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Abstqacp

he object of this thesls 1s to investigate = new
ldea in predicting print=bility for rotogrzvure orinting.
Present proof presses in the gravure industry ere clumsy,
expensive, and in most cases, lmpracticzl for regular use.

In order t5 understand the relationshlp between 1ink,
vaper, snd plate, 1t is necessary to consider many variables
such as smoothness, ink receptivity, poroslty, molsture
content, formation, surfasce strength, and opacity.

The 1 boratory work performed and presented in this
paper shows that a Vandercook proof press may be used to

predict printebility in the gravure process.



Introduction

As tne title implies, this thesls 13 nun investiga-
tion into the use of the Vandercook proof press for predict-
ing rotowravure print quxilty. More specifically, thils
paper evaluztes tne appropriateness of a new method to
solve = pressing need.

The rotogravure industry is a rapidly growing indus-
try with unlimited promise. The gravure process has until
recently bcen limited to large volume, less articulate
types of printing Jobs--mostly within the pesckaging fileld.
liowever, @2s the process grows, so does the technoloxy and
tne need fuor more sophlisticated application. rrinting qual-
ity, while hardly a problem in past rotogravure prirting
work, is of paramount importance today. The gravure indus-
try 1s movirz into other fields and will not be aole to
delegate print quzlity to a back seat b=nind register and
color. For an exemple of bad printins quallit;y ana good
within tre same Job, see Flgure 2.

There i1s, therefore, 2 definite Justificactlion for
immediate work in developing 2 rellable proofpress for
the rotogravure industry. To this author's knowleuge, there
1s no such press in use today.

In oruer to discuss proof presses and print duality,
it is necessary to hzve an understanding of whzat properties
or qu=zlities a:re belng dealt wlth., 1In the literat.re

_survey, several ol the most ilmportsnt pzver properties



which effect gravure print quality as will as letterpress
print quality are discussed. Also, printzbil:ty and print
quelity are defined.

The Vandercook proof press 1s a letterpress. There
1s no evidence in the present literature that the success
or fallure in halftone reproduction on a-letterpress press
has any rela.lon to the same type Jjob run on a gravure press.
It can not be assumed th=t the quality of print obtained on
& letterpress wlll corelate with tnat obtained on a roto-
gravure press for the same stock. It 1s the purpose of
the experimental work of this paper to investligate this
problemr and show whether there 1s any reliable correlatlon.
If tnere is, then this thesis 1s meaninzful and the

appropriateness of at lexust further work is thus deflned.



Printatlility and Print Quality

The desire for specific information concerning those
qualities of pzper whicn contrioute to satisfactory results
in printing has become of great lnterest to papermakers and
paper consumers. To the paper mill, this information 1is
important in preventing the production of unszatisfsctory
printing veper. To the printer, such information enables
him to determine uinsatisfactory psper before it reaches the
presses, and also permits him to tell the papermaker in ad=-
vance the characterlstics that are desired in paper.

"Printability” and "printing quality"--just what do
these terns mean? According to Edge(l) and zoestler(2),
printabllity is synonymous with the following factorss
low ink consumption, rapid drying of prints, and uniform
appearance of the printed matter. As is aptly stated by
Engelnart(3): "Printability is like that bug-a2-boo in
calculus-a variable that is a functlion of, and dependent on,
other variables such as ink, stock, printing process, press,
plate, Jjob, atmosvheric conditions, and sometimes the con-
dition of the pressiran himself." Printing quallty on the
other hand, is concerned with the appearance of halftones,
solids, and type matter.

Papermakers are int:=rested in the quality of thelir
products and they normally perform tests in an effort to
forecast "printabllity." The tests performed usually

can be classified into two categories:



1. Those in which prints are actually made and are
examined for quality.

2. 'Those in which measurements a2re made on thne
physical properties which seem to be important. Eiforts are
made to cd}elate these measurements with the commerclally
printed results.

Most papermekers maxe use of one or botn of these
approacnes. However, interpretztion of the printed results
is very difficult. The most desirable method of determining
the printasility of paper or really the suitaoility of paper
for a Job is, of course, to make a trial of the actual
commercial job on the commercial machine, and, if the results
are satisfactory, future orders are made as similar as pos-
sible to the s=tisfactory paper. This method, however,
1s not entirely satisfactory. Besides veing time consuming
and otherwlise costly, it often fails to give the basic
reasons why the paper 1s or is not satisfactory from the
vprint quality standpoint. It is, therefore, difficult if
not impossible to lmprove print quality of an unsatisfactory

sheet except by qualified guess work.



Faper rroperties .inicn Affect Printing ,u llity

pefective xravure printing is caused oy tunree basic
classes of problems(4):

le Printing substrace surface. cnaract=r:stics

2, 1lnk drying and flow characteristics

J. Mechenlcal press defects, such as worn or

damsged cylinders, worn press components, or
.ncorrectly engraved cylinders.

Only tne first c.tagory will be considered in the
following discussion. The various characteristics thut
printers expect in paper will be discussed in detail(&,6,16,
17,18): smoothness, .ink receptivity, porosity »r air per-
meability, moisture content, formation, color, surface
bonding strengtn, and on=city. Any weaxness in these char-
acteristics necesssrily limit guality in the finished pro-
ducts, no natter now careful the printer :s or how much skill

he may apply to his job.

Smoothness

Printing is tne oprocess of transferring ink from
forums to the surfzce of paper. The closer the contasct of
the ink:d form witn the paper surface, the more perfect 1is
tne transfer. Therefore, the covering power or specific
coverage of an ing on z glven noper 1s influenced not only
by 1ts absorbabllity ut also by the smoothness of the paper
surface. A rough printing surface will require more ink

than a smooth one tn attain & definite degrees of coloring



or ink intensity. JSmoothn 38 may e reg-rded as «n index of
tne facliity of & puaper to make close contact witu a print-
ing surfaces una=r the influ-nce of pressure. 3moothness is,
therefore, one of the mest imp.rtant printinsg procerties of
vaper. The smoctiier the sheet, the cetter the contuct between
the pzper znd the printing plete. In order toc obtailn good
smdotnness, the pulp must be hsndled in besting and joraan-
ing and on the paper machine in such a manner as to yleld

a well closed sheet. Hdeavy calendering produces a surface
nardness and may blacken or crush the sheet. 3mootn papers
obtained in this manner show une .en 1ink reéeptivity. Smooth-
ness .n recent years 1s being obtained wilt:. less calendering
due to the introductlion of fillers with finer particle slze.,
These finer particles, it is claimed, increase tne rate of
the ink receptivity and aske feor uniform sbsorption over tne
entire sh:et. Because of thelr small particls sizz2, they re-
spond read*ly to tne calendering pressure in tnhe manufac-
ture of .ne .aper and close the lntersticz=s between the paper
fivere., In conclusisn, filne n»ninpoint smoothness 1s far and
away the most imporitent characteristic. In the case of coat-
ed paper for web gravure, smoothness is almost the only

measure of juallty.

Ing geceptivity

Ltng reoeepiivity 1s defined as that property of a
shzet of paper wrich causes it to absorb ink.

The su-1ity Ui v.e 1lnk used 1s ot great lmportance,

H
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but the compalsition of ta: surfuce of tne n=yu- r 21350 exerts

an lmport- n* influence. In geneval, tie siwootii:r and less

c*

porous tha puozr, the less ‘nk witl be re: .ir:d. The nature
cnd distribution of tne papar filler =lso exert inflaences
anon the printinggs quality of the 1nk, depending orn tne esase
with whicn it 1s wet bty the venicle in the ink. TITne influ-
ence cf filllers as 2n absorptive constituent of puaper 1is
also evidenc-d by the fact that the wire sid= of most £inds
of printinsy oapers apparently reoulres less ink than the felt
side, =zl:ihnough ;he felt side 1s normally smootaer and less
porous, In coated rapers. the amount of cﬁatlng, adhesive
and plzment, as well as tne ratio of adhesive to pigment in-
fluence the nk receptivity.

The penctration of print.ng inks into absorbent
paper sucri as news and ©o24 ls dependent vriimarily upo..
the venicle used in the manufacture of tne ink. Some of the
1nk vehicle penetrates tne paper but the plgments themselves
tend to rexsrin uvn the surfeace, except for a small portlon
whicn may be forced into the open paper structure by the
print iny pressure. A maasurement of suc:: penetrztion is
inforuative in that it furnishss an indicatior of the ink
receptivity o:! the psper. The perform-nce of a paper in'any
particuircr Jjob of printing may oe predicted reasonably oy
01l penetratior and surface absorption tesis bafore the
paper re:ches the press. For example, strik=2-tnrough may be
predictad if the =zbsorption of the oil by the paper 1ls very
rapid. On the oStier hand, a very slow rate of o.l absorption

measurements will tend to cause offset.



Porositry or ..ir rermeability

rPorosity nas oeen defined as tne prouwerty a sheet
has of ¢ ntsinlnz conn:cted =ir volds. It is dependent upon
the number of tnhne voids and their districutinon in size, shape,
and orlentation. It 1s the property of a sheet wnicn allows
tne passage of alr when a pressure ditference exists azacross
the boundaries of the specimen.

The more resdily alr passes through tne sheet, the
greater the porosity. I'his test 1s sometimes referred to as
density, which 1s really the converse of puorosity.

Porosity 1s =2 factor in the quality o: printing papers.
For -:xample, in the offset process, porosity controls to
some extent the spreading of the ink uncer the pressure of
the rubter blanset. 1In 1llustration printing by the offset
process, the porosity, espec:ally that of tne upper surface
ol tne paper, is of perticular importance. More ink willl
sdnnere to the rubber blanket than to the smooth metal plate
of the letteroress printing form; and thus, after an impres-
8ion is taken, a quantity of ink willl still cling to the
rubber blanket.

The amount thus adhering will depend upzn the poros-
ity of the upper surfece of the paper. 1In order to attalin a
desired dezree of blackness, tlhiere must be a reserve supply
of ing on t . e blanket, the amount depending on the porosity
of the paper. T[he larser this excess of ink is, and tne less
porous the paper, tne more tendency there is for the ink to

spread or smear.



Molisture Contert

Moisture content 1s tn: percentage of w ter in paper
or paperooard. Paper, beirng composed of minute ve.setable
fibers, contzains =n essenti=2l proportion of water. An
absolutely dry paper, deprived of its nutural moisture
content, 1s orittle and breaks readlly. Oven dry paper 1is,
therefore, unsatisfactory for use. FPaper 1s hysgroscoplc;
that 1s, it 1s suscewntible tc humlaity chanzes. It absorbs
or glves up mo.sture with every change in the amount of
water vapor in the alr. Determination of molsture content
should, therefore, be carefully made to obtaln accurate
results.

The measurement and control of the moisture content
of paper particularly that intended for multicslor work,
1s essential in the production of quality printing. DMolst-
ure should be determined for the control of register, statlc,
cocKkling, cr==sing, and curling.

Paper snould be ordered from tne mill wita a slightly

higlier molsture content than that of the pressroom air.

Formation
A closed and uniform formation 1s an important factor
for good printing paper. The effect of poor formatlon 1s
one of uneven thickness corresponding to fiber clumps and
open spots 1n the sheet. The impression pressure will be
uneven and tne printed areas wlll appear mottled and spotty.
Poor formation also decreqses ovacity which results

in show-cnrough.
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Color

Coler in the paper and printing industries 1s consid-
ered chiefly from physical rather than psychologlical aspects.
The basis of color is l:gnt consisting of waves which spread
out from the source in all directions. The color of the
sheet, therefore, depends upon its spectrél reflectance as
compared with a standard when i1lluminated with a specific
illuminant and viewed under definite conditions. Paper 1is
sald to be white when 1t reflects light non-selectively
and absorbs no color. Commercial white papers vary in shade
such as blue-white, cream-white, natural-white, etc. They
do not reflect all components of white light in the same
-ratio.

In puper specifications color 1s generally referred
to simply as "color" such as white, green, blue,pink, buff,
and must match a selected standard.

Variation in color of book paper, writing, bond and
ledger psapers 1s not only encountered among shipments from
different contractors, but sometimes occurs within the same
shipment. The difficulties which arlse from variation in
color of paper, cannot be corrected or allowance made for
such variztion in the pressroom. On a longrun job, it 1is
sometimes necessary to supply the pressroom with paper taken
from different shipments. I1f the color of successive lots
of paper differs somewhat during the press run aﬁd the ink
remains the same, there will be a varliation in the tone value

of the printed pzge, since ink formula and its tonal gquality

11



have previously been adjusted to the color of-tne paper first
used. This objection becomss a very strong one wnen the
paper deliveries cannot be segregated to individuzl Jjobs,

but must be used in large edition runs.

Surface Bonding 3trength

The surfzce bonding strength of péper 1s the resistance
of paper to removal of coating or filbers or to cleavage
perallel to the sheet direction.

Paper 1s sald to pick when coating, fibers, or small
portions of the paper 1ltself, separate from the body of the
sheet while it is being printed. Coated paper plcks due to
the fact that the adhesion of the ink to the coating 1is
greater than the adhesive power of the coating for the
paper, or because there 1s insufficient bond:ing strength in
ﬁhe base stock to prevent its splitting. Picxing of tne
coating 1s not always due to a weakness of the coating mater-
1al, but may be caused by the use of an excesslively tacky
ink. If such 1s the case, the tackiness of the ink must be
reduced, since the physical interaction between the ink and
the paper coating depends upon thelr relative cohesive
powers.

The surface bonding strength test nas become a mattér
of importance since the development of multicolor printing
and the speedinz up of equipment.

Picking le-ves smell white spots on the printed 1mage
and 1s -specisily noticeable in solld areas. The particles

lifted from the sheet may lodge on the printing plate or be

12



carried bsck through the inking system of the oress. If
there 1s mnuch pickling, 1t necessitates frequent washups of
tne plates znd even the rollers and the ink fountains.
Picking zlso clogss the type end halftones, proaucing mussy
printing.

The best known test for plicking 1s-the wax test which
employs the use of sealing waxes that can be stuck to the
paper. These waxes have graded adhesive powers, so that when
the wax 1s cooled and pulled from the sheet there 1is an in-
crease in the amount of pull administered to the surface
fiiers or coztings and the number of wax in the series wnich
breaks the surface of the paper 1s tne numerical ranking

of pick.

Opacity

Printing demands paper having a high degree of opacity,
especlially when halftones or solids ar: printed on one side
of the sh:et with type or light printing on the other side.
Deficlency in opacity 1s responsible for show-through of the
printing which interferes with legiblility and alsoO causes
bad general appearance of the work. LacKk of opacity
caus ing show-through should not be confused with strike-
through caused by too deep penetration of the oil vehicle of
the ink into the p:per fibers, causing the printing to become
visible from the opposite side of th~ sheet.

There are mrny factors which affect the opaclity of

paper: tne type of pulp, the degree of beating, sizing,

13



such @s starcih =nd glue, minersl fillers, lo:iing materials,
snd manufacturing overations such as calendering have a

bearin. upon the opacity of the shcset. 23eczuse of the short
fibers of sods pulp and its high scattering power and abil-

ity to resist hydration, this pulp 1s us=d for opacifying
printing papers, such as machine finish and supercalendered
byok papers. The additlion of mineral fillers such as clay,
chalk, and titanium dioxide increases the opacity of the sheet.
Titanium dioxide 1s particularly effective ln increasing
opacity. The utility of printing, writing, -nd bond papers

1s, therefore, enhanced by high opaclity.

A tnorough listing of important p:zper characteristiles

that affect orintability 1s presented in the appendix(6).

14



Determinaztion of Print quality

Overall or.nt ouality 1s &a composite o:f several
individual print ovroperties. Tne observer combines judge-
ments of these individusl print qualitlies, using different
"welgnt" factors for the varlous properties, to obtaln the over-
all quality of any print. 1In black and white reoroductions
it 1s necessary to distinguish between the following individ-
ual print propertlies (19);

I. Print properties of a solid

l. Uniformity: uniformity 1s the eveness of the
color or density of the ink film over the
total area of the solid. A perfectly uniform
s0lid should show no mottle or speckle, no
creepiness and no picking.

2. Contrast: contrast 1ls the difference in
brightness or density between the printed

and unprinted sheet.

3. Finish: finish 1s the glossiness of the ink
film.

II. Print properties of a halftone.

l. 7Tone reproduction: tone reproduction 1s the
faithfulness of the reproduction of the orig-
in:1 tone values of the printing plate on
the print.

2. Uniformity: uniformity in = halftone, as 1in
% 8011d 1s the eveness of the density of the
printed areas. 1In addition, however, a

perfectly uniform halftone print should show
no wlssing dots in the highlights.

It 1s clear that such different print quelitles as
uniformity, contrast, finisn, and tone reproduction cannot
be evalusted objectively or measured quantitatively by one

uethod alone. Various methods to measure glo>ss(8) and

contrast nave been kn.own for a long time. There also have
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been 2 number of publications dealing with tone rensroduction
measurements of nalftone prints(9,10,11,12,13). However,
these papers were elther not concerned with or did not
achleve a2 numerical evaluation of the quality of tone
reoroduction in terms of tone reproduction measurements.
Finally, the evaluation of uniformity of solids or halftones
has been given little attention(1l4).

The first method of print evaluation 1s one devised
by Bienhm(1l5). It 1is strictly numerical. Halftone screen
patterns ranging from 85 to 133 line screens are used while
the printing area ranges from 10 percent to 90 percent
within each screen slze. figure #1 1s an example of the
plate used.

The first step in analyzing the print consists 1n
determining the ink coverage. The following equation ylelds
a numerical value for ink coverage (IC):

IC = B10 = B9O

BP X 100
where Bl0 = the brightness of the 10 percent tone
B90 = the brightness of the 90 percent tone
BP = the brigrtness of the paper

The next step proposed by Diehm is to evaluate print
fidelity. Tnis value 1s divided into three separate measure-
ments: tne number of halftone dots not present, the number
of dots which show varlation in s8lze, and the number of dots
with distortions or irregularities are counted. The presence

and the size and shape of the dots are 21l important in

making a print of wzood fidelity. By assigning an equal

16



welght to each #nd summing the »esults, 2 numerical value

for printing fidelity can bve obtalned. These observations
permit a new definition of printing quality based on ink
covera:e anu print fidelity. Printing quality 1s the percent
ink coverage obtainable in perfect print fidelity. It 1s
expressed numerically by :

Pg = IC X PF
T96 £ loo

where PQ = printing guality
I = ink coverage
PF = print fidelity
9A = constant

another method which permits a numerical evaluation
of tone reproduction of a halftone print and uniformity of
a solld print 1s presented by Buchdahl, frolglase, and Schwalbe(?7).

The me:surement of tone reproductior guality is based
on the assumption that the tone values of the best obtalnable
print are ildentical with the tone values predict:d by the
printing nlate. A comperison of the ideal or theoretical
brightness values with the actual brightness values of the
halftone prints leasds to an ot jective evaluation of the tone
reproduction. EZach of these values can be easlly determined.
Tne actual brizntness can be obtalned from spectrophotometric
measurements. The 1deal tone values of a print can be calc-
ulated, using the followling equation:

Yigesl = 8¥3 .+ (1 - 8) X,

where "a" 1s itne print area of tne printing plate and
Yl and YO are the tristimulus or brightness values for a=l

ana a=0, respectively. (a=1 represents the solid print; a=0

17



the unprinted vaper surface). Similar equations to calculate
tone values n:2ve heen ziven by pMurray(g) a=d Poulter and
Croney(1lV). furrer sets the brightness of tne unprinted
peper equal to 2ne and Frulter and Croney filx btotn brightness
values arbitrarily; Y1=0 ind ¥Ypg=l. 3uch s procedure 1s certain-
ly not Jjustified in an 2valuation of tone. reproduction
quality. The tone values of a halftone print are not com-
pletely cetermined by the r«tlo of print to nonprint area

as differenc2s irn the brightness of the unprinted sheet and
so1lid »iay s considerable factor in the quality of tone
reproduction.

The authors find it necessary to define a parameter
so that results obtslined in thls manner can bhe compared
with subjective evaluations of tone reproduction. Thls
parameter 1s calcul=sted and 1s found to depend on the overall
density curve from the ideal curve. The derivati :'ns 1lnvolved
in both these metnods of print quality evaluation as well
as a detalled vrocedure are explained sﬁfflclently in the
literature cited.

Comp=risaon and eveluation of gravure prints 1s done by
observation of the nhalftone dots. Any flaw in the printed
image wlll show up ultimately ln the dots. DUots will be
missing or distorted. There are three things that most often
cause bad nalftone reproduction. Th2 cylinder imignt be worn
or engraved poorly. The ink may be drying in the etch. This
will lezve dried ink on the cylinder, leavin streaks, etc.

in the dot pattern. The paper i1& the main factor. Imperfection

18



1n tne finlsn will caus~- dots to be left out 1i: une same
z2rea throu.h ezschn color. 1If the flaw dess not repeat itself
through e«cn colosr, it will have to be the cylinder or the

ink.

19



cxperi ental Procedure

Sampling

all »f tne paver =znd printed sa.ples were aonated by
Brown gaper Jomeozany in XKalasazoo, michlig-n. ‘ne prints were
printed on rotary gravure presses, Printed szmples were

taken off the front of the press, while raw stocx samples

were beling collected off the tack. Care was taxen to »Hull

tne szxmoles as close as possible to each otner, witho:ut
disturbing tne normal operza. ion of tne press. 1In all cases
the samples were at least witnin the same roll and from the
same Jjob, press, and set of cylinders. Twenty sets of samples
were collecned and numbered from one to twenty. All thne
samples were stored under standzrd temperature and relative
nuridity id2ntical to the 2ventual laboratory printin:s con-

ditions.

Printing

A Voindercook 4 Proof Press egulped witn a patent base
1s used to proof trhe samples. A 72 x 9 incn typographical
electrotype which 1s divided into six differ=nt tone ranges
(s, 10, 30, 50, 70, and 90%) and five different screens
(60, 85, 100, 110, and 133 lines) was used :n the
prooiing ooeri-iions (3ee Pigure #1). A heavy bodied Jet
black ink was 1sed to ink the plate.

Sefore printirg the szmples, the press packing, speed,
and ink control were adjusted to assure the best possible '

print. Durin: the actuel printing, the pacsing and th:> press

20



speed were Kept constant. ihe 1nk was rezuigted by thne
Vvandercoo< Inx Moni:or and xXept at a constant v lue consis-

tent withh tae predetermine: value,

Commerciel Print Hvaluatlon

Heflectsnce readings at 61lhmu were taxen on the
commercial prints (See Fizure #2). ien readings from each
set were taken snd averaged. 1t was found by visual compar-
ison and trial and error selection, that retlectance readings
in tne rea region (61l4mu) were reasone ©ly good numerical
ratings of th= print quality. The readings obtalned were
of no value as an absoluts value of printins qualities, but
merely an effective means of ranking the samples. The results

are found in Tavtle 1 i1n oraer of bhest to worst.

Leboratory Print Evaluation

The method to be used is that of Dr. Robert Diehm
which was previously discussed in the literature survey.
The first step in the evaluation of results obtained by this
methoa will be to determine the ink coverage(IC); this will be
accomplished by measuring the brightness of all 10 and 90%
tones, averagin- each, and then substracting tne 90% average
from the 10% averzze. This difference will then be divided
by the brightness of the paper and multiplied by 100 in order

to obtaln the ink coverage.
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I'he next step ~11ll e the evalu-stilon of the fidellty
of reproduction of the plate image on the pzper by the 1ink.
Each torie will be observed with a suitable mugnifying glass
and given a value accordinzs to the three specific rules.

(1) If all dots are present, a value of two will assigned;
if up ro one-fourth of the dots are absent, a value of one
will be gliven; and if more than one-foufth of the dots are
missing, the tone will receive a value of zero. (2) If all
dots are unvroken and undistorted, the tone will be assigned
a valua of two; if up to one-fourth of the dots are broken
and distorted, a value of one will be given; and if more
than one-fourth of the dots are broken and or distorted,

the tone will recelve a value of zero. (3) If each dot

1s uniform in size, a value of two will be assigned; if up
~to one~fourth of the dots are nonuniform in size, a value

of one will be given; and if more than one-fourth of the dots
are ununiform, the tone will be zero. Thus, it will be
possible to obtain a fidelity rating of 120 for a perfect
print.

By interrelating (IC) and (PF) it will thus be possible
to obtain a numerical evaluation for printing quality (PBQ);
that is, printins quzlity 1is the percent ink coverage
attainable in perfect print fidelity.

PQ = 1IC ; PF x 100

The constant 9€ 1s the product of perfect ink coverage,
which 1s the difference between the lightest and deepest
tones (.90 - .10 = .,80), and perfect print fidelity.

120 X .80 = 96
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Experimental desults

Tacvle I oresents the results of the luboratory worx«,
In the first column, the values obtalned for printing quality
using Uiehm's method are listed in order of from best to worst.
In the second column the reflectance valugs are listed for
the commercial orint in order. Tables I1I, III, and IV
list the data used in obtaining the final figures for print
guality. |

In order to demonstrate the definite relationship
between printing guality as produced on the proof press and
th at of the commerclal press, the data is blocked off into
Groups A, B, and C.

Figure #3 displays the corelation between the two
printing processes graphically.

An examination of the two samples attached to
figure #2 will show the range of quality which was present

in the commercial prints.
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TAZLE I

Leboratory Print(i) Commercial Print(2)
Printing uslity N .mber deflectance umber
49.79 17 60.6 L7
49,06 15 60.4 15
Lg, L 10 5945 8
47.74 13 5845 10

Group A

k7.50 o S5i3.d 5
L7.32 ;4 53.0 14
L6.89 b 53.0 13
L6 .54 4 58.0

46,01 11 57.9 L
45.38 7 570 12
45,32 9 Group B 577 11
45.17 2 57.6 9
4,75 12 574 3
44,959 3 97.3 2
L4,08 16 57.0 18
L3.02 1& 5648 19
k2.91 19 56.4 6
L0 ,77 1 Group C 55.3 16
36.32 6 54.0 1

(1) J/zlues are those obt-ined by Diehm's method =s described,
and as computed in T:bles iI, III, IV,

(2) Values are percent reflect-nce at 61l4mu of = solid red
area.
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TABLE II

=P 4 100
sample No. 310(1) 390(1) B10 - B90 I.C.
1 35.4 14.3 41.1 59.3
2 63.7 16.5 46.9 594
3 62,7 14.8 47.9 62.9
4 6443 15.8 435.5 61.2
5 61.7 16.1 45.6 5747
6 53.7 15.0 38.7 50.4
7 64.2 15.8 L34 60.5
8 63.4 15.6 47.8 60.8
9 63.9 16.2 47.7 59.6
10 61.1 13.7 47,4 62.0
11 64.3 16.6 47.7 60.6
12 63.2 16.1 47.1 60.5
13 62.3 14.3 48.0 61.1
14 60.1 14.0 46.1 64.9
15 63.6 14.3 49.5 62.8
16 64.2 16.6 47.6 59.6
17 65.3 15.2 50.1 62.9
18 61.3 15.6 45,7 59.0
19 63.4 16.5 46.9 59.7

L) Brightness values are an average 'of three sheets with

five readings on each.
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Table [II

rrint Fidelity

Sample No. 1L I1 111 Toteal Ave.
1 34 18 15 67 66
34 16 1k 6l
31 22 13 66
2 31 24 14 69 73
3 26 16 76
34 25 13 72
3 32 2k 13 69 68
34 27 12 73
33 23 11 67
I 32 25 12 70 73
33 30 15 79
34 24 15 71
5 35 28 15 78 78
34 28 17 79
35 27 15 77
6 29 2L 18 71 73
29 26 17 72
32 26 19 77
7 30 26 17 73 72
25 26 18 69
30 26 19 75
8 31 27 18 76 75
31 26 17 74
31 26 17 74
9 31 27 17 75 73
30 25 18 73
27 26 18 71
10 33 26 19 78 75
25 27 19 74
28 26 19 73
11 30 23 17 70 73
33 25 19 77
31 26 16 73
12 30 25 18 73 71
30 24 19 73
30 23 16 69
13 30 23 18 71 75
33 29 18 80
31 25 18 74
1% 31 23 16 70 70
29 25 16 70
28 2L 19 71
15 33 28 b4 75 75
31 25 19 75
30 28 17 75

(continued)
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Table II1 (continued)

16 30 25 15 70 71
30 26 15 71
29 26 16 71
17 30 27 18 75 76
32 26 138 76
3L 26 16 76
18 - - - - -
19 32 26 13 .76 70
29 23 15 67
28 24 16 60
20 32 23 12 67 69
30 23 15 68
32 24 15 71

Column I 1list: the value out of a possible 40 assigned to
the presence of dots.

Column II lists the value out of a possible 40 assigned to
the distortion of the dots. _

Coluun III lists tihz value out of a oossible 40 assigned to
tne uniformity of size of the dots.
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Table IV

Poge = 1.Ce X P.F,

56 x 100

.mple Number I.%C. P, F, I. Co X r, F, P Qo
1 59.3 66 3914 Lo.77
2 59.4 73 L336 45,17
3 62.9 63 L4277 L4 ,.55
L 61.2 73 LL68 46, 5k
5 57.7 78 4501 L6.89
6 50.4 73 3679 38.32
7 60.5 72 4356 45,38
8 60.38 75 k560 47.50
9 5946 73 4351 k5.32
10 €240 75 4650 L3k
11 6045 73 nh17 46.01
12 60.5 71 4296 .75
13 61.1 75 4563 47,74
14 6449 70 4710 47.32
15 62.8 75 | 4232 49.06
16 59.6 71 L1780 L, 08
17 62.9 76 L5643 49.79
18 —~——— - ———— mmeea
19 59.0 70 4130 43.02
20 59.7 69 L119 L2.91
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CUNCLUSION

Ihe legitimacy of the method used to evaluate the
printing gquality of the printed commerclal samples was
somewhat doubtful. However, the results agreed with visual
appralsals as well as could be expected. The overall
results, Table I, show that the Vandercook Proof Press can
be used to indlicate printabllity for rotogravure papers.

The procedure outlined in this paper 1s a preliminary
step to establish the feasibllity of using a letterpress
proof press to print gravure proofs.

The gravure industry might well conslder looking further
into some new procedures and equipment for testing the print-

ability of paper.
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Appendix

The more important paper characteristics that effest
printability are summarized in the following(6):

l. Surface Smoothness
a. Initial smoothness
b. Smoothness under impression
1l. Compressibility
2. Resillence
3. Uniform thickness

2. Ink Receptivity and Affinity
a. Surface porosity or permeab:1ity to ink and oil
b. Surface wettability to ink or oil. Low contact
angle to ink and/or its vehicle-must not repel
same. Together with porosity, smoothness and
pressure govern "ink transfer."

3. Surface 3trength or “"Pick" Resistance

4, Color and surface reflectance
a. Hue-white, tinted, or colored; brightness 1if
white or near-white.
b. Cleanliness-absence of specks, etc.
c. Specular reflectance or "finish® and uniformity
of same.

5. Opacity

a. Actual opacity relative to "show=-through."

b. Opacity in relation to ink penetration or
"gtrike-through".

c. Density-caliper and substance welght which are
indirectly assoclated with most =1l our char-
acteristics are listed here for want of a better
place.

6. Dimensiona2! Stability
a. Hygroscopicity-hygroexpansivity or shrink ln
varying relative humidity.
l. expansion
2. contraction
3. curl

7. Body Strength
Physical or mechanical strength in relatlon to the
mechanics of the printing process.
a. Tenslle

b. Fold
c. Tesar
d., Burst ;
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10.

]nl L]

Chemical Re~ctivity

a., Surfece and bedy pE and reactivity regarding
ink oxidation, driers, etc.

b. Zhemlcal corroslon of metels used for letter-
press or gravure plates.

Surfsace Auir-.siveness
Phiglical or mechanical erosion tendencles for the
printirng form or plates in whetever process used.

Fiter Orientation (grain) and Formetion

a. Graln direction-degree of such orientation.
Direction to be sgpecified-usually tc run the
long way of the sgheet.,

b. Qrd:r o! formation-as uniform, well-felted,
irregular, or "wild."

Molsture Content
e. Percentage molsture content. To be specified
so as to be in equilibrium with printing

conditions. Such content znd/or equilibrium,
influences:

1. Curl, wave, dimensional stacility(register)

2. Mechznical strength and plasticlty of stock

3. Drying rate of oxidizing and molsture-set
inks :

L, HBrittleness or blistering with heat dry
inks, )

5. Static
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