7283 6,49 , 0
B:TI NT 46, 0469 2 23,023 4 12, 75 , 0
C:TP 15,4942 2 7,7471 4,29 , 172

RESIDUE 135,465 75 1,8062
TOTAL (CORRECTED)260 ,286 84
Aall the F-ratios are bases on the residual square mean error

Table 1. Var;mfct' flIwlysis. Effect on tilt' %m riatiolls ill m elll l ((1!Oll r of tbe tilt's owins to off-contact, i"k PiS((ls ity mId
screell tension. It can be (Jb~'rl'('d Oil Qlwlysillg Ihe~' three jactor'!> together. that tlu' ra riations found in tlu' ('.tperimt>llts 11:' a

result of t;' l'~' jac/ors i('('n' stati:o tically sigll ~fi(au t .

Variance ana lysis indicated the parameter s affecting spec ime n mean colour (th is
va riable was referenced MEDO). The parameters wh ose P value was lower tha n 0.05 were
consi dered sig nifica nt.

The data se t out in tabl e 1 allow infe rring that the variatio n in the value of L
represe nted by the MEDO variable was amongst other factors influenced by ink
viscosi ty, screen tension and "off-contact", These varia tion factors were sta tistica lly
significan t.

Cha ng ing sc reens can modify a t least three factors First the new sc ree n may
ha ve a different tension, secolldly o n positioning the sc reen o ff-co n tact may be
a lte red , and th irdly squeegee printing pressure may change. Cha ngi ng screens is
unl ikelv to affec t viscositv, O the r va r ia tio n fa ctors that were not s tud ied in th e
mod el involved those of th e scree n prepara tion process, such as th e va ria tio n in
em u ls io n thi ckness or ex posu re . The se va riab les w ere ke p t s teady in o u r
ex perime n ts .

111. There is no stand ard on com paring colou rs in d ifferent stud ies . The most wid espread method is perhaps till' s tud y of DE. 1\
ser ies \v,) 5 tested us ing t1E and L. hoc...-ever the differences in the outcom es were nil so that it wa s decid ed to sim plify and
only take the L value
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Plotting the variables defined in the above model allowed es tima ting the pos sible
linear correla tion between shades and prin ting pa rameters.

On plotti ng the d ata of the mean L va lue ve rsus "off-contac t" and tension by
identifyi ng different viscosity points, it can be observed that the scatter in sha des was less
a t high viscosity than at low viscosity.

This jus tif ied performi ng m ultiva ria te regression analys is to determine how sha des
chan ged wi th h igh viscosity.
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Integrating the value of " Off -COli tact" together w ith screen tension in a singl e
equa tion allows analysing the effect of both va riables in a single mod el.
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In the abo ve g ra p hs o f Fig u res 2 a nd 3 the di ffere nc es as a res u lt of
v iscos ity w ere of the sa me o rde r in a lm os t eve ry case, b u t bec a m e la rger a t
hi gh er te n s io ns . Their influence o n sh ades wa s mu ch less tha n th at o f "off­
CO/ltIl Ct". H o we ver, a t tensi ons e xceed ing 16N / cm, th e di ffe rences were o f th e
sa me o rder.
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Figure 3. Reprcwntntion of mellll L tulue ill terms of ti't' three illk l'i:,cosity m lzu's cu .died, plotted for Il sen't'" !t'I'S;Oll of
16Nlcm (top kfn, 20 Nk m (hlp riSht) and 25 Nlcm (bottom). It om bf' obsern'd how difft'Yt'IlCf'S IW 1St' /11flO IIS sl ti'l'

groupillgs for each ink; nnd tension. it'hich S/UlWa slight frclld.

O n co nsi der ing the above, it wa s d ecid ed to s tu dy the q u an ti ta t ive
re la t ions be tween mea n L va lue a n d the other parameters . A st udy was
undertaken of how each parame te r affec te d the val ue of L (M EDO variab le ),
subseq uentl y attem pti ng to es tab lis h a general reg ression eq uatio n w ith all the
para meters.

A study was mad e of shades in terms of "off-contact" by regression ana lysis. The
arising variation in colour (shades) was stud ied keeping cons tant screen tension and ink
viscosity, which yielded a regression straight line with an R squared of 96.4% (i.e. under
expe riment cond itions the mod el covers over 90% of the var iability). (Table 2 an d Figu re 4).

The equation 's coefficien t was -D.SS, indicating that the larger the "off-contact", the
lower the value of L, i.e., the closer it was to black. Ink release or the res ulting print
yielded a da rker image wit h larger off-contacts.

Increased off-contac t produced lower L va lues in the print, which meant a darker
image. Th is cou ld be d ue to tw o factors, eithe r that more ink was deposi ted or th at the
ink sp read . These data match othe r findings [CO U 96], w hich ind icate tha t at a larger off­
contact dot size grows and the image da rkens, hence producing a possible loss in colou r
range.
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The d at a match the theory put forward by othe r autho rs sugges ting a reduction in
"off-COiltact" to achieve a bette r q ua lity p rint [PEYb 89]. The "off-COil tact" fact o r depend s
o n sc ree n tension; a tens ion tha t is too low impedes using an "off-Clllltact" th a t is very
small, a hi gh tension en ta ils using lo wer co ntact forces in o rd er to red uce screen stresses.

Th e effec t of "off-colltac/,· o n spe cimen mean shade was app reciab le. Acco rd ing to
the d at a in table 2, ea ch mm increa se in "off-con tact" (FCA) produced -0,85% varia tio n in
colour rela tive to the tota l, which co rresponded to a va lue of 0.81 for L (ClE). In o ther
words, a di ffe rence o f 5.9 mm in off-co ntact entail s a change of 5 poin ts in th e va lue of L
w ith a probability of 96A% (p rov ided expe rimen t cond itio ns are held , with sc reen tension
of 20 N / ern, and viscosity of 2.5 minutes).

Corr ela t i o n Coefficient = - 0 . 98 1 592
R-squared = 96 .3522 percent
Standar d e r r o r = 0 . . 46 7142

MEDO =57.8479 • O.884068*FCA

Ti,bl(' 2. Linear n'grt'~~ioll mcdcl bt'til'('('" AfEDO dlld FCA. Tilt' linear reg rt':':'iml mvdclfit~ (pith R-~qf/llmi at 96 '.:;,. lind
t'xizi/lit." /1 ~ tll t i... t imlly ~(":'lifim/l t index, Tilt' stlldy Zl'fl:- (drrit'd out for t..ariaNt' "t~tr-«1I 1 tad<. tlll)ugi, ("FilII ill tltt' jtmr

(on/as, d ';Crt't'" tension of 2()'\i /c1l1 and 1111 i/lk "isco:' ily t~f 2.5 ", j, /II fe.;.

The MEDO va lue is a measu re o f tot a l colou r di ffe rences or shades. The va ria tions
prod uced by "off-contact" m ay reach 50% of tota l va riations.
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Figure 01. Plot t~r .\ I£ DO for experimental d lll i p rt'didt'll mlllt':'. using the model, Ctlrft·...l'llltdilJg t tl Ti.lblt, 1. llt'ta't't'" tire
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As alread y mentioned, changes in "off-CO II tact" d o not usually occur ind epend en tly;
they tend to be th e res ul t o f a series o f inte rrelations with o the r parameters. Varia tions in
"off-contact" are usually associ a ted w ith two other facto rs : squeegee hard ness and scree n
te nsion,

A very so ft squeegee req uires e ithe r applyi ng g rea te r squeegee pressure or reducin g
"cff-contact", Lower sc reen tens io n usually req uires lif ting th e screen and ra is ing "off­
COiltact" .
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With regard to the specific problem ad dressed in the expe riment for a given screen
ten sion and a given squeegee, a cha nge in off-COiltact produced cha nges in colour, which
fitted a linear regression stra ight line. The change in off-COIltact occurred simultaneous ly
on read justing squeegee pressure.

A rise in squeegee pressu re produces a larger contact area between the screen and
the tile, which exp lains darkening of the image as a resul t of ink spread. On the othe r
hand, this rise prod uces a lower squeegee contact ang le with the fabric. Testing was
conducted at a constant 60-deg. angle. As will be d iscu ssed below, at the ang les used in
the study the relation between ang le and shade was linear and positive, whi ch meant
that a smaller ang le modified the value of L in a fall ing d irect ion, i.e., towards darker
shade s.

squeeg ee

Frame
Screen -

Tile
L _

Print wIth small off-contact Print with large ott-contact

Figure 5. Schematic of sqllt'egec forn' ill ta ms of tiff-contocl.

An experiment conducted by Ma rk A Coug ray [COU 96] showed the differences in
tension produced by squeegee pressure to which a screen, having a sta tic or nom inal
tension of 22 N / ern, is subjected (Figure 6). The study revealed the di fferences between
two di fferent "off-coll tacts", read ing the specimens at d iffering distances from the screen
frame.
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Figure 6. Diffrreuct~ ill tension produced by :,q llt?l!gCt' pres~14re to uhich n screen,
haIting a static or nominal tension of 22 N/cm, is subjfcted.ICO lJ 961

It can be observed that "o ff-contact" is in any case a factor tha t affects shades . How
this factor affects shades was stud ied in three steps; first together with screen tension,
second ly with ink viscosity, and fina lly by including the param eters in a more gene ra l
regression mod el.
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IR-squared = 96 , 17 9 8 percen t

R-squared ( fi t t e d by f. d. ) = 95,3308 Components ... resid ue
fur \ IE(X) varia ble

percent -&1· .. ,
Statistica l STD error = . 393909

, +--,
Mean abso l ute error = .252649 g ''''''Durbin-Watson s tatistic = 1 .57285 ~ i-- --r~

§ I c--
0 .,

~MEDO = 60,7633 - 0 ,77363 *FCA - - I
J

1, 36 339 *TI NT "' ."
I I I ~- ., , < n 7 , •

FC:\.

Figure 7. Rt'grt'o;:. ~ ioll model bt'til't't '/ l rariatian of ink l'j~c(l~ i ty and off-nmtne! .
Anal.'!:,;::; was t1t',!om /t'd at a constant o;:.CTt'('1l ten-ion of 20 Nlcm.

A model wa s th us ob ta ined (Figu re 7) w h ich expla ins 95 % of th e varia tions in L
as a result of va riations in "off -COlitact" and ink viscosi ty. Th e mod el is va lid for a
tens ion of 20 N / ern, and has a significa nce of 80% at a scree n tension of 25 N / ern, w ith
a sligh t va ria tion in the regression equation . (M EDO = 60,1371 - 0,712 l33*FCA ­
1,95527*INK ).

R-squared = 7 1 . 4 57 9 perc e nt
R-squared ( f i t t e d by f.d. ) = 68.7396 percent
Sta ti s tical STD e r ror = . 98 90 02
Mean a bsolut e erro r = . 722 162
Durb i n - Watson stat is t ic = 1 .5 9241

MEDO = 60 ,5937 - 0 ,559145 *FCA - 0.270225 *TP
( FCA=FCB) &(TI NT>=2 .5)

lirbl e 3. 1111.' n 'g n '55itll l :,Jlldy beticf't'll ti't' mean colour mille of the ~W('cimt'n (A1ED O) wit" ofh"(mtact dud scn'en t(' 115;(11/

('xplahI5 68f,~ , of tilt' ari;:';IlS :::. llade5. Tile 5tWty 1m" rim toitlt riscfl5i ty m il/(,:, equal to or larga thnn 2.5 mill ute:::. .

Multiple cor re lation an alysis between th e va ria tions of L, produced by va ria tion in
"off -contact" and squeegee tension , exp lain 68% of the vari a tions in L (Table 3). The model
is va lid for viscosity va lues exceedi ng 2.5 minutes . On integrating 1.5-min viscosity in the
model, the model' s significance d rops to 40 %, even though the linear reg ression equa tion
is quite similar.

R-squ a r e d = 65 .803 2 perce n t
R-squared ( f i t t e d by f .d. ) = 61 .3907 percent
St at i s tical STD erro r = 1 .18 5 12
Mean absolute error = . 884 081
Durb i n -Watson stat i stic = 1 .33 93 1

MEDO = 5 4 .5 969 - 0.5523 49 *FCA + 0.196747 *TP + 2.01567 *TINT ­
0. 161491 *TINT*TP

Tdhlf' 4. Till.' derir.'1'11rcgrc....sion model is a Iiuvar /IIodt'! . ft call be said that 61f);, of tile m riations arc i l1d l/dl'd ill the model,
und if sllOll's holt, cadi factor j~fft' c t t'd tltc 1111'1111 L mtnc. A rise i ll 7. ,j;.:.(o:.:. ;ly (m ellslI red in mil w tes) t'll /ai i s l ishtt'll ing (~f the

printed sJlIldc; II rise ill tension lig/ltt'ns tJ't' c% llr of the tilt' llllii lill increase ill "off-COIltact" darkt'lls it.
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Tab le 4 qua ntifies the var iations produced by cha nges in tens ion or ink viscosity.
The model was calcu lated for a mean "off-contact" of 7 mm . The table shows that "off­
contact" and screen tens ion both give rise to shades in the tile in the same di rec tion. A
rise in "off- contact" lowers mean colour and a rise in screen tension also lowers mean
colour.

Components + residue
for MEDO variable
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figure 8. Plot of Ou' devia tion behl't't'lI tht' multiple regressiint equatio n indicated il l 'Til iJIt' 7..1.
witlt predicted data (straiXM tille) and experimental data (poillts),

The ra nge of va ria tion in off-COil lo ci ca n flu ctuate in cera mic screen pri n tin g
applica tio ns from abou t 4 to 10 m m, wh ile scree n tensions range fro m 8 to 20
N /Cm.

If the two variables are crossed, a series of comb ina tions are obtained, which allow
studying variations in colour. On setting a series of possible com bina tions, the data
detai led in the following table were obtained:

Off-contart Saeen tension
(mm) (N/em) Modification or the L value

4 20 -5.439216

5 18 -5.668583

6 16 I -5.89795

7 14 -6.1273 17

8 12 -6.3566 84

9 10 -6.586051

10 8 -6.8 154 18

It can be obse rved that combining bot h values accord ing to this table produced a
negat ive colour d ifference of 1.4 in L.

It should be noted that the theoretical objective is to obtain di fferences that tend to
raise the va lue of L, since that means less ink deposit or less ink spread and thus a
red uction in do t ga in.
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If the dat a a re c ros se d , the se n s it iv ity o r increa se in L an sll1 g for th is
rea so n ca n be analys ed . Assu m in g a prin t is bei n g mad e with a 16 N /c m
s c ree n, a t an "off-con ta ct" o f 6 m rn, if th e s cree n b reaks and is rep la ced b y o ne
o f 12 N / c m, havin g a n o ff- conta c t o f 8 m rn, a change in L of 0.45 p oint s is
p redi c ted . If the "off -con tact" is n o t a d jus ted b u t kep t a t 6, th e ch a nge in L
be come s 0.65 .

3.2. STUD Y O F VISCOS ITY

Correlatio n coefic i ent = - . 98 661
R-squared = 97 .3399 percent
Stat i s t i cal STD e r r o r = . 5 3185

MEDO = 60 ,7 - 2.97857 *TINT
( FCA=FCB)& ( FCA=4)& ( TP=1 6)

li,b/t' 3. Tilt' rt'gn':':'iOll :,t/ldy bt't;:pt't'1I the L flll / li t' at a point (1/1 tht' tilt' and l.'i :,w sity fib m ria t ioll to i5~(,

;11 a l inear ll'ay. Each nnit of l'ismsity affccts the m ilIt' of L ill fhe t'Jld colour ill 2.98 poi" b . Til l' Mw(u ,ms rll1l
Iilr 11 sen'CII tt'llsiOI1 of 16l'-J'lcm and lit! t~(f-({m tact of.J. 111/11 .

MEDO = 60.7 - 2.97857*TINT
k-sq uared = 97.3399 percent
(FC A=4)&(TI'= 16)

MEDO = 56.2225 - 1.08714*TINT
R-squared = 99.9315 percent
(TI'=20)&(FCA=5)

The re is a g rea t variab ility between regression models p roduced by changes III

sc reen tension. Low scree n tension heightens th e sha des p rod uced by va ria tions in
viscosity.

T ha t is to s ay, there a p pea rs to be a co r re la t io n b e tw ee n in k v is cos ity a n d
sc ree n ten s ion . Th is co r re la tio n was in cl u d ed in the fin a l lin ea r reg ress io n
m od el

The regression m odel between pe rcen t colo u r variations in th e specimens is a lin ear
model ; a rise in viscosity negatively affects this pe rcentage, i.e., the va lu e of L d rops and
its p ro ximity to b lack inc reases .

ICorrela t ion c oeffic i ent = -. 94 899 6

R s q uared 90 .0593 percent " ", ~J, -, ,Statist i cal STD error = . 9 1044 2
~

.......~MEDO = 60.1238 - 2 . 620 2 9 *TINT <>% "
5~

, ......" ~l -;:;; < , ..... "'-: f,., . ... .
55

"
" - J .:"~"--

-' , ,. , :_, ,
' I~ I

Figure 9 . A/lIllys;s (~f linear correlation b l'fil't' t ' /I ilisctlsit.ll and variation i ll l'rilllcd CO/tl llr.

Rll isillg I'is((lsity prodl/ced II darker image.

A rise in viscosity in vo lves a d rop in L, i.e. the printed co lour IS d arker. Th is
occu rred in the pa rt o f th e study co nd uc ted for a specific screen.
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The tests carried out with a series at rising viscosity, with a stead y screen tension of
20N I cm and off-contact of 5 mrn, revealed a clear linear correlation between printed
colou r and ink viscos ity (Figure 9).

3.3. STUDY OF THE ANGLE

Correlation coefficient = . 9365 16
R-squared = 87 .7063 percent
Standard Error o f Est . = 1 . 32 91 9

MEDO = 40. 9308 + 0.169736 *ANGLE

Table 6. A regression model between mea1l colour i.'alllt' i1J terms of the angle was deritwdfor sharp sqUt·egees. A greater
angie meant an increase of 0.16 perdegree in the value of L, i.e., the colour lightened as the attacking angle grew.

55 ,,/

~" -:r:

53 .' "
",," / Y,,,- ,.....----

0 51 / V r-: /0

----
,

~ ,,'"
:;; 49

~/V r
,,'"

~ ,"
47 -: V ",r

'"/ "45
30 40 50 60 70 80

ANGLE
figu re 10. Plot of the experiments im'Olt·z,rg tlte appearance of shadesas afunction of mlglt·. Fit by regreseion straight lint'.

The linear mod el proposed exhibited a high probability value, however, a cu rve
fitting a second-order equation could possibly be obtained in the points. Th is stu dy is set
ou t in the following table (Table 7).

R- s qu a red = 97 . 92 65 percent
R-squared (it ted by f. d .) = 96. 544 1 percent
Statistica l STD error = . 630334
Me an absolute error = . 35983 3
Durbin-Watson Statistic = 2.97173

MEDO = 30 ,0878 + .606102 *ANGLE-.00396696 *ANGLE ~2

Table 7. Potvnov uat regression m.alysis belwt't'1l .\1£00 and angle, Figs. 10 and 11 alreadysholl' hOiLl it is
possible to fit tilt' relation behL't'ell mem, colour and angle to a Clm:'e. This fi t is obset1't'd to bt' much

mon' accurate. t'1't.'U describing 96% of the variation in colour.•\-JEDO is the at't'rage oalue of fO llr pointe
corresponding to the dark pattern ill the four com a s of fl,e tile.

The squeegee used for the experimen t was a sha rp sq ueegee with a 90-deg.
edge . A smaller angle raises con tact su rface , forces more in k th rough o r raises the
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co ntac t are a between the fabri c and th e su rface to be p rinted so that th e d ot sp reads
m ore.

As Tabl e 7 sho ws, there was a n ex ponential relationship between mean colour o f
the tiles and squeegee angle, provid ed the sq ueegee was sharp . This rela tionsh ip did not
ex ist w he n the sq ue egee was worn . Th is could be becau se a worn sq ueegee p rofile might
be mo re or less roun ded so th at the attac king angle remained cons tant as Figure 12
reveals.

55

//
.... --- I

53 ~

~V/I~ I
0 51

.......
0

/ V/ V; .-"
l.:.J
~

49

0 ~V
47

~/~
V'-'-

45
30 40 50 60 70 80

ANGLE

f igure 11. Tilt' data i ll Table 7 yit'1d tilt' rt's n'j~io" Cll ri.' t' betH'('C1/ /fI t',m colour m /llt' 1I11d ~'1I I (·(·.'.: t ·(· llllglt- .

Sharp squeegee
profile

Averaue worne-
squeegee

figure 12. Tilt' ilI l,'{k of a round ~qll ('t'gt't' remains consta n t compared to tlie attacking alls le of a sharp sqfl t't','i:t't'.
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Us ing the fo ll owin g e q u a tion, ca lc u la t ing i ts deri vative a n d se tt ing it a t
ze ro, th e cu rve 's m axim um p o int ca n b e fo und . Thi s is preci se ly th e
o p ti m u m poi nt s in ce it is where the va ri a tions in a n g le least affec te d
spec im e n co lo u r.

MEDO = 30.0878 + .606102*ANGLE-.00396696*ANG LE"2

0 = 0.606102-2*0.00396696*ANGLE

Angle = 76,4 0

A chan ge in the ang le a rou n d th is val ue (be twee n 71.4 a n d 81. 4)
produ ces a cha nge in L of 0.00049 488, com pa red for ins tance to a cha nge
be t w ee n 50 a n d 60 d e g rees in the a ng le, w hich produ ces a c ha nge in L of ­
1.697364 .

Up to thi s po in t the stu d y has d ealt w it h d ifferences in co lou r be twee n
sc reen-pr in te d til es . The stu dy was then co m p le te d by an a na lysis o f the
in te rnal va riab il i ty of shades, i .e ., th e a p pea rance of shades o r co lou r
differences in one same tile . A s tudy conducte d in this sense is su m ma rised
be lo w.

Joint analysis of the effects of each variable. Relative importance.

FLL'CTUATION OF THE FLUCTUAnos OF
FACTOR PER L'NlT VAllIABLE AND COLOUR 1HE VARIABLE A~D orrlMUM
DwnR£NCE OF L DIFFERENCES IN mE COLOUR MARGIN

GENERAL EQUATION DIFFERENCES IN
THE SPl:CIFlC

EQUATION
FCA 0.27 (3-10 mm) 0.6 Minimum

0.9·2 .7 4
FCB 0.21 (3 -10 ) 0.2 Minimum

0.6- 2.1 4
FCB-FCA 0.23 iI-5 mm.) 1.2 Maxim um S

0.2- 1.2
VISCOSITY 0.57 per minute ( 1.5 and 3.5 min.) 3.1 Minimum 1.5

0.&5-2

SCREEN TE:"S IO~ 0.0756557 per N/cm. ( 10-25 N'cm) 1.2 21.2 ;\'/cm.
0.7-1.9

A:"GL E 0.05308 14 perdegree (40-80 degrees) 2 59.60

2-4

Differences in colou r or shades in one same tile were eviden tly minor, Th e
s tu dy h igh ligh ts the need to re d uce off -co ntact, to use hi gh sc reen tens ions and as
some au thors ha ve suggested [CO U 89, PEY 92), th e need to limit fluctua tio ns
ow ing to in k flowabili ty, w hose recommended va lues lie between one and two
m inutes.

4. CONCL USIONS

The following equa tions were obtained, with their degree of significance. The
eq ua tions are a ll vali d. It is to be noted tha t in those in which a sing le parameter ap pears,
the others hav e been kept steady.
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The effect on the reference co lou r fille d linear mod els in the va ria tion ra nge o f the
parameters used in the experim ent.

This d oes not mean tha t the models a re linea r, and tha t it is the refore im possib le to
ob ta in o ptim u m dots, bu t that amongst the most co m mon values used in d ustria lly, the
va ria tions that affec t shades are linear.

The extent o f the va ria tio ns for eac h factor can be deduced fro m the tab le, a nd 111

eac h case the in fluen ce of each factor was sign ifican t.

The re was ho wever a pe rcentage p rodu ction va riat io n th at was no t descr ibed in
th e mod el , wh ich co u ld not be as sessed by th e d a ta or ex pe r ime nts pe r formed, but
th e equations presented manage to ex p la in u p to 99 % of the va riab il ity, w h ich
indi cates tha t an important so u rce o f shad es produ ced in sc ree n p rinting has been
iden tif ied .

GENERA L TEST
Variab le )IEDO Eq ua tion - Slen iflcance fR l

) Limitation
TP -:!O~ :'cm

FCA 57.8479 ·0.XX4nflX"'FCA 96.3522 INK= 2.5 rmn.

IT A flO.7ll] 3 · O. 77363"'FCA - 1.Jh.B9*IKK 95.3308 TP=20 Nzcm.
INK

FCA flll . 13 71 - 0 . 7 1 2 13 3·FCA -1.95527· I~K SO TP==25 X'cm
ISK

FCA OO.59)? - 0.559 I-tS*FC,\ - O.270115 *T P 68 .7396 Ir\K>=2.5
TP

FCA=.!
INK 60 .7 - 2.97857*1:\ 1\. 97.3399 TP~ II>

T P-2U
IJ'K 56.1225 - LOX71 ...· Ir\ K 99 .9315 FC-\ "'5

Fe A
TP 5....59h 9 - O.55 2349*FC,\ + O.1967-t7*TP ~ 61.3907
INK 2.01567·1I'\'1\. -
INK"TP O. 16 149 t* I :--J K *T P

SPEC IFIC INK AND ANGLE TESTS

IN K bO.I238 - 2.h2029*I I\K 40,OSQJ

A~GLE 40.9308 + O. 1697}o"'A, ( jLE R7.701>3

A:\GLE JO.0878 + .606 102* A:\GLE - 96.5441
.OO39669h*.-\ '\GI.E" 2

The abo ve equ a tions and following points re presen t th e concl usio ns o f th e
s tudy:

• "Off-conta ct " is the m ost im por ta nt para meter in sh a d es o r co lo u r
var ia tion ar ising in sc ree n-pri n ted tiles . A r ise in th is va lu e means a drop
in L.

• Rai sing "off-contact" is usuall y motivated by lower scree n ten sion. Th ese va lues
ba lance o ut va ria tions in co lo ur.
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• Higher viscosity produces a drop in L.

• There is a squeegee angle around which shades are minimised. The valu e was
76.4 degrees.

• There is a relation between screen tension and ink viscosity, whi ch affects sh ades
in screen prints.
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