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ABSTRACT

This investigation seems to indicate that printing
smoothness, although dependent upon both smoothness of the
sheet and compressibility, 1s much more dependent upon the
smoothness of the paper being printed., For the samples
tested printing pressure required seems to be a function of
the smoothness and the deformation pressure with the smooth-

ness apparently most important,
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A STUDY OF THE RELATIONSHIP BETWEEN
COMPRESS1BILITY AND PRINTING SMOOTHNESS

Literature Survey
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INTRODUCTION

Since the great majority of papers produced are ult-
imately printed, the printing characteristics of papers
should be investigated both in thelr entirety, as print-
ability, and in their parts, as smoothness or compressibility.

Compressibility i1s conceded bj most authors to have a
part in determining the printability of a sheet of paper
in letterpress and rotogravure printing, The part this
compressiblility plays in relation to smoothness and other
elements 1s a matter of some controversy in the literature,
however,

Methods for measuring compressibility have been devised
but no standard method has evolved and most of these methods
leave something to be desired by way of equipment used, time

required, or consistancy of results obtained.
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A STUDY OF THE REIATIONSHIP BETWEEN

COMPRESSIBILITY AND PRINTING SMOOTHNESS

To insure the terms used in the title will mean the
same to everyone they are defined as follows to eliminate
any slight variances,

Printing smoothness is defined by Chapman(l) as; "The
fraction of surface which can be brought into contact with a
smooth surface pressed against it under pressures comparable
to printing pressures," This printing smoothness is dependent
upon smoothness and compressibility of the paper among other
factors,

Webster's New International Dictionary(2) defines
compressibility as the ablility of a substance to be pressed
or squeezed together; to be forced into a narrower compass;
or to be compacted, This compressibility is not the three
dimensional deformation through the plane of the paper.
Gavelin(3) and others subdivide this compression into two
main components, primary and secondary or reversible and ir-
reversible,

Flrst 1s primary compression which is reversible and is
further divided into elastic and delayed elastic flow., This
compression leaves no permanent deformation of the sheet sur-
face after printing letterpress or rotogravure,

The component which leaves a permanent deformation on
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some printed sheet surfaces 1s secondary or irreversible compre-
ssion or permanent set,
This action of a2 sheet of paper is i1llustrated by Steen-
burg's(3) mechanical model of paper with very good correlation.
The compressibility of paper is considered by different
authors to be of different importance to printing., The In-
stitute of Paper Chemistry(4) said "The compressibillity of
paper under dynamic load is an important property (of paper)
since it is a determining factor in the quality of the printed
sheet, Smoothness can be lower if compressibility is high,"
Crane(5) agrees that the compression effect when exposed
to several hundred P.S.I., in letterpress printing will allow
a rough but compressible sheet to print better than a smooth
but hard sheet, Roehr(6) says compressibility is most impor-
tant for rotogravure printing; due to the low nip pressures used;
important for letterpress; and not a factor in offset print-
ability due to the "built in" cushion of the rubber blanket,
He also says compressibility is not important to printability
of higher coated weilght sheets due in part to higher smoothunesses
obtained, ‘
Evanoff(7) and Laroque(8), testing letterpress and roto-
gravure news printing, respectively, found smoothness the most
important constituent of printability with compressibility or
softness of next importance.
Compressibllity has been measured in various ways in

the literature. Gavelin(3) tried the most ways and undoubt-
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ably hit upon the most novel method also. He pushed rolls of
newsprint off from a ten foot helght and measured the rebound
from a concrete floor as a measurement of elasticlity. This
method was lmpractical for a routine control test so he invest-
lgated further and compressed two rolls of newsprint by the
welght of a calender roll and measured the deflection of the
rolls due to compression, through several successive cycles,
Next he drew further graphs using a screw piston and a two ton
capacity pressure balance to test cut samples of newsprint,

He found this later method the most reproducible and avoilded
the differences in tension encountered when testing rolls,

The Bekk Hardness Tester was modified by the Institute
of Paper Chemistry(4) by testing a heavy pad of the sample
and they were able to get falr correlation between elasticity
and hardness using this method.

A calender equiped to measure deflection under varing
pressure was used by Ant-Wourin(9) to test newsprint but his
samples tested in different order using different pressures .
during calendering, A hydraulic press with a micrometer dial
attached was used by Roehr(6) to test sheets and Ivarsson(10)
used a motor driven screw fed press with an electronic trans-
ducer to measure deflection of wet pulp laps. OCroney(ll) pressed
metal cylinders of diffefent diameters into a sheet‘followed
by a dlal gauge to simulate letterpress printing stresses
under controlled pressure.

These methods all have one thing in common. That is,
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they all have something in their equipment or procedure that
renders them unsuitable fdf routine control testing.
Gavelin(3) found in his studies that the behavior ex-
hibited by the paper during his compresslion cycles could be
explained by Steenburg's(3) mechanical model of pepers

P

D

—AAN

The permenent or irreversible secondary compression 1s
explained by the hydraulic cell A, .The primary compression
is explained by the spring and spring hydraulic cell in parallel.
The. elastic portion is the spring B recovering. The aelayed
elastlc 1s the cell C recovering drawn by spring D. Thils
basic btehavior of paper was agreed upon by all the testing
methods employed.,

When measuring newsprint Gavelin(3) found that irreversible
secondary creep was nearly proportional to the freeness of the
pulp in the grinder room. The primary or reversible compression
was nearly constant from sample to sémple. After one cycle

nearly all compression wes reversible exhibiting a kind of
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"conditioning" or "stain hardening" of the paper., He also

was able to establish a correlation between Bendtsen Hard-
ness and elasticity. As mentioned previously the Institute

of Paper Chemistry(4) was also able to establish a correlation
between Bekk Hardness and primary creep or reversible com-
pression,

Ivarsson(lO) in his studies of wet lap compression found
compression reached a high constant value above thirty per-
cent water probably due to a monomolecular layer of water
covering the fibers and giving maximum flexibility.

Gavelin(3) and Diehm(12) both agree and state moisture
is one of the most iﬁportant variants in compressibilility.

Ant-Wourin(9), Diehm(12), and Ivarsson(10) all found beat-
ing lowers compressibility and along with moisture content is
critical with respect to compressibility. Fiber morphology,
pulping process, mechanical treatment during beating, ash, and
thickness all have a smaller and indetermlnate part to play
in the compressibility of the sheet as it was determined by
the same investigaters, )

For letterpress printing Croney(ll) discovered that the
size of the anvil printing the sheet is important as well as
the total area printed. He showed that, due to edge effects,
the penetration into the paper per unit pressure is less if
thls constant area 1s divided into several small printing
surfaces, This 1s the same principle used when constructing

foundations for bulldings,
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EXPERIMENTAL WORK

Hy literature survey contained no simpla test to evaluate
paper in respect to compressibility. The tesilng methols
used were too aumborubme or time consuming to be of any
value in routine testing, although they waré entirely sulted
for the resesrch work performed, |

After prelinminary tests it wapg deoided to subject the
surface of the test sheets to a controlled simulnted letters
press printing utilizing the I.0.7. instrument and a lined
wheel, Paper test strips were mounted on the 1,0,T. instru-
merit in the same manner used for coating pick teste except
the lined wheel was used to luprint the samples, The atrips
of samples sbout 1% inches by 12 inches were nmounted, felt
slde out, and loprinted st varlous pressures utilizing the
pendulum drive, The surface of the samples vere then examined
under grazing light for surface deformation in the form of lines
from the lined impression wheel, 4 value, in kilogranm printing
pressure, was obtained at which the surface wos just deformed,

This deformation 12 o for@.of irreversible compression
that is sometimes evident on the surface of o letterpress
printed sheet when the printer used too much pressure while
printing,

A promlising approach was to graph a2 surface profile
acrong & teat strip using the Brush Burface inelyzer and then
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to Lluprint 1t as deserdibel sbove and to regreph the sone sure
face hoping to pick up the first sign of swrface deformation
on the graphs This would encble the operator to obtalin s
specific value for esch paper tested without sny buman
variation by arbitrerlly defining the depth of the groves

on the graph, However, the results using the surfoce anslyzer
were inconclusive,

Hext an attenpt to determine the surfaoee defornation
after ivpression, by verious m@thndq-of overprinting,
presented problems in trying to put = specific value on the
results obtalnel for each sarple,

The method odopted for this 1ﬁvaﬁt1@at1an was to independ-
ently determine the pressure ol vhich each sznple exhibited
surfoce deformation after laprinting, ss deseribed sbove,
and the pressure needed to obtaln printing smoothness with
the half tome etched wheel on the I,.C.7T. instrument, The
resultant values for surface deformation sni printing smooth-
ness were examinel along with Curly Omoothness and Herdness
values Tor the sone sauples. |

The pressure requirel to obtaoin printing sroothhess was
obteined by printing the felt side of semples, 1} inches by
12 inches, using number two tack ink an! =z hsll tone sereem
printing wheel desirned for use with the I,C.7T. instrunent,
Thie vheel was gradunted into sectlions of 10«50«T0«490 percent

eteh but the 10 percent eteh won the serment useld to deternine
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our printing suootimess,

The wheel wos inked uaihg e standerd I.0,T. inking
apperatus ond ink metering plpette seccording to & prosedure
established by Pritchett(1), '

~ Inking procedure:.

- 1s An inlitlel appliuatian of 0,5 a@ of number two
tack ink  to the ink roller with's ten ninute pericd for
ink aistridution,

2, Inking of the etoched wheel for 50 seconis.

34 After four inkings of the printing wheel an appe
lication of 0,09 oc of ink Wes:aPPlied - £oliowed by a five
minute distribution period.

The ink and printing speed vere kept constent Tor each
peper teaied end the presrure was veried to determine vhat
pregauré vag needed to print the 10 percent eteh half tone
on esch Mample utilizing o hand lens to aid in evalustion
of dot reproduction, |

The paper saoples were then tested for sroothness and
softness using the &nrley»znstrument in the steanderd manmer,

Pouipment used:

I.047y Inking Apparstus

1.G,T. Printing Apperatus

I1,C,T, lieasuring Pipette

Printing wheel with Half téme Screen of
10-20-70=90= percent Etch.

Curley Smoothness Softness and Porosity Tester

ls Pritohett, W.h., Unpublished Thesis, Vestern Michigen
University, (1959) L |
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RESUITS OBTAINED

Five snuples of paper of different varletles were tested
for the four characteristics deseribed, These results for
snoothness, softness, ond pressures reduirel for printing
smoothness snd surfage deformation were tabulated and an
attempt wes made to divide printing smoothness into component
parts, ‘ |

Graphinurber two seens to Indicate, tm? the sanples
tested, that the pressure required to obtain printing smoothe
ness 1s 2 funection of smoothmess and defnrmatian'prcasura
with smoothness sppeawing the most lsportant,
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CONCILUBION

¥y investigetion illustrates thet coupressibility is an
elusive quelity of paper to mensure, Ite lmporjance to letter-
press printing is agreed upon but a nethod to mansﬁrﬁ GOMDw
ressibllity objectively and to assign e vrlue to it has not
been developed,

Printablility of paper 1ia atlll hest determined Ly proof
press trisls under similated printing oconditions =nd not by
teating for the individual compenents of printebllity and
gynthesizing » value for printability,

June 10, 1960 Richard R, Teugh
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