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ABSTRACT

An investigation was made into one of the newer
rlanographic printing pletes, specifically 3M's Dry Plate.
This plate is part of the system more popularly known as
driography. As with many new processes, driography is be-
set with several problems. These include plate durability,
substrate suitebility, and toning. This study deals with
the problem of toning and 2 method for investigating it.

In driography, toning is defined as the inking of
the non~image background of the plate. Several factors are
thought to hiaeve an effect on the amount of toring. Factors
such as ink tack, ink tenperature, room temperature, humid-
ity, speed, and pressure are included. This investization
specifically resesarched the relzsticiehips between toning
and ink teck, inking pressure, and printing speed.

A parallel study of these relationships wa2s made on
both an IGT Printavility Tester and on an ATF Chief 15
press. This w2s done in an attemct to show that the IGT
Print:bility Tester could print driographically but, under
the conditions used, it was a poor predictor of toning.

Two methods of recording the effects of toning were

used. One method was the recording of absclute densities
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taken in the non-image areas of the test sheets. The other
method was the recording of a ratio of the density of a
solid patch to the density. of g tinted patch. It was hoped
that the ratio would eliminate some of the extraneous vari-
ables that micht affect the amount of torinz. It wss
found, trowever, that the ratio result tended to record not
only the pure tonirg, but also, the effects of some of the
extranéous variesbles. .

Several statistical methods were used to analyze
the data accumulated. To compare one printing method with
another and to compare one recording method with another,

a correlation analy=is was made and a grzphical study done.
To determine the reliability of the graphical analysis, a
spot check wss made using a paired comparison technique.

An analysis of variance (ANOVA) was made of the data from
each printing and recording method to determine the signif-
icant factors in the experiment.

This experirent showed that ink tack, inking pres-
sure, printing speed, and their interactions all were sig-
nificant factors in toning. Unfortunztely it wes impossi-
ble to incluie some other factors in the experiment which
zre known to have a significant effect on toning. These
include such fsctors as ink temperature, room tempereture,
and humidity.

Eal

Ifore work needs to be done in the srez of driosz--

rayphy, esnpeci2lly in *toxnin~. The crucizl cusstion is
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whether this is 2 plate or an ink problem. As more control
is obtaired over tonins, the use of driorraphy should in-

crease.

Abstract aprroved: (lifton Frazier thesis adviser

, title and depertment

5%1 / Z. J_ﬁ_jt;/_ , date



INTRODUCTION

In recent years, there have been many developments
within the field of printing plates. Until the 1950's,
the methods of transferring an original image to the fin-
ished copy were relatively standardizeq. The onset of the
use of computers, phototypesetting, and more reliable 1li-
thographic presses, combined with the nation's need for
increased output, forced the development of new and better
transfer methods. Along with the original qualifications
of sufficient speed for processing, reasonable cost, and
high quality, new plates should be able to use phototype-
setting or other advancements of the technological age.

Like most technological products, a printing
plate is not spawned in some sudden and dramatic
'moment of birth.' Rather does it emerge from an
original idea by way of a steady series of experi-
ments -- some successful, many not -- until, one day,
there is a finished product capable of working as
successfully on a commercial basis as for the research
team in the laboratory.-

Although the above quoted paragraph is quite dra-
matic in its presentation, it is very applicable when
discussing driographic plates. These plates emerged from
the laboratory as a means of answering one of the lithog-

rapher's problems -- water. However, there are still many

problems associated with the new plate and its printing



method. Hopefully, these will be solved after more experi-
mentation and work by its developer, 3M Corporation, and
other printing-related organizations.

As a background to future discussion, it is impor-
tant to review the principles of lithography. It is basi-
cally a planographic process in which the printing and
non-printing areas are in the same plane as the image car-
rier. In offset 1ithography, the most ocommon form of 1li-
thography today, the offset to the rubber blanket reduces
the abrasion of the plate. Since water tends to repel the
greasy 1ink, the plates or image carriers depend on water
to separate the non-image from the image areas.2 There 1is
a chemical differentiation made between image and non-
image areas to maintain the ink and water covered areas.

Lithography has become an importsnt process in to-
day's merket. In fact, it accounts for about 38 per cent
of all the printing done in the United States.3 The rezs-
sons for this relztively large percentage are lithography's
advantages. These include the ability to print on a wide
range of substrates, inexpensive plates, easily stored
plates, relatively fast presses, easily made plates, the
aﬁility to vrint finer halftone screens, and some aesthetic
advanteges in reproducing some originals.

As with many technological processes, there also

eare disadventages. The disadvantages have trevented



lithography from expanding into many fields where the other
methods of printing still have control. The disadvanteges
include the difficulty in delineating between image and
non-image areas, the use of water, non-correctable plates
(although image areas can be made non-image areas), easily
damaged plates, higher ink cost, hich paper waste, diffi-
culty in numbering, difficulty in scoring or perforating,
and the great pressure exerted on the shget of paper.

Of 211 the disadvantages, the use of w:ter is prob-
ably the most serious because it contributes to many of the
other problems. Water causes protlems relzted to the di-
mensional stability of the sheet of paper znd to the emul-
sification of the ink and ink film consistency. These
effects of water are directly related to the probvlems of
registration, color consistency, higher cost inks, higher
paper waste, higher tack inks with related probtlems of
picking, linting, =2nd scumming, and fountain solution
formulations.4

Lithography, the author feels, is a steadily grow-
ing field of vprinting. Althouch its percentage of the
market may not increcse significently, it will still comn-
mand a lzrge amount of a ste2dily scrowing industry. Dry
planographic printing or driography is a process that will
at first heve its sreatest application in trazditionsl

lithogravhic fields. Today its most aporoprizte



application is business forms, because of their need for
dimension2l stability. It is believed that ss lithography
grows, so will driography. As some of its problems are
overcome, driosratvhy, in fact, may stsrt taking a larger
and larger shafe of the work away from lithography.

In August of 1972, a spokesman for 3M Company made
an optimistic appraiszl of the future of driozraphy;

We are committed to the driocraphic system end have
made a gre=2t deal of technical prozress during the
past year in identifying our problems with driozrsrhy
and either minimizing or eliminzting those probless.
However we are not totally '‘out of the woods' in 211
respects and will continue to move 2he=d carefully out
deliverately with the driocrsthic system.

The 3M Company would give such arn ortimistic state-~
ment for promotionzl reasons. However, it is felt by the
author that even with the present Dry Plate's problems, the
princivle behind it is sound and one on which future oprint-
ing will be based. It is only logical that over time a
process which is fraucht with zsny problems will change.

As has alrezdy been mentiored, driorsrz2vhy was the
development of & process of planograrnic printing which
would eliminate weter- It i1s 2 process that hse the szme
advantages as lithosraphy when compsring it to other meth-
ods of printins. Its basic adventage over litho~rethy is
the elizin=tior of weter. This is & large advantécse.
Driography i= 2 logiczl development of lithogrorhy, regsrd-

less of the success of 2i's Dry FPlate System.



Some of the problems with 3M*s Dry FPlate are dura-
bility, toning, ink set-off, drying in the ink train, pick-
ing of paper, nezd for high tack ink, and susceptibility to
scratching. Specifically, the plate's durability on the
press is relatively short, about 50,000 impressions.

Toning and scumring refer to the non-image area of the
plate accepting ink. In driography, toning occurs when the
silicone coated background area accepts.ink.7 The term
scumming, on the other hznd, refers to this occurance on
lithographic plates.8 The silicone coated suriace of the
Dry Plate is easily damaged and is very susceptible to
abrasion.9

As indicated earlier, set-off is a problem with
driography. Set-off is the transfer of ink from one sheet

to the back of another.lo

The bare aluminum image area
accepts more ink and transfers more ink than the coated
areas of the lithographic plates. Set-off can, therefore,
be more pronounced than in 1lithography.

Driozraphic inks generally have a higher ink tack
than lithographic inks. Also they contain more pigment,
perhaps more driers, and proportiornztely less vehicle.
Therefore, there is a tendency for the ink to dry on the
rollers or in the ink train.ll

Another problem with the driograprhic process is
paper picking, which refers to the lifting of sm2ll clumps

N - . 12
of fikrers Irom the uwirper's surface.



Generally, a motivating factor for studying prob-
lems with technological processes is to attempt to solve
or define a problem for the current users of the process.
Driography itself was a result of this type of investiga-
tion. The author's motivation in studying one of the prob-
lems of driography was to help current users of 3M's Dry
Plate. Also, establishing the methodology with which to
study future dry planographic systems would be useful to
industry-

The selection of an ink tack appears to be one of
the important problems with the Dry Plate. It is directly
related to many of the problems a2lready stated and there-
fore is quite important. Ink companies and 3M have made
investigations in this ares, but it has been of a proprie-
tary nature and is not available to the general public.

Research has shown that there is a relationship
between the tack of the ink selected and toning, drying in
the ink train, and picking of paver. The topic of tkis
study will be to investigate the relationship between ink
tack and toning at various levels of inking pressure and

printing speed when using 3M's Dry Flate.

-’
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CHAPTER II

STATEMENT OF PROEBLEM

The only printing plate currently available for
printing by driography is 3M's Dry Plate. The plate is
negative working aluminum with separate iight—sensitive,
bonding, and silicone elastomer coatings. When the plate
1s exposed to actinic light, the bottom photosensitive
layer is softened and is removed with development. This
leaves a bare aluminum image area and a silicone coated
non-image arez. The polymer coated area has a low surface
energy and tends to repel any greasy substance, such as
ink.t

The plate is primarily suited to medium runs of
50,000, although runs up to 90,000 have been achieved.2
The advantages of the plate, in addition to those already
mentioned, include no reguirement for gumming of the plate,
a visible imege produced on exposure, and no need for new
production equipment.3

Litrography, s well as driography, works on the
theory of differential adhesion in relation to ink and, in

the case of lithography, water. This theory was explained

by John L. Curtin, the inventor of driosraphy, "The



principle (is) that under certain circumstances ink will
adhere to the imzge areas of a printing plate, but not the
background."4 In other words, there is a difference in

the adhesive properties of various surfaces. The theory

is based on the principles of cohesion arnd adhesion. Cohe-
sion is the molecular attraction of particles of a body or
mass,5 in this case ink and water. Adhesion is the molecu-
lar attraction exerted between the surfaces of bodies in
contact,6 in this case the surfaces of plate, blanket, ink,
and water.

Generally, ink is & higher cohesive mass thacn
water. Tack, as measured on & GATF Inkometer, is consid-
ered to be related to the cohesiveness of irk, 2lthough it
m2y be an indirect relationship. FProbably as ink tack
increases, the cohesiveness increases. W%Water, on the other
hand, has low cohesiveness.

In lithography, ink adheres better to the ink roll-
ers and image arecs of the plate than to the water covered
non-image areas. In other words, the cohecsive cualities
of the ink and the adhesive quzlities of the rollers and
chemically treated image areas combine to form the inked
image. This is often referred to as the oleophilic and
hydrophilic qualities of lithographic plates. In driog-
raphy, the same rrincirle holds true, but there is no
water. The back-round or non-in=ze arez has low a:dhesive

cualitizs 2nd repels the ink. The bare =eivzl imaze 2reis



10

and the ink rollers hold the ink. The forces of cohesion
are greater than those of adhesion.7
Each printing process in order to print efficiently
requires an ink which falls within a specific range of
cohesiveness. While there is no direct way to measure this
cohesiveness, generally the reading called "tack" tazken
from a GATF Inkometer or some similzr instrument is used 2s
the measure. "An easily understood defipition of tack is
stickiness. This is the force required to split an ink
film between two surfaces."8 Flexographic and gravure
printing generally require a low tack ink. Letterpress,
lithographic, and driosraphic »rinting esch recuire an
increased ink tack. The 3 Company states that & high
tack ink must bpe used with their Dry Pla‘ce.9 In fact, for
some inks, they recommend the addition of resins (i.e.
Ashland Resin No. 533) to the irk to increzase the tack. 10
Although a2 particular tack is needed for & particu-
lar process, its actual selection is very critical. An
extremely hicsh tack ink may pick, pluck, or tear the paper
surface. A low tack ink, on the other hand, m=y be inca-
pable of producing sharp images.ll
’ In driography, the ink tack or ink's cohesive force
must be higan enouzh to produce sharp imares, but not so
high that it picks the paper being printed. Paper fibers
th2t are picked =nd reach the plate surface will scretch

its delicate non-imace a2rea. Obviously, the z2rount of
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picking depends not only on the ink, but also on the paper
itself. Low ink tack will cause a loss in the resolution
of the imace and toning of the background area. Toning is
defined as the phenomenom of the non-image ink-repelling

area accepting ink.12

It is the failure of the theory of
differentizl adhesion that causes toning.

The relationship between ink tack and the print-
ability of the drioszraephic plate hes been found to be an
important one. The topic of this study will be to exanine
in detsil the relstionship between ink tack and toxing.

A sub-problem will be to deternine if the IGT Printability
Tester can be used to study the relationship and if there
is a positive correletion between its results and actual
press conditions.

Several hypotheses have 2lrezdy besn made in rele-
tion to this study and will be assumed true without test-
ing. These are:

l. As the cohesiveness and adhesiveness of ink increase,
the ink tack also increases.

2. A measure of ink tack can be obtained by using a GATF
Inkometer.

3: Driocraphy requires a hizh tack ink to print effec-
tively.

4. As ink tack increases, the degree of paper picking

increases.
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5. A measure of the pick resistance of paper can be ob-
tained through several tests (IGT Test, Dennison Wax
Test, GATF Pick Test).

6. The density of ink in the background area (toning) can
be measured on a reflection densitometer.

7. As the ink tack increases, the length or stringiness of

the ink increases.13

8. The temperature and humidity of the testing room will
have an effect on ink tack.:and therefore also on ton-
ing, but the exact relationship is unknown.

The following hypotheses will be tested:

1. As ink tack decreaszs, the amount of background toning
on a driogravhic plate increases.

2. As ink roller to vplate pressure increases, the amount
of toning increzsss.

3. As the printing speed increcsses, the amount of toning
increases.

This study will investigate how ink tack, printinc
pressure, and printing speed affect toning. There are
other factors thzt ==y affect toring, but these will not te
investizeted (i.e. ink temperature, type of paper, size of
iﬁage area, temverature and humidity of testirz area). An
assumption will be made that the results of this study will

be valid only for the conditions dsscribed.
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CHAPTER TIII

REVIEW OF THE LITERATURE

Ink compznies, 3M Company, and probably some paper
companies have performed some investigations into the
relzstionship between the driographic pla%e, irnk tack, and
toning. As far as the author was able to determine, most
of these investigations have been of a proprietary nature
and are not available to the gemneral public.

Upon personal reauest, 3M sent the auvthor a copy of
g technical report written by Mr. L. J. Stulc for ink manu-
facturers. In this revort it is stated that an increzse in
temperature, 2n increase in ink film thickness, and a
decrease in press speed will increase the amount of ton-
ing.l Tt was also statsd that the viscosity of ink de-—
creases as the temperature increases.2 Generally speaking,
the best driographic inks were lithographic inks with an
operable rarge between 45 degrees Fahrenheit snd 75 degrees
threnheit. This range of temperatures chsnged for differ-
ent inks and also with various press speeds and film thick-
nesses.3 Ths ambient temperature was also found to have an

effect on the operable ranqe.4 It was deterained th=2t the

best inks huve = low mowioum tack, balow 30 to 35 at
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400 RPl, but higher than 15.° Finally, the best inks for
driography =2re made from varniches in which the components
are on the verge of incompatibility.6
Mr. Robert Crowe, a 3M Technical Service Represeri-
tative, pointed out that 3M realizes that toning is one of
the most serious drawbacks to the Dry Flate. According to
3M's current research, the two major factors which contrib-
ute to the toning are ink temperature and, tack. These
fectors are not indeperdent of one another. The tempera-
ture of the ink tends to rise while it is moving through
the ink tr+in of the press: thus the ending temperature of
the ink is higher than the bezinning temperature. Because
of this temperzture change, ink tack is reduced.'7 In
Stule's article it weas stated thzt as ink tack decrezses
the zmount of toning increa"ses.8 The general relationships
between time, tempersture, tack, @nd touing can be seen in

Figures 1 through 4.
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tack
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lo hi

tempersa ture
Figure 1

Ink Tack As A Function Of Temperature
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Ink Temberature As A Punction of Time On a Moving Press
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Ink Tack As A Function of Time On A Woving Press
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Figure 4

Toning As A Fuanction of Tack On A Moving Fress
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According to Robert Crowe, 3M had two choices in
trying to solve its problem of toning. The ink could be
adjusted so the tack would not be reduced with increased
temperature or the temperature of the ink could be con-
trolled so it did not affect the tack. At first, 3M took
what it felt was a simple and logical approach to the
problem -- adjusting the ink. After spending a great deal
of time, money, and effort on this approgch, the protlem
still has not been solved. Recently, 3M decided to take
the other approach -- controlling ink temrerature.

At present, the Dry Plate is being sold as a system
which includes a chill roller conversion for the ink train
of the press. This roller, manufactured by Baldwin Ink
Systems, maintains the ink temperature at 72 degrees to
75 degrees Fahrenheit by a circulating water system. The
experiments hove shown that when ink train temveratures
exceed 85 degrees Fahrenheit toning occurs. The ideal
temperature seems to be in the 72 to 75 degree range.

Testing will be continued by 3M to find a satisfac-
tory ink; but in the meantime they hope the chill roller
will get the Dry Plate off the ground. These current de-
vélopments seem to be just a further extension of the re-
search discussed by Stulc. They are 3M*s attempt to make
driography more marketable.

Graphic Arts Research Center (GARC) of Rochester

Institute of Technolo=y =2nd the Graphic Arts Technic~l
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Foundation (GATF) have both done some work with 3M's Dry
Plates. GARC determined that the factors of ink tack, ink
release, and temperature of the irnk train were critical in
obtaining satisfactory results with the Dry Plate. They
also felt that special blankets, rollers, and paper were
needed in the process. However, the specific results of
their testing were not published.lo
GATF performed some very comprehensive tests on the

Dry Plate. The results were reported in February, 1972 by

Lars Rudstrom and Nelson Eldred in GATF's Reszarch Procress

Report. They attempted to answer several questions: "What
are the limitations of the plates? Do they resist aging
and abuse? Do driographic plates transfer ink as well as
conventionzl wet plates? What are the limitations on
paper and ink? How well do driocrzvhic inks perform?"11
In their experiments, they used inks which were speciglly
formulzted for driozravhy a2nd vroduced by several different
companies. Rudstrom and Eldred found that the plastic vis-
cosities of the inks covered a wide ran:te, but generally
were higher than conventio:sal lithogravhic inks. They also
found that the inks were loncer and cenerally had 2 higher
téck, as mecsured on the GATF Inkometer. The driographic
inks were more sensitive to increasas in ink roller (press)
speed thzn lithozrarhic inks. One of their inks, in feact,

began to zloss on the rollers and cause & sliptace
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problem. Driographic inks were found to have a greater

tendency to set-off. The driogcraphic plates transferred
ink as well as, if not better than, lithographic plates.l3
George Leyda of 3 Company listed some of the re-~

guirements for driographic inks:

Tack must be hizh enouzh to assure a clean
background rel=tive to the wettability of the ink for
the plate background. For any range of adhesive
forces, the cohesive forces must be high enouzh to
preclude any adhesion. v

Tack must be relatively stable with regard to
time, temperature and other press variables such thst
the first requirement is met throuzhout the press run.

Flow necessary for transfer through sn inw
train and to printing cylinders to assure image trans—
Tfer must be maintained.

A1l the other common ink chsracteristics must
be provided, such &s color, drying, penetrztion, rub
resistance, polluticn control, etc.l

cased on these requirements, ink ma..ufacturers have
developed the approvriste inks. These inks have the fol-
lowing characteristics: they sre based on a large molecule
very non-polar varnish, which provides the needed adhesion;
the tack is high relative to lithographic inks; the tack is
relatively stable in regard to time and temperature; and
the ink is formulated to flow properly.l5

Andries Voet pointed out thot seversl instruments
have been desisned to measure ink tack. J. Stefen, the
first to experiment with tack, developed a psrallel plate
instrument to measure it. It was esimiler to a parallel
plate viscometer excepl thet the plates moved away. instead

of epproaching one another- J. Bekk developed 2 viscometer
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with which he could observe the motion of a steel hemni-
sphere throuzh a thin film of printing ink. H. Green
developed an instrument known as a tackmster, which oper-
ated like a mechanizcal fincer. It performed finger tap-out
tests with which the pull resistance could be measured at a
controlled and constant temperature.16
Voet also mentions a rolling cylind-=r tackmeter.
it consists of a metal cylinder which is gllowed to roll
down an inclined plane over & layer of ink. The cylinder

then rolls up another inclined plerne. Tack is the linear

measure of the distance that the cylinder rolls up the

plane.17
. ) gy
top view IE::3| ]
B A
C D C
>
side view 4E§§:hy —
\a
| &— g —
A —= metzal cylinder ¢ —— tracks
B -- electromzznetic catch D -- ink plate

E —--~ distance measured
Figure 5

Voet's Rolling Cylinder Tackmeter18

Another tack measuring instrument is the "Tack-0-
Scope," developed by Rudolph ieyer's Incorvorzted. It

measures the viscosity of ink in teraus of the frictional
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force developea between the inked rollers. The tack of the
ink is directly related to the frictional forces between
the rollers. The device cpnsists of a relatively large
diameter center roller driven at variable speeds from 155
to 1400 r.p.m. A laterally oscillating roller distributes
the ink on the center roller. A rider roller rides on top
of the center roller and is balanced by a spring. As the
rollers turn with a given amount of irk on thewm, the rider
roller is deflected forward. The amount ;f this deflection
is measured by a licht source 2nd an optical svstem. The
ink is kept at a constant temperature by & circulzting vwa-
ter system. The msin differences between this instrument
and the Inkometer, to be discussed later, are the optical
measurement system and the elimirnztion of forced dampening
between the rollers.19

Two other tack measuring insiruments are the PATRA
Tackmeter and the Churchill Tackmeter. Both were developed
in England and neither are in common use.

Robert F. Reed of GATF developed the first commer-
cially successful and scientifically accurate instrument to
measure tack. Called the Inkometer and made by the Thwing-
Albert Instrument Company of Fhiladelphia, it measures tack
under the dnamic conditiouns that nicht be found on =
printing press. Accordinc to Voet, it is an ink film dyzn-

mometer which "measures the force reguired to cause two



inked rollers, X and Y, to rotate in contact with one an-
other at a predetermined pressure, speed, and temperature.
The rubber roller, Y, rotgtes around shaft Q, while the

metal roller, X, is driven by shaft P. The swinging frame

20

Z has an arm L and a counterwei~ht C." This is illus-

trated in Figure 6.

Figure 6

21

Schematic of GATF Inkometer

‘ In operation, the instrument.is first zeroed at the
equilibrivm position A. “When ink is apclied to the rollers
the instrument is thrown off equilibrium as B of Ficure 6.
The measurement of tack is the amount of weicht (W) needed

to brin=z the instrument back into eanilibrium, or the
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amount of torague required.22

The Inkometer has found many practical applications
in ink testing. Omne important area is in determining tack
levels for wet on wet printing. It is used in the control
of heat set inks where the rate of evaporation and press
speeds are imrortant. Its use in comparing inks, however,
is only valid for inks of similar composition, or those
made of the same wvehicles, solvents, and.binders.Z3

As a scientific instrument, the Inkometer's validi-
ty is somewhat doubtful. One objection is its inability to
give data in fundamental units independent of instrumental
constants. Low viscosity liquids do rot distribute proper-
ly on the rollers. On the other hand, high viscosity
liquids are drzwn out in filaments and are throvn-off or
"mist." Another objection is that the composition znd
rubver rollers deiform and have an effect on the data. The
balancing weight is not independent of the speed; the arm
must be rebalanced for every speed. Also, it has been
found that the distance between the rollers is rnot constant
and varies with the speed.24

Voet gives a rather detailed description of the
mechanism of tack:

When subjected to stress the response of the
ink, =nd of any licuid, m2y be of a viscous and of c2n
elastic nature. Splittine of ink films will occur by
viscous flow when the rate of seraration is slow. The

liguid i=xlr will rescond to the siress by viscous Tio0w,
since the tiwz elerent irnvolved 1s lonz enough To allow
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flow to take tlace. Upon incresasing the rate of film
separation, however, the flow response to stress of the
liguid, being provortional to the elzpsed time, will be-
come less and less pronounced. On the other hand, the
elastic response, of an instantaneous nature, becomes
more and more important. We msy thus expect that with
& given, critical, high rate of film separation the
ink, though a plastic licuid, gctually has more of the
behavior of an elesstic solid. Rupture will then occur
when the applied force exceeds the cohesive material
strength.25
Ink flying, also known as misting, sprayirng, cloud-
ing, or fogging, is a serious problem for-.meny reasons. It
is a health hazard to employees, it contaminates the press-
room, it can be a fire hezezrd, it can indirectly limit the
speed of the presses, and it might contribute to toning.
Basically, the terwn ink flying refers to the small irk
drovrlets being thrown from the rollers of a moving rprress.
This is not caused by centrifugal force, but by the rupture
that occurs when an ink film is rapidly sevarsted. Oftern
the filament of ink formed is ruptured in two places simul-
taneously, and the middle part is ejected as a droplet.26
Voet discusses many oi the factors which influence
ink flyine: press speed, low absolute humidity, imperfect
mechanicsl conditions, presence of air currents, the elas—
tic forces of the ink (which increase with viscositv), the
témperature, and the electric conductivity of the ink.
Yield values and surfesce tension have little influence on

ink flying.27

Aftor ugins the GATEF Inkometer to mezcsure the tock
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of the inks, the IGT Printability Tester will be used to
conduct the experiment. The IGT Printability Tester is
essentially a miniature model of a press which permits the
experimenter to control meny variables. Although there are
meny limitations in its use, it has proven its value. The
following quote from Thomas Linden of the International
faper Company seems to supprort this contention:

The prediction of printing results on parer is
extremely difficult. Until recently & number of prop-
erties affecting the printing quality were measured
separately such as strength, hardness, and smoothness.
Unfortunately, & given apparaztus does not always mea-
sure the properties for which it was designed. It is
not surprisins that considerable differences tetween
the predicted and the actusl results were often found.
This method therefore is both unreliable and tedious.
There has cveen a definite need for instruments by which
various factors mey be determined in advance of actu-
21lly having the printer aprly the ink to the paper and
noting the results.?2

The IGT Tester is made by the Reszarch Institute
for the Gravhic znd Allied Industries TNO in Amsterdam,
Hollernd. It consists of =n inking mechanism and 2 printing
mechanism which operate independently of one znother. The
tester operates basically on the letterpress principle, but

29

it can be converted to print by offset. The final re-

sults have generally been shown to have a good correlation

with actual press results, although the opposite has also
been shown.30
Of the several printability testers on the unzrket,

the IGI Tester ic the most widely knowr, =ccep’
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used. It is an instrument which is simple to use, quick,
and relatively inexpensive: but it gives control over such
variables as pressure, spegd, ink film thickress, etc.31

J. A. Cheatham did an interesting experiment to
discover the relationship between the IGT pick testing
method and actuzl picking on an offset-lithogrzphic press.
Although the results are not directly related to toning,
they had a significant effect on the test method used in
this study- The conclusions of the Cheztham study were 2s
followg: "This investigation has shown that the standard
method of using the IGT Printability Tester (letterpress
method) for determining the picking strength of peper is a
suitabtle method of testing coated litho paper."32

The densitometer will be used in this study to mea-
sure the amount of toning. Victor Strauss expresses the
importance of this are=. "Densitometry mekes it possiule
to measure different tones with precision instruments and
to express these measursments in numbers."33 The scale on
which density is measured was developed to express varia-
tions in tones in the same rroportion that the eye sees the
difierences in tone. The densitometzr will therefore give
a ~valid response varizable for this experiment. The author
was interested only in the visible toning that occured.

The preceeding discussions of various aspects of

the experiment g£ave some direction in the experimertal



27

design. There is apparently no documentation in published
literature of studies having previously beer. done on toning
as related to ink tack when printing by driogrephy. There-
fore, the experiences of those in related areas have been

drawn upon to set up the hypotheses. These hypotheses will
be tested znd hopefully = theory of toning with driographic

plates will be proposed.
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CHAPTER IV

METHODOLOGY

An experiment was desizned to test the three hy-
potheses:

1. As ink tack decreasss, the amount of'background toning
on a driograrhic plate increases.

2. As ink roller to plate pressure incresasss, the anount
of toning on the driographic plate increases.

3. As the printing spezd increases, the amount of toning
on the driographic plate increzses.

Essentially, the experiment was an investigation of
how ink tack, inking pressure, printinz speed, and their
inter-relationship affect toning in driographic printing.
In addition, a test was made to detarmnine how well an IGT
Printability Tester can predict press results in these

areag.

The IGT And The Fress

The experiment was conducted on both the IGT Print-
ability Tester and on a duplicator press. The IGT Print-
ability Tester is often considered a ministure press with

which the eurperinenter can control several veriables.
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Speed, pressure, and ink film thickness can be varied and
controlled within limits. The speed and ease of operation
of the IGT enables the experimesnter to quickly adjust his
variables to different levels. The tester chosen for the
experiment was a single wheel, spring driven device, lo-
cated in the Physical Testing Laboratory of GARC at the
Rochester Institute of Technology.

The press chosen for the experiment was an ATF
Chief 15 which was also located in the Physical Testing
Labvoratory of GARC. It was chosen not only for its loca-
tion and size but also because it is a2 press often used by
business form printers, z primary user of driogratphy. A
significant correlation between the results on the IGT and
those on the press would indicate that the IGT could be

considered a predictor of press results in driography.

Response Vari=ble

Since toninc was being investigated, some value had
to be assigned to the amount of toning. The value vwes
assigned by measuring the density of the toning in a per-
ticular non-image ares on the sheet. Several precautions
were taken in order to eliminate external variation. The
location of density measurement was kept constant and wves

in an area aprroximately one eichth inch away from an

image. The paper density was zeroed out in the reziing,

M

=

the densitonziver hem,d was placed on the papzr in the sare

Q
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orientation and with approximately the same pressure, and
the reading was taken on the szme base of two sheets of
prlain twenty-pound white bond.

It was felt that a valid indicatiorn of the amount
of toning mizht also be obtained by taking the ratio of the
density of a so0lid to the density of a tint. Taking densi-
ty readings in an im=ge area might show a different effect
of toning. To eliminate or minimize variations in toring
caused by slurring or variations in ink film thickness, a
ratio of tone to so0lid was computed. The location and
method of taking these readings were kept constant.

Absolute and ratio resronses were obtained for both
the IGT and tress sectiong of the experiﬁent. Bach re-
sponée varisnle gave the firal result a different sppear-
ance. They coth were evaluated.

The densitvy for each respounse was measursd with a
Macbeth RD 100 reflection densitometer, which was carefully
calibrzted just prior to use and at fifteen minute inter-
vals during use. The densitouzeter wis located in the
Physical Testing Laboratory of GARC.

The test object printed consisted of & section of
the Gretzg RIT Color Control Bar. It is a one-quarter by
three-quarter inch srea knovn as tre four step hallftone
wedge section. Each wedge contains a tint area of 15, 45,

and 73 per cent dot 2rea plus a solid area. The 15 and 73
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per cent areas are tones made from screzns with 180 lines
per inch. The middle tint areza consists of 220 lines per
inch in a vertical and horizontal pattern, so that it can
be used as s slur target.l For this experiment, twelve of
these bars were numbered and placed in a row. The arrange-
ment was made to fit the dimensions of the printing area on
the IGT Printability Tester, as shown in Figure 8. The
arrangement was then duplicated several fimes and some
lines of type were added to make 2 plate for the ATF Chief
15, as shown in Figure 9. The so0lid sections of the wedge
were altsrnated in their placement to avoid any vossible
problems caused by imcge arrangements. The precise areas
where density readings were taken for each part of the ex-
periment are defined in Fizure 7.

IGT Absolute Reazdings =—-- 1/8 inch under the numbers 3, 5,

7, 9 and 1/8 inch to the left of
the step wedge

IGT Ratio Readinzs —— ratio of density readings oI sol-
id areas of blocks 3, 5, 7 and 9
to rezdings of the 73 per cent
tone sreas of the same blocks

Press Absolute Readings - 1/8 inch to 1/4 inch under the
number 5 and 1/8 inch to the
richt of the solid area in the
row of wedges under the liness of
type

Press Ratio Rezdings —-— ratio of the rezdins in the sol-
id to th. readinss in the 73 per
cent tone area in block 6 und:r
the lines of type

Fizure 7

Arezs of Density Readings



Figure &

Szmrle Print From IGT Prirtability Tester
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“This was printed by Driography. This was printed by Driograph
This was printed by Driography. This was printed by Driograph
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Figure 9

Portion of Sarvle Frirt From ATE Chief 15 Frecss
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Controlled Varisbles

Paper

The paper used in %he experiment was a seventy
pound offset paper called Mead Moistrite Wove Offset with &
regular finish. There were several reasons for this choice
of paprer. It was recommsndsd by Ron Ink Corporation of
Rochester, New York as being a paper suitable for testing
high tack inks such as a driozrephic ink. It has a high
pick resistance, =n extremely smooth surfsce, high opacity,
and is designed Ior offset printing. Since they might have
an affect on the experiment, the pick resistznce znd czli~-
per vere measured.

The caliper of the paper was found to be quite con-
sistent throurhout 2 single sheet and from sheet to sheet.
Its thickness was measured or a Testing iachines Incorpo-—-
rated Iodel 549 Micrometer. The average caliper ne2sure-
ment was .00454 inches and the standzrd deviation wes
.000077 inches. In order to obtain these measurements,
five sheets of the paper, 8 1/2 by 11 inch size, were
pulled at rendom from a 1lift of apuroximately 500 sheets.

A. measuremnsnt was then made in each of the four corners and

z

the center of the sheet. The location and method of mea~
suring was kept constant from sheet to sheet. The original

data for tnis can be seen in Table 1.
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TABLE 1
TEST PAFPER CALIPER DATA

Caliper Measurement Location
Sheet Corner Corner Corner Corn=zr Center
Identification #1 #2 #3 #4

A . 0045 . 0046 . 0047 . 0046 . 0045

B . 0045 . 0045 .0046 . .0045 . 0046

Cc .0044 -0245 . 0045 . 0045 . 2045

D . 0045 . 0046 . 0046 . 0046 . 0046.

E . 0045 -0045 .0044 . 0046 . 0046

The pick resistance of the pzper wzs determined by
using the IGT Pick Test method. In this method the IGT
Printebility Tester is utilized alonz with three specially
prepsred IGT Fick Test Oils. These oils sre identified by
their viscosities, which are related to ink tack, and are
expressed in units of poise. The low, nor.w2l, and high
viscosities of these oils are 210, 720, and 1550 poise re-
spectively. In testing, each oil was used individvzally and
at separate times. To perform the test, one cubic centire-
ter of the porticulzr oil was placed on the distributing
roller of the IGT Inkinz Iechanism and 2llowed to be. dis-
trivuted for sicht minutes. At forr minutes, the distribu-
ting roller was reversed to give a more even distribution.
At the end of the eight minutes, the rubber printing disk

was "inked uvn" Tor a toizl of one =znd ore-hzlf minuizcs.
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The printing disk was then placed on the printing mecha-
nism. The pressure was set at thirty kilograms and the
appropriate speed range was set. Three ranges of spesd are
possible with the IGT spring driven device at thirty kilo-
grams pressure. These are A (0O to 500 feet per minute),
M (O to 600 feet per minute), and B (O to 690 feet per min-
ute).2
The pick test was performed with.paper cut both
grain long and grain short, with the three viscosities of
oil, and at the three speeds. No picking was perceived
with either the low or normal viscosity oils at any speed.
The high viscosity 0il did cause picking and tearing at a
medium speed with grain short paper, and at @ high speed
with grain long paper. Figure 10 summerizes some of the
vari=zbles controlled in the pick tecst.
0il viscosity —- 1550 poise (highest)
0il guantity —- 1 cubic centimeter
Printing FPressure —-- 30 kilogrsms
Speed —— spring device
A O to 520 ft/min
M O to 600 ft/min
B O to 690 fi/7in
Inking of mechenism —- total of 8 minutes
Inking of roller —- 1% minutes
Grain —-- long and short
Figure 10

Summary of Pick Test Controlled Varittles

Since the paper chosen hzs an extremely hizh pick

resigtsnce, it is idezl Tor this experimennt. The hizn pick
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resistance greatly reduced the possibility of pickel fibers
entering the experiment as a variable. Table 2 summarizes

the results of the pick test.

TABLE 2
FPICK TEST RESULTS

Test

Variables 12 3 4 5 617 8 9
Speed Alu B A M Alu B M
Grain* Ll L L 3 S S|1L L S
0il added

(ce). oo 0 0| .65 0|0 0 0
Picking distance

(inches) 21213 1/8f 0l21/2] 0}J0(3 1/8| 3 1/4
Tearing distance

(inches) 0lo|a4a1/4] o3 1/4f olo|4 3/4}| 4 1/2
FPicking velocity

(ft/min) o0lo| 470 O 360} 00| 470 | 430
Tearing velocity

(ft/min) Dl o} 562 | 0o} 430 ] 010} 590 | 510

* grain long = L grain short = S

P The grain direction of the paper was kept constant,
but was not considered extremely i.portant in the experi-
ment because of the high pick resistance. TFor both the IGT
and the press the =rzin of the paper was kept perpendicular

to the axis of +tre wrinting cylinder. This is considered
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grain short paper.

Again because of the high pick resistance of the
paper, the varistions between the felt and wire side of the
Paper were considered unimportant to the experiment. The
wire side was chosen arbitrarily as the printing surface,
but variations in tve printinz side were not considered

critical.

Ink
Three black inks specifically formulated for driog-
raphy were supvlied for the experirwent by Ron Ink Company
of Rochester, New York. Table 3 summarizes the information

about the inks, obtained from tkheir lsbels.

TABLZ 3

ILPORCATION ABCUL IRKS

Kind Iabel Formula (Batch Tack at
Deate Number fumber | 1 nminute
1200 RF:i
Low Tack Driosrsphic 4/2/73 | EX-203 |X220)9 10.9

Medium Tack Drio-~ravhic |4/2/73 | A-4543-71X18092 17.9
High Tack Driozrarhic 4/2/73 | Ex-202 |X20008 19.90

The medivm tack ink (17.0) was the one normally
suprlied to driosrarhic crinvers; the low and high tack
inks were svecifically formulated for this experimsnt. The

inks were cerefully henlled durins ths =xvcrizent period.
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They were kept in a cool dry place and were well sealed.
During use the ink was kept covered, the ink was scraped
off the surface to avoid +rapring 2ir, and the skin paper
was consistently replaczd.

It was decided that it would be aprroprizte to
verify the tack of the inks as listed by the manufacturer.
The tack of the inks was therefore deterrined on the GATF
Inkometer located in the GARC laborztories. The readirncs
were taken on two separate days 2s & double check of the
results. On both days the temperature of the laboratory
was about 82 degrees Fahrehheit; the reletive humidity,
however, dropped from 62 per cent on the first day to 47
per cent on the sescond day.

The readings were taken with the Inkometer tempera-
ture a2t 90 degrees Fahrenheit and the speed set &t 1200
revolutions per minute. The readirzs on the high and
medium tack inks were consigtent from one day to the next,
the low tack ink reading increaszd. The readings over g
ten minute period can be seen in Table 4.

The performznce of the medium tack ink wes cuite
surprising, especially since this is Ron Ink's standard
drioszraphic ink. On both days, the teck of the ink steyed
feirly level for the first seven minutes of the test. At
eight or nine minutes the ink started to dry and glaze on

the rollers. Since this beh=vior is ¢uite unususzl, it wes



decided to eliminate the medium tack ink from the experi-

ment. The data from Table 4 has been graphed in Figure 11.
TABLE 4
TACK OF TEST INKS
(Grams / Meter)
Low Tack Medium Tack High Tack
Time Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
20 sec. 10.5 11.8 18.2  18.7 18.4 18.6
1 min. 10.2 11.3 18.0 18.2 18.1 18.3
2 min. 10.2 11.0 17.6 18.0 17.9 18.0
3 min. 10.2 11.9 17.5 18.0 17.3 17.9
4 min. 10.3 11.1 17.5 17.5 17.8 17.8
5 min. 10.5 11.3 17.3 17.2 17.8  17.9
6 min. 10.5 11.3 17.0 17.0 17.8 17.8
7 min. 190.5, 11.3 16.5 16.3 17.6 17.8
8 min. 10.6 11.3 15.9 14.0 17.6 17.7
9 min. 10.7  11.4 13.0 6.5 17.6  17.5
10 min. 1.0 11.5 7.0 3.5 17.5 17.6
The Plate

The driorraphic plate used was the Dry Flate manu-
factured by 3:i. A ten inch by fifteen inch plate was used.
The packaze of plates had an expiration date of January,
1974.

E During all phases of the experiment, the plate was
handled in accordance with the menufacturer's recommenda-

tions. It w=zs protectsd from scratching by using the
supplied rla2stic slirshest. It was also rrotsctzd from all

extraneous lirht and from extremnss of hect 3nd cold.
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To expose the plate, the vlastic slipsheet was re-
moved and the surface was sprayed with 3M's Silicone to
Prevent the negative from sticking to the slightly tacky
surface. The plate was placed in the printing frame and
covered with the flat containing the negatives. The nega-
tive wis placed in conizct with the pl=te, emulsion side to
plate emulsion. A gray sczle was also placed on the plste
to check the exposure. The vecuum was dmawn out of the
frame for a rslatively long period to sszure good contsct.

To make the exposure, a pulszd Xenon li~ht source
was used at a distance of Torty inchce from the plate.
Af$er a fifteen s2cond exposure, the image was slichtly
visible.

A 31 Dry Plate Developinz Pad was used for hand
development. It wasg found to work best if it was pre-—
moizster=d with the dasvelopzr. It wags also helrful to use a
clesr p=d for each pleate. For the first thirty to si=zty
seconds of develonnent, licnt rubbing wss all that was re—
guired. When the imnngs began to darken, the prassure ves
increas=zd for thz next four ainutes, or until the im:ige was
complctely davelonazdi. After dev:zlopment, the plite wis
rinssd with water and dried. The vlate wene thes slip-
sheeted with plasiic 2nd placed in a dark arca. One plate
wzs also cut into strivs to it the IZT.

£4-7,

During +the running of the expsrinznt, the tlate was
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handled cerefully to prevent scraichinz. To clean the

plate, a soft cloth was used with Dry Plate Imzge Cleaner.

.

Temperature and Humidity

The experiment was conducted on two seperate days
in the GARC laboratories. These laborstories were selected
partly because they are temperzture and humidity controlled.
The clirate control eguipment was not functioning properly,
however, durinz the period of the experimwent. Since these
factors could not be controlled, they were measured during
the experiment period. This means th=t the results of the
experiment are only valid unidsr thees me2sured conditions.
Durin< the IST section of the experiment, the tempsrszture
of the ink wes zlso recorded.

The room temperature was measured with a Taylor
Slinz Psychrorester. The ink temperaiure wes recorded =ith
e Centizrade thermometer =ttached to the mstal inking drum
of the IGT inkinzs mechaniswm. The measurenszrts were taken
at the beginning, middle, and end of the IGT experimtent,

and a2t the teginning 2rd end of the press experimernt. The

results of these mezsureraonts are recorded in Tabls 5.

Speeds
Most driographic printing is done and procadly will
bz done by sir=ll sheet fed presses. It was therefore de-

cide=3 that the rarze of speeds that would be used in the
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TABLE 5

TEVFERATURES ALD RELATIVE HUMIDITY

Room Temperature
Time* |Wet bulb|Dry bulb|Rel=tive Ink
humidity | tempsrature
of room
IGT b 66°F 73°F 61% 24.5°c 76.0°F
Experiment m 68°F 77°F 60/ 26.5°C 79.7°r
e 69°T 79.5°F| 58% 28.0°% 82.)°F
Press o 65°F 71°0 7 3i%
Exporiment e 62°F 73°F 5 3%

¥ b —— beginning of exveriment
n —— middle of experiment
e —— end of experiment
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experiment would be comparable to a small sheet fed press.
According to Mr. Daniels of GARC, a small Harris sheet fed
Press running at & top speed of 8000 impressions per hour
would be moving paper at the rate of 250 fest per minute.3
This speed fz2lls in the range of the IGT with the rendulum
drive and the ATF Chief 15.

Table 6 shows the relationship between the tsrgets
or step wedges, trz2ir diétance from the start of printins,
and the speed at each point in the IGT experiment. The
velocities are based on the use of the pendulum drive and
twenty kilograms of printing pressure. They were calculat-

ed using & sraph suprlied by IGT.4

TABLE 6

VELOZITY AT EACH TE3T TARGIT OK IGT STRIPS

Target number Kumber of inches Velocity in ft/min
from at 20 kg.
start of print

1 1/4 30

2 1 75

3 1 3/4 110

4 2 3/8 120

5 3 1/8 150

. 6 37/8 170
: 7 4 1/2 195
8 5 1/4 210

9 5 7/8 230

10 6 5/8 250

Borr *torscte on e=ch strip were used as the
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messured test tersots. Specifically,ﬁthe targets numbered
3y 5, 7, and 9 with respective velocities of 110, 150, 195,
and 230 feet per minute.

The speeds on the ATF Chief 15 press are not con-
tinuously adjustable between zero =nd top snpeed, but are
adjustzble to ten seprr~te speeds. The speeds zre set
using & levzr, notched 2t ten sep:r:te points, Ffound =zt the
side of the press. In order to set the press ¢t speeds
which approximeted those used on the IGT, velocity rezdings

q

were taken 2t esch notched poirt. A Hazsler Foot / iinute

-
1

Meter wos used to mzke these rezdirg. The speeds chosen

were 100, 169, 200, &nd 248 feet per minute.

Impression Fressures

In the IGT part of the experiment, 1o blarket weas
used for printing. The plate transferred its ink directly
to the p=2per. The amount of pressure between the plate &nd
the paper could bve directly ad usted on tne IGT by meens of
a smz21l lever on the side of the mechznism. After some in-
formal experitentation, it was decided thzt 2 pressure of
20 kilosrans censrclly zeve ths best print. This was made
the standzrd for the IGT part of the experiment.

The picking under the blanket and plate in the
press part of the exverimenti were meintzined £t the Chief
15 standorls. This f1lso seemed to give satisioctory vrint-

ta. ith these pressures as stenderds, it nag lelt

)

ed recsil
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that they could vbe eliminated =2s veriables in the experi-

ment.
Inking Pressures
The pressure between the ink roller and the plate
w2s considered critical and was one of the variables in the

experiment. On the IGT, this pressure wss relstively easy
to adjust by using the small krobs on the side of the mech-
anism. It was set at 5, 10, and 15 kilograms for the three
pressure levels of the experiment.

The pressure of the iring roller could rot be set
dircctly on the Chief 15: therefore, some indirect method
wos needed. PFirst, at each of the pressures used on the
IGT, the ink roller was allowed to drop or: & piece of pe-
per. By doing this, a stripe of irnk was obtained which
varied in width with the vressure. Then the pressure of
the ink roller on the plete of the Chief 15 was adjusted to
the point 2t which the ink stripe on the plate matched the
IGT ink stripe. It wes assumed at this point th:zt the

pressures 1uttched.

Test Frocedure

t The experiment w=s conducted in the laborztories of
GARC between June 22 and 26, 1973. The procedure that wes
followed wios brsed on published literature, advice of oual-

ified rersorrel, and the rese:trcher's own &nalysis.
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Before, during, and after the experiment, measure-
i
ments were taken of temperature and humidity. Precautions
were also taken to sssure .that no unforseen event would
affect the outcome. The room in which the tests were con-
ducted was relctively free of dust, offset sprays, solvents,
and other items which micht affect the ink or plate.

The IGT pzrt of the experiment wes conducted on one
day to prevent dazy to day varistions. To start, 0.6 cubic
centimeters of ink was placed on the inkings mechanism,
using the IGT ink pipette. The rollers were 2llowed to
revolve for eight minutes. The l=rge rubber roller w:s re-
versed v four minutes to =id in ink distribution. At
eight minutes, the sm2ll rubber inking roller was broucht
into contact to be "inked up" for = period of ore znd one-
ha1f minutes. The small rubber inking roller was immedi-
ately removed and placed on the printing mechanism to "ink
up" the plate. At this point, the temperature of the ink
was receraad.

The printing mechaiism used in the test hs=d & pen-
dulum drive and one spindle for the printins wheel. The
following discussion refers to Fizure 12. The letters in
pérentheses are indiceted in that fipure. The vrinting
mechaniss h=2d been previously prep=red for the test. A
plate h=d been cut into the cppropriste lencth and =idth to

fit on the vvrirtins sector (b). It was placed in the
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gsector so that target one would be one-fourth inch away
from the start of printins. It was securely attached and
drawn tautly over the sector. The plestic slipsheet was
left in plece during this period. The free stroke between
the wheel and sector was set to ten kilosrasms (g,h). After
removing the slipsheet, the plate was ipnitislly inked by a
finger tap method, essentially transferrine ink from finger
tip to plate imagce area by rapid t@pping: Then the irked
ruober roller wazs mlaced on the vrintin~ mechanisn (c).

The impression lever (f) wa2s tlzced in the on or forward
position snd the rlzte bearirc vrinting sector was rotated
by hand &t 2 relatively constant speed for tern revoluticrns.
The purpcse of this was to evenly distribute the layer of
ink 2nd to remove excess ink Irom the backeround of the
plate. An impression on pzper was then taken to deter:ire
whether the ink was evenly distributed. The pressure was
re-set 2t five itilograms. The rlate was then re-inkei by
one turn of the sector against & newly inked wheel. The
inkine wheel was then returned to the inking mech nism.

The imprescion lever wis set 2% the off rosition.

The ink pipette was used to add an addition=1 0.039
cubic centimeters of ink to the mechsnism. This amount of
ink was adied zfter every two inkincs during the experi-
ment. The ink wis given sufficient tite te be distriuvutesd,

at least three minutes, and then the inking wheel was
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.

Placed in position to be re-inked. It was re-inked each
time at least one and one-half minutes and not more than
four minutes. .

A strip of the test paper had been previously at-
tached to a second rubber wheel, of the same diameter as
the inking wheel, with a small piece of double backed ture.
The paper was attached with the srvin running around the
wheel, comrmonly known as grain short. Aq attempt was made
to keep the wire side up, but this was not considered crit-
ical.

The pressure on the printincs mechanism was thea re-
set 3t the standard rrinting pressure of twenty izilocrams.
The paper wheel was rotated so that the lend edge of the
paper lined up with the leading verd in the plate. The
impressiorn lever wes put in the on position &nd a print was
taken. The impression wes relszsed and the papsr renmov:d.

The above procedure was followed for ezch of the
pressure settin-s of 5, 10, and 15 kilograms and for both
the low and hish tack ink. The pl=ate was not cleaned or
otherwiss touched durins vressure adjustme:rt. When the
ink tack wes changed, the rlate was cleaned with Dry Plate
Cieaner and 2 soft, lint-frce cloth. This procedure kept
scratching to & minimum on the plate surface.

The port of the experiment whkich involved the use

of = vress wzs 21so conducted on one day in order to
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eliminate day to day variations within each part. The
pbress was located in the same laboratory as the IGT eouip-
ment. The temperature and,humidity readings were taken
during the experiment, as indicated in Table 5.

The specifications of the ATPF Chief 15 were exam-
ined to determire appropriate plate caliper, plate packing,
and blanket packing. The speed of the press at various
points w=s then read, using & Hasler Fooq / Minute Meter.

The press was "made-ready" to print 2n eight and
one-half by elever: inch sheet of the Mead Moisitrite ¥%ove
Offset paper. The dampering system was disengzaced, the
correct cacking was pleced urnder trhe blanket, and = Dry
letg, includine its plastic slipshe=t, w2s placed on the
vlate cylinder with the correct packing.

The ink fountain w=s then loaded with the lower
tack ink ond the pressz wes allowed to run so that the ink
would be thorou-nly distributed in the ink train. The ink
form rollers were then sdjusted to match the irkin~ vres-—

sures used in the IGT experiisernt. The strive left by the

)

form roller === csade to o2itch ths stripe leit oy the IZU
inkxing roller at various preszurcs. The adjiustmznt wos
made by turaning the two screws on the ends of the form

roller until the stripes matched. The adiustient was mode
three times in order to match the three levels of pressure.

The pre=ss woo then storted and the form rollers
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were dropped. The plate "inked up" ouickly. Several
sheets of pzper were printed to complete the "make-ready."

The experiment was then becun, picking the pre-set
Pressures and_speads at random. In order to avoid constant
press "wash-ups," the press runs at each level of ink tack
were run together. After the twelve runs at the lower ink
tack were completed, the press was "washed-up" and the
higher ink tack was substituted. The sapge plate was used
throughout the experiment. It weas cleaned with Dry Plate
Cleaner when the ink was changed to ths higher tack.

The resultant prints from toth the IGT and press
sections of the experiment wers csrefully marked, sepa-—
rated, and storsd. The readings of dersity were iutde in

both cases three days after their respective rrintings.
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POOTNOTES FOR CHAPIPER IV

lGretag ~— RIT Color Control System, Gretag Pam-
phlet CCS 10 (Switzerland: Gretzs Instruments, 1970).

2The IGT Spring Drive Device, IGT Informzation Leaf-
let A7 (Amsterdam, Hollend: Resezrch Institute for the
Printing and Allied Industries, June, 1965).

3Chester Daniels, GARC, Personal Interview,
Rochester, N.Y., June, 1973.

4IGT Spring Drive Device, p 1.
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CHAPTER V

ANALYSIS

Several statistical assumptions were mede in this
experiment. One was that the szmple was taken randomly
from the population and therefore was reéresentative of it.
An assumvtion was made that the population consizted of a@ll
IGT Printebility Testers and all ATF Chief 15 presses which
can be run under the same conditions of temperature, humid-
ity, speed, pressure, and other varizbles. It was essumed
th=t the cvopulstion was norzal in the distribution of the
results of treatment combinations. because there was no
vay to estimzte it, error was counsidered to be independsnt
of the levels a2t which the exvezriment was run.

The basic data for sll phases of the analysis wvere

the density reaiings of various tzrgets znd non—~insse arezs

0]

as fescribz2d in Fizure 7. These densities vere read using
a Macbeth D 100 reflection densitometer. The readings
were teken holding density reading base, densitometer head
orientatiocr, calibration, and ink drying time constant.

The data were arranced in stzndard order tzbles, as

. . . . . 1 ., o
described in Stotiztics: An Introduction. The first col-

unn in the table identifies the various levels of each
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factor used in the treatment combination. This identifi-
cation is 2 three digit number. The first digit indicates
the ink tack level -- low (1), or high (2). The second in-
dicates the inking pressure level —-- low (1), medium (2),
or high (3). The third di~it indicates the printing speed
in feet ver minute -- 110 (1), 159 (2), 195 (3), or 230
(4). The main columns of the table are the densities or
ratios for each replicate of the experimept.

Tables 7 and 8 give the absolute densities of the
non-image are2 in the IGT and press experiments respective-
ly. The ratio of s0lid to tone z2rea in the IGT exveriment
1s shown in Table 9. This same ratio in the press experi-
ment is found in Table 10. The aversge density recorded
for the non-image area in the IGT experiment was .032 with
a standard deviation of .0018. The average in the press
experiment wes .024 with a standard deviation of .0401.

The distributions are, however, cuite skewed, which can be
shown by the value of the mode. The mode for the IGT den-
sities is zero and for the press densities is .0l1.

In order to deternine which method of recording
toning, abgolute densities or ratios, gove the greatest
similarity between the ICGT and the press experiment, & cor-
relation study w2s made. The corrclation method followsd
that descrirted by Rickrers and Todd.2 It wazs decided to

accept an 2lvha (&) risk of 0.05 in the results. Averzze
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ABSOLUTE DELSITIRZS IN NON-IWAGE AREA IN IGT EXPERIMENT
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Treatment

combinztion a b c d e
111 .05 .04 .03 .04 .04
211 .00 .00 .00 .02 . DD
121 .08 .07 .07 .06 .06
221 .01 .01 .01 .J1 .01
131 .14 .10 .10 .11 .14
231 .02 .00 .01 .01 + U1
112 .04 .03 .02 .03 .03
212 .01 .00 .01 .01 .01
122 .07 .06 .07 .06 .07
222 .01 .01 .1 . J0 .01
132 .28 . )9 .10 .09 .07
232 .01 .00 .01 .00 .02
113 -03 .02 .01 .02 .03
213 .01 .00 .00 .01 .02
123 .04 .05 .05 .05 .06
223 .00 .02 .DJ05 .01 .01
133 .0z .05 .08 .09 .06
233 .02 .00 .01 .01 .01
114 .02 .02 .01 .02 .02
214 .01 .00 .01 .01 .2
124 .04 .03 .04 .04 .05
224 .01 .01 .01 .01 .01
134 .08 .04 .08 .08 .06
234 .02 .00 .01 .J1 .01
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TABLE 8
ABSOLUTE DILSITISES IK NON-IMAGE AREA IN PRESS EXPERIMENT
Treatment

combination a b o) d e
111 .12 .10 .10 .10 .09
211 .00 . D0 N .00 .0D
121 .10 .Oo .09 .08 .08
221 .00 .09 .0 .00 .01
131 .03 .04 .04 .01 .04
231 .0D .00 .01 .02 . 2
112 .19 .20 .22 .18 .13
212 .02 .J0 .04 .03 .02
122 .01 . 2 .04 .0z .0D
222 DD .00 .00 .01 .0)
132 .01 .01 .02 .01 .01
232 .02 .00 .00 AN .00
113 .04 .03 .04 .04 .03
213 .00 LY .0 . 0D .00
123 .01 .0 .01 .01 .0D
223 .00 .0 -0 .30 .00
133 .02 .02 .02 .02 .01
233 e D .01 .00 . J1 .01
114 .05 .03 .04 .04 .05
214 .00 .00 .20 0N .0
124 .20 O] e D) .0D .00
224 .00 .00 .00 .00 .00
134 .JQ N .00 .09 .0
234 .09 .0J O] 0D .00




TABLE O
RATIO OF SOLID TO TOEE AREA I IGT EAFERTEEET

Treatment
combinstion a b c a e
111 .78 .95 .84 .87 .81
211 .71 .62 15 .76 .70
121 .81 .82 1.00 .92 .87
221 .70 .65 .64 .83 .00
131 .80 .80 .94 .91 .55
231 .61 .63 .69 .70 .82
112 .81 1.00 .73 .90 .89
212 17 .79 .91 .81 .85
122 .86 .87 .88 .94 1.02
222 .82 .87 LT .88 .68
132 .94 .98 .98 1.02 .82
232 .71 . 96 .91 .88 .78
113 084 093 099 096 095
213 .64 .85 .83 1.00 1.03
123 .55 .96 .99 .94 1.00
223 .75 .89 .84 .91 .79
133 .97 .92 1.07 . 99 .97
233 ST .89 .86 .82 . S6
114 .89 .88 .86 .96 .95
214 .73 .96 .91 1.02 .34
124 .89 1.00 . 86 .97 .89
224 .79 1.00 .81 .91 .92
134 .84 .94 .88 1.01 .95
234 .71 1.00 .86 .93 .84




TABRLE 10

RATIO OF SOLID IC TONE AREA IN PRESS EXPERINENT
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Treatment
compination a b c d e
111 .93 .92 .89 .93 .90
211 .71 .81 .83 T .83
121 .87 .89 .85 .88 .88
221 .72 .84 .73 .72 .87
131 .91 .90 .91 .85 .86
231 69 .73 .o8 .71 .81
112 .94 .96 .96 .38 .99
212 .76 .78 .73 .79 .84
122 .83 .81 .82 .83 <17
222 .78 .75 .82 .82 .91
132 .89 .92 .87 .92 .88
232 68 .71 .69 .75 .85
113 .87 .91 .87 .90 .88
213 .88 .72 LTl .70 .81
123 .85 .93 .79 .04 .78
223 .76 .72 .73 .72 .79
133 .85 .84 .84 .83 .91
233 .82 .74 73 .78 .79
114 .84 .86 .80 .81 .95
214 .67 .67 .67 e .70
124 .80 .82 .78 .91 .84
224 .75 .69 .79 .72 2
134 .76 .71 .16 .75 .86
234 .78 .69 .68 .70 .73
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values from each experiment level were used, which meant
that there were twenty-four pairs of aversges for each cor-
relation study. The coefficient of correl=ztion (r) was
calculated usinr the following formula:3

S(x -F)(y - 7)
vV Six - TSy - F)°

Using twenty-four pairs as the sample size, the value of r

had to exceed .4227 in each correlation e=lculstion in
order for that correlction to oce significant.4 The v=lues
of r »re shown in Tsble 11 for the various corririsons

msde.

TABLE 11

COEFFICIZLTS COF ZORRELETION (r)

Comparison r
IGT rztio ves. press ratio .314
IGT 2bsolute vs. press absolute 175
Press ratio ve. press absoluste .T37
IGT ratio vs. IGT absolute :533

The correl=tiong are significant when coupiring

different messuring technicues on the same printing mechi-
4

nism. They 2zre ingigrificant when cowpsiring the two dil-

’J

ferent zrintins mwechurisms. It should be considered, how-
ever, th:t the twenty-four rver:cges used 2s the =2munle rer—

resent 120 tonins dcrnczitics. Therefore, a lower



correlation might ve accepted as being siznificant.
In order to get a general idea of how the speeds,

tacks,

]

nd pressures used in the exveriment affected tre
amount of toning, the relationships were srivhicelly plot-
ted using absolute dzia. In order to plot the effects of
two of the three variznles on 2 gravh, the amount of toning
connected with the third veria:le, either speed, tack, or
bressure, was sumrned for each treat.ent comvination of the
two varizbles being plotted.

Generally, it was found th=t the a2mount of toning
decreased as tack incressed for ezch of the levels of speed

and pressure. This is shown in Ficures 13 through 16.

120 F
a = 110 ft/min
130 F b = 150
. c = 195
Toning °0 d =230
denzity 50 |
40
20
o k
low hich
Teck
L Ficure 13

Absolute values of Toning =s & Function of Tack &t Various
Levels of Speed on the Press
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120 F
a = 110 ft/min
100 b = 150
c = 195
80 d = 230
Toning 60 I
density
40 F
20 f
0 | \
low high
Tack *

Figure 14

Absolute Values of Toning as a Function of Tack at Various
Levels of Speed on the IGT

180 F
160 F
140 F a =5 kg of pres-
sure
120 b = 10 kg
c = 15 kg
100
Toning
density 80 r
60 }
40
20
. 0 ‘ 1
‘ 1OV\' hi .-C_Z_h
Tack

Figure 15

Absolute Values of Toning as a Function of Tack at Various
Levels of Fressure on the Frecs
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180 |

160 P = 5 kg of pressure
= 10 kg

140 F ' = 15 kg

120 p

100 F

Toning
density 80

60 P
40 |- .
20 P
0 i i
low high
Tack

Figure 16
Absolute Values of Toning a&s a Function of Tack at Verious
Levels of Pressure on the IGT

The amount of toning was found to be relatively
unaffected by speed or pressure changes when using the hich
tack ink. When using the low tack ink, increases in spead
lowered thzs amount of toning on both the press and the IGT.
Increases in vnressure, using the low tack ink, h=2d obvosite
effects on the press and IGY. This result wss not exrected
and can perhnps be exvleined by the dynsmic rollinz condi-
tions on a press 2s oprosged to the IGT. The results are
shown graphically in Figures 17 and 18.

As speed wes increased, the zmount of toning gener-

2lly decre:s=i. This con be sesn in Figuarse 15 =nd in
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110 - — IGT
100 F .
—= = Fress
80 I ~~low tack
60 \
Toning v— low tack
density 40 \
No
20 = hlgh ~\ \~~~
- N e ™ e e
o b o =<high~=~._____
{ i 1 1

110 150 195 230
Speed —— ft/min

Figure 17

Absolute Values of Toning as a Function of Speed at Various
Levels of Tack on Both the IGT and the Fress

180 F
160 b
- =-=Fress
140 b — IGT
120 -~-low tack
100 F
Toning
density "800 F
60 F
40
20 F -
TS saao--=="_high tack
Of 1 \ 1 )
P 5 10 15
Pressure —— kg

Ficure 18

Absolute Velues of Tonine as a Function of Pressurg at
Verious Levels of Tack on Both the I-T and The Iress
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figures 19 and 20 below.

100 p a = 5 kg pressure
. b = 10 kg pressure
80 | c, ¢ = 15 kg pressure
\
Toning 60 I b ‘
density N
40 B a_\—s \
\\
20 >
o -
| [ 1 K|
110 150 * 195 230

Spced -- ft/min
Fizure 19

Absolute Values of Toning as & Funciion of Sveed at Various
Levels of Pressure on the IGT

100 p a = 5 k& pressure
- b = 10 kg
80 + = c = 15 kg
60 |
40_7‘ b‘\
20. c \
OFp —mmo,
[ { ] 3

110 1590 195 230
Speed —— ft/min

Figzure 20
ibsolute Values of Toning 2s & Function of Speed a1t Various
¢ Levels of Fressure on the Fress
Ag pressure was increcsed, the amount of toning
decrceses on the press but increased on the IGT. This re-

laticnshir is showrn ir Ficures 16, 21, and 22.



100
80

Toning 60

density 40

20

110 ft/min
150 ft/min
195 ft/min
230 ft/min

o0 c®

Y

Pressure -~ kg

Figure 21

Absolute Values of Toning as a Function of Pressure
Various Levels of Speed on the Fress

100

80
Toning 60
density

40

20

:

a = 110 ft/min
b = 150 ft/min
c = 195 it/min

] i 1

5 10 15
FPressure -— kg

Ficure 22
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Absolute Values of Toninsg as a Functior of Prescsure 2t
Various Levels of Speed on the IGT

¢ In order to determine if there was 2 stutistically

significant differerce Letween the v2rious levels of dir-

ferent factors, @ paired coaparison test was periored.

=
This test followed the outline given »y Riclmers znl Todd.~”

Using the five replicates of the exmeriment Tor esch level
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being compared, the following test statistic was computed:
d .

ﬂsd VE

In the above equation, d represents the average difference

between the levels. The standard deviation of the differ-
ences is represented by Sq° The number of pairs of data is
fepresented by n.

Since in all cases there were five pairs of zarbi-
trarily chosen data involved, the value of tv had to exceed
the critical value of 2.78.6 Table 12 shows the calculated
tv value and its significance for each of the paired coin~-
parisons. Absolute density readings were used in these
cazlcul=tions. 1In most cases, the paired comparison tests
confirmed whot was shown in the sraphicsl snalysis of the
absolute datza.

A grapniczl analysis of the ratio values was made
in order to cowpsra them with the absolute values. These
graphs are shows in Fisures 23 through 32.

To determine if any particulsr Iector or combi.o-
tion of factors hai & sigrnificzant alfect on the smount of
toning, an angélysis of varionce (ANOVA) wis performed. An
aﬁélysis was performed for the 2bsolute and ratio datz for
both the press and the IZT. The results are presented in
Tables 13 throuch 16. All calculstions wvere made using
7

the Yates mwothod of srnlveis. The critical viluves of
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TABLE 12

FINAL RESULTS OF PiIRED COWPARISCLK TESTS
USIKG ABSOLUTE DERSITY VALUES

Paired Compsrison Results
Compared Controlled IGT Fress
levels levels
tv Analysis tv Analysis
110 vs 195 lo tack 0.004} toning 1 16.50)| toning T
ft/min lo pre as as
speed |, speed J
110 vs 195 lo tack 2.33)|n.d. 25.8190] toning 4
ft/min med pre as
speed
110 vs 195 lo tack 3.940] toning® 2.220| n.d.
ft/min hi pre as
speed |,
110 vs 1595 hi tack - 0.7%)|n.4. 0.020| n.d.
£t/ rin lo pre
110 vs 195 hi tack 0.030In.d. 1.2320I n.d.
ft/min med rre
110 vs 195 ni tack 0.030}n.d. 1.020} n.d.
ft/min hi pre
hi vs lo 150 ft/min| 5.882| toring§ 10.529| toning 4
tz2ck lo pre as as
tack |} tack
hj vs lo 150 ft/min| 29.080| toninzf 2.350n.d.
tack ned pre as
ack $
hi vs lo 150 £t/min| 9.940| tonirn ] 6.000| toning 4
tack hi pre as as
tack ¢ tack
i




TABLE 12 == Continued

T2

Paired Comparison Results
Compared Controlled IGT Press
levels levels
fv Analysis tv Analysis
hi vs lo 230 ft/min| 2.140|n.d. 11. 350} toning 4
tack lo pre as
. tack |},
hi vs lo 230 ft/min 8.710 toning 0.000| n.qd.
tack med pre as
tack
hi vs lo 230 ft/min}] 9.960| toninef 0.000| n.d.
tack hi pre as
tack |,
hi vs lo 150 ft/min|- 8.750] toningf 12.3790} toninz 4
pre lo tzck as as
pre 1 pre J
hi vs lo 150 f£t/min| 0.000f n.d. 3.270) toning 4
rre hi t=ck as
TTe Jl
hi vs 1lo 230 ft/min|~ 3.350] toning4 11.350| toninz ¢
pre lo tack as s
Pre N pre 1,
hi vs lo 230 f+t/min 0.920 n.4. 0.020} n.d.
pre hi tack
Key:
© 1lo —— low
hi —- hizh
med —-- medium
pre —-- pressure
¢ —— 1increasec
$ —— decreaseg
n.d. -=— no sigzniricant difference between compared

- L0
lavels
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14.0
13.5
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Toning 12.5
density 12.0
11.5
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Ratio Values of Toning
Levels of
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13.5

13.0

Toning 12.5
density 12.0
11.5
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10.5

12.0

M 0

Ratio Vzlues of Tonins
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110 ft/min
150
195
230

Figure 23

as 2 Function of Tack =t Various
Spezd on the Press

R a2 = 110 ft/min
b = 150

B c = 195

. d = 230

Figure 24

s = Punction of Taclk at Various

Levels of Spesd on the IGT



19.0
18.5
18.0
17-5
17.0
16.5
16.0
15.5
15.0
14.5

Toning
density

Ratio Values of Toning
Levels of

138.0
18.5
18.0
17-5

Toninz
density 16-.5

Ratio Values of Tonings
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5 kg pressure
10 kg
15 kg

nunun

low high
tack

Figure 25

s a Function of Tack at Verious
Fressure on the Fress

5 kz pressure
10
15

i A

lo W hi g'h

tack

Figure 26

as g Function of Tack at Various

Levels of Frecsure on the 15T
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density 12.0
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low

IGT ———
Fress e e w-—

*

]
110 159 195 239

Speed —-- ft/min

Figure 27

Function of Speed at Different

Levels of Tack on Both the IGT and the fress

19.0

18.5

18.0

17.5

17.0

Toning 16.5
density 16.9
15.5

15.0

14.5

0

Ratio Values of Tonins as
Trekx on Both ths IGT a2nd The Fress

Different Levels of

5 190 15

ressure -- kg
re 28

a Function of Fressure &t
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574 |
Ni.2 b
9.0 P
8.8 b
8.6 I
Toning 8.4 L
density 8.0 }
8.0 P
7.8 F
7.6 F
T.4 |
o -

| ) ! \
110 150 145 230
speed — ft/min

Figure 29

Ratio Values of Toning as a Function of Speed at Various
Levels of Fressure on the IGT

9.4 [ :
9.2 | i z goﬁigpreSuure
9.0 c = 15 ke
5.8
8.6 |
Toning 8.4 |
density 8.0 L
.0 P
7.8 F
7.6 F
'. T4 }
O } j | ]
119 159 195 230
speed -- ft/min
Fisure 30
Ratio Valusz of Tonins =s & Ffunction of Spesed =t Vorious
Levels of Frescure on the lIrezis



9.4 } a& = 110 ft/min
b = 150
3.2 F c =19
900 ™~ d = 230
8.8 F
8.6 -
Toning 8.4 |
density 5.0 L
8.0 p
708 -
7.6 }F --=—-d
T-4
O I' [} 1
5 10 15
pressure —- kg
Figure 31

Ratio Values of Toning s a Function of Pressure at
Various lLevels of Sreed on the Fress

a2 = 110
2.4 ft/nin
- c = 195
9.0 s-=4 g 223
8.8 B --—b
8.6 |
Toning B
density 8.4
8.2 o
8-0 o A—_a
7-8 ™
7.6 F
7.4 F
O o L L 1
5 1¢ 15
pressure -- kg

Ficgure 32

Ratio V2lues of Toning As a Function of Fressure at
Vorious Levels of Speed oz thz IGT
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TABLE 13
AKOVA
GT ABSOLUTE DENSITY READINGS
Source SS -~ s F
Main effects
A Linear .0691 1 .0691 691%
Py 319 .05 =
) 3.92
B Linear .0185} f} .0185} 93%
: ~95 L 9186 o |-9180h hog3 |
a < . \ I8] A -
Quadratic 0000 1 . D000 £2 119 .05
3.07
C Linear .0043)] 1 .0043] 14%
Quadratic | .0001p.0044 | 1p 3 |.0001p.0014 | Py 174 o, =
Cubic .0000) 1 .0000 3 -2
- 2.68
Two-fector
intersctions
- - -
4By 0162 1 .0162 81%
AT rd o~ s —
Ay, 00000162 [ 1P 2 | 5900081 | s 119 Lo5=
815 2 4
3.07
'hlcl . 0056 7] . 0056 1G¥%
acdalc, .0001b.0057 | 1b 3 |.0001p.0019| ¥'3 119 .05 =
alc, . 0002} 1 . 0099 2.6
by -/
Fﬁlcl .0007) 1 . 0007
B,Cq .0000 1 0002
B,C, 0001 il |.oo01 1 NS
“O¢BZC2 c0701P 9272 | 1 © |.0501[ 999 | 6 119 05
B Cy 0200 1 L0099 2.17
5,05 . 0099) 1 . 0000
Three~f2ctor - —
interaction cO007L  Amar &) D001 :
Error .ooaé}'°397 96 192 Lodopfe 00t
Total 1246 119
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TABLE 13 —-- Contirued
Key (to be used for. Pables 13, 14, 15, and 16):
Source = source of variance

Types of sources:
A = effects of tack
B = effects of pressure
C = effects of speed
The subscript to each source letter indicates the type
of interaction -—-
1 = linezr relationship
guedrrtic relationshivp
cubic relationship

N
I

5SS = sums of sruares
V = degrees of freedom

NS = mezn scuare

P = F test
The first number in this column is the calculated velue.
The secoinZ numver indicztes the table vslue of F.

The subscripts to the F incicate the number of degrees
of freedom for & two tailed test and the zlpha risk in-
volved.
The symbols next to the calculated F value mean —-

® = gignificant

4

ES = not sigrificent



TABLE 14

ANOVA

PRESS ABSCLUTE DEKS3ITY READINGS

Source S5 A MS F
Main effects
A Linear .0520 1 .0691 345.5%
Fy 119 .05 ©
X 3.92
B Linear .0288 1 .0288 83.5%
Quadratic | .0046["0334 ;} 2 .oo4é}”0167 F, 115 .05 =
3.07
C Lineesr .0256] 1 . 0256 49.5%
Quadrstic | .0001p.0297 | 1p 3 |.0001p.0099 | F3 179 o5 =
Cubic .0040] 1 . D040 5 68
Two~-factor
interactions
TAlBl .0266] 1 .0266] 72.5%
4 > < » =
“Ba B, 002400290 | 17 2 | o024 012 | 2 119 .05
L - - 3.07
7,04 .0190] 1] .0190] 35, 0%
A0{4,C, 0500k.0211 | 1b 3 |.0000p.0070 | ¥3 119 éos =
Al ,0021 1 .0021 2.6
L.l 3 ) ek —
?%pl .0038 1] .38
B,Cq .0204 1 . 0004
B, C,, L0036 1 L0036 11%9.3% _
=0 >. 0357 b 6 | . P.0055 | P, .05
B2C2 . 0060 1 . 3060 6 5.17
ERN L0171 1 0171
‘ LO0DA8
| B,C .0048 1 48
Three~factor — _ ooj*
interaction L0205 Aox 6lq Aol +0934] 4995
nter .)05L>.9256 9@’19? ) .00z
Totnl L0065 119
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TABLE 15
ANQVA
IGT RATIQ VALUES
Source SS “+ MS F
Main effects
A Linesr .2660 1 L2667 42, 9%
1 119 .05 T
3.92
B Linear L0051 1] 0051} 42 TS
. 2A5 P 0052 > 2 [ A . 0026 | 4 : =
Quadratic | .0001 1 .0001 Fy 119 .05 =
3.07
C Linear 2162 1] .2162 14.23%
Cuadr=tic . 0484 p.2646 1p 3 [.0484}.0382 F3 119 .05 =
Cubic . 0200 1 . 0000 ¢
- _ 2.68
Two-factor
interactions
43, L0162 1] L0162 1.43 NS
n P = o —
AN, L0016 [*O175 | 17 2 |.o016[* 0289 | F2 119 .05 =
172 - o
3.07
F'A C — - e
171 . 0562 1 . 0562 3.71%
AG AIC2 -0001p. 0650 1P 3 1.0001p.023D FB 119_.05 =
4,C, .0127] 1 0127, 2.68
2,2, L0021 il .0021
BZCl . 0016 1 . 0016
2 F1C5 200208 5193 | 1h g |+9959b 9595 | .52 1S
B2C2 . 0062 1 . 0062 “6 119 .05
_ . 2.17
| BqCy . 0014 1 L0014
'_5203 .OO@% %f .OOO%
Three-factor -
interaction L0019 6 . 0003
Error .6352p- 0371 9%}132 .006é}'0062
Total 1.2790 119




TABLE 16

ANOVA
FRESS RATIO VALUES

source SS A~ M5 »
Main effects
A Tinear .360% 1 .3608 186 . 94%
F) 119 .05
3,92
-
B Linear .0248], f} .0245} 7.56%
‘ L { 0293 | Th 2 .0146 | - ~
Cuadratic ’0345. 1 . 0045 P2 119 .05 =
3.07
C Linear .2511] 1 L0511 19,27
Quadratic | -0505p.1117 | 1p 3 [.0504p.0372 | Py 11y o5 =
Cubic .010%_ 1 .0102 > 6é
Two-factor
interactions
A8, .Jadél 1] . 068 9.64%
¥ - kN > 8 =
49 4B, .0306 [ 9372 | 1 2 |.0306[" 71 | F2 119 .05 =
o - 3.07
~A101 .0027] 1] .0027] .81 1S
A 2.C, .0016P.0047 | 1P 3 |.0016p.0016 | ¥3 119 .05 T
. - 2.653
4105 L0324 1| - 004
B,Cy .0035] 7] 0030
3,09 .0118 1 D118
E.C A R %
e 3102 L0900k 5596 | T 6 | -9979. 0086 ] 3.47 i
“oYo .2990 1 L0970 6 119 .05
3105 L0921 1 o031 2.17
Is.c .
P23 .0217| 1] L0217,
Three-factor - -
interaction . D455 o 610t + 92751 ~o19
Error -1522[ 977 9-6}132 L0016 PV
Total .7810 11
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were determined using an alpha () risk of .05 and a sam-
ple size of 120.

The AKOVA for the press absolute densities shows
that the individuol factors and the two-factor interactions
are significant. A summsry of the results of the four

AlIOVAs cen be seen in Table 17.

TABLE 17

SIGRIFICAKCE OF FACTCRS ARD INTERACTIOLS
AS SHOWR IN THE ANOVAS

Factors and Press IGT Press IGT

Interzctions Absolute Absolute Ratio Ratio
i * % ¥% A
AB * * * IS
AC * * S *
BC * S * 3

¥ Significant NS ot Significant

In three of the ALGVAs, all of the fazctors were

significant and two out of the three interzctions were sig-

=

i

icant. This meagns that the results belng observed vere

=

0]

ignificantly =affected by the factors being varied and
t&eir inter~ctions. This weas not a fractional factoriszl
experiment to find =211 the significant factors affecting
toning, but, it is felt, that some of those factors not
gtudied were controlled. Thigs means that the error =sso-

ciwted wiitir the untssted factors was kept to & minimumn.



FOOTNOTES FOR CHAFTER V

LAlvert D. Rickmers end Hollis . Todd, Statistics:

An Introduction, (Lew York: McGraw-Hill Eook Company, 1967)
p321l.

°Tbid. pp 264 - 270.

3Ibid. p 266.
4_I_p__i_gl_. p 563.
°Ibid. pp 87, 88.
®Ivia. p 553.

TIpid. pp 523 - 525.
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CHAPTER VI

CORCLUSIOL

One of the first conclusions reached in this study
wes that making an analysis of toning based on ratio vzlues
wirs not satisfactory. Much thousht had.gone into the de-—
sign of the ratio en=2lysis. It was felt that the r=tios
would help to mathemztically eliminste some of the extrane-
ous varisbles which might hsve z2n afiect on the smount of
toning. These extraneous v:rizbles include such thinss as
misting, slur, humidity, ink flow proparties, solvents
used, irk chemistry, penetrstion problers, etc. Recordirs
the effects of toring in a2 tint zres should show the densi-
ty veriztions causel by toninz in various tint bLlocks. The
density value of o tint is very critical in cuslity print-
ine., It seems, however, in sralvzing the dstas that the
retios hove rescorded the pure effects of torins plus the
effects of the extraneous variables.

. The 2nalysis of varisnce (ANOVA) of IGT retio
velues show:d th>t half of the siy fectors and their inter-
actions were not significant. This did not comvare well

with the results of the ALCVAs performed for the othor ex-—

periments. The ANOVA of press rstio values and the alCVas



86

of press and IGT absolute density readings showed that
most of the factors and their interzciions were signifi-
cant. These results can be seen in Table 17.

A visuel compzrison between the graphical plots of
toning for each treztment combinztion wes made. Perticular
attention wss pzid to the compsrison between ratio 2nd
absolute methods of recording. After studyire the graphs,
it was decided thst unrel=sted results were being compscred.
In several cases, the results in absolute values plotted
opposite to thzt of rstio values. This dissimilsrity ca
be seen in the compsrison of Figures 17 and 27, 18 and 28,
19 and 29, 20 and 30, 21 ©nd 31, znd 22 snd 32. The pzired
comparison tests of rztio and =bsolute values showved &
similur relstionship.

The correlstion between ‘the press and IGT rstio
values wos higher than the correlotions ol absolute values.
This can be seen in Table 11. NIeither correlztion w:s
significant ¢nd therefore little veisnt shoulcd be placed on
their imrortence. FEowever, & psrtiel explszrstion of the
higsher correlztion with the r=tio values misht be the

grester revroducibility of other factors affectinc the

-

densitiec of the olocks medsured.
The IGT gives control over many of the factors that
affect torirs, such =s pressures, speeds, ink filn tlick-
A ~

ness, etc. A wrintin~ rress, however, £dds other Toctors

to the equitior for tonireg. Suvuch thincz ogs conztertly
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.

moving ink train, fester movins ink tr2in, hirsher and
faster heat build-up in ink train, greater surface areas
covered, less precise ink film thickness control, less

'
Precise prescure control, etc. all hove an effect on
toning. Since neither the IGT nor the press allows the
experimenter to control thazse f-ctors, the IGT cannot be
considered the periect oredictor of toning on & press.
| The first hypothesis in this study was thzt as ink
tack decreasss, the smount of background toning on & drio-—
gravhic vlate incresses. This hypothesis was demonsitrzted
to be true in the graphical anslysis of Figure 13, 14, 15,
and 16. Since the relztiorship w»=s s0 cle=zr in the grevhi-
czl anzlysis, it w=s decided trzt a stztisticsl proof w=s
not needed.

Another hypothesis wzs thzt ss ink roller to »nl=te
pressure increases, the amount of tonins increases. The
expverimental results of this reletionship were plotted in
Pisures 18, 21, and 22. These results were not corclusive
in either provine or disrroving the hypothesis. It ap-
pesred thzt the level of tonirg, when -ressure ves varieid,
was auite devendent on the ink tzck lesvel. Fressure
changes had 1ittle effect on tornins when a hich t=ck ink
weg used. when & low ink taclk was used, lovwevsr, there
vere fra2t chonzes in tonirz when the pressvre wes viried.
These ch2n~e=z went in oppozite Jirections ox the press end

the IGL.
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The amount of toning increazased with pressure at
various speed levels on the IGT (Figure 21). On the press,
the amount of toning decressed 2s pressure wes increesed at
various levels of speed (Figure 22). This difference in
relationships was one of the factors which made it clesr
that the IGT and the press were being affected by more fac-
tors then tack, pressure, and speed.

The finsl hypothesis was that ag printins speed
increases, the amount of toning incresses. Fizures 17, 19,
and 20 illustr=te the sctuval experimental results of this
relationship. In ©ll1 cases, the results 2rzs directly or-
posed to the hypotheses, which should thererore be consid-
ered felse. An interesting phenomenon shown by the graiph
of the relztionship between speed and toning @t verious
tack levels is that when s hish tack ink wos used, speed
chenges hzd little affect or the amount of tominz. A low
tack ink produced decrezses in tonint as the speed in -
cressed. At various levels of pressure, speed 1ncrezses
also ctused decreasss in toning.

If a mezsurement of toning is desired, that mes-—
sureneirt should te wide directly in the non-imége urea.
A%tempting to messure torinc irn & tirt arec or meking &
ratio of tint to eolid densities to rmezsure tonin~ is in-
recurate. Other foetors which carnot se controlled enter

the courtion when this is done 2id blur the effect of
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toning.

The experiment was not completely successful in 21l
of its orizinal objectives, 2s has already beern pointed
out. The experiment has shown, however, that ink tack,
inking pressure, &nd prirting speed sre all significant
factors when demling with toning in drioeraphy. Their in-
teractions are also significant. It hés been shown that it
is possible to print driographically on gn IGT Printability
Tester. Further work must be done with the IGT to make it
a reliable predictor of press results in driography. At
present, however, the IsT might be useful in testing vari-
ous ink - paper combinotions when printing driozrzphicelly.

Toning remeins a major problem in driosrzphy. As
more studies sre done in this ares, and as the amount of

toning is decreas=d, the use of driozropvhy should increase.
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