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ABSTRACT 

This inv~s:tigation seems to indicate that printing 

smoothness, although dependent upon .both smoothness of the 

sheet and compr essibility, is much more dependent upon the 

smoothness of the paper being printed. For the ,samples 

tested printing pressure required seem~ to be a function of 

the smoothness and the deformation pressure with the smooth­

ness apparently most important·. , 
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INTRODUCTION 

Since the great majority of papers produced are ult­

i mately printed,the printing characteristics of papers 

should be investigated both in their entirety, as print­

ability, and in their parts, as smoothness or compressibility~ 

Compressibility is conceded by most authors to have a 

part in determining t he printability of a sheet of paper 

in letterpress and rotogravure printing . The part this 

compressibility plays in relation to smoothness and other 

elements is 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. 



A STUDY OF THE RELATIONSHIP BETWEEN 

COMPRESSIBILITY AND PRINTING SMOOTHNESS 

To insure the terms used i n the title will mean the 

same to everyone th~~ are defined as follows to eliminate 

any slight variances. 

Printing smoothness is defined by Chapman( 1) as; "The 

fraction of surfa ce which can be brought into contact with a 

smooth surface press ed against it under pressures comparable 

to printing pressures. 11 This printing smoothness is dependent 

upon smoothness and compressibility of the paper among other 

factors. 

Webst er's New International Dictionary(2) defines 

compressibility as the ability of a substance to be pressed 

or squeezed together; to be forced into a n~rr.ower compa ss; 

or to be compacted. This compressibility is not the three 

dimensional deformation through the plane of the paper. 

Gavelin(3) and other s subdivide this compression into two 

ma in components, primary and secondary or reversible and ir­

rev ersible. 

First is primary compres sion Which is reversible and is 

further divid ed into ela stic and delayed elastic flow. This 

compression leaves no permanent deformation of the sheet sur­

face a f ter printing letterpress or rotogravure. 

The component which leaves a permanent deformation on 
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some printed sheet surfaces is secondary or irreversible compre­

ssion pr permanent set. 

This action of a sheet of paper is illustrat&1 by Steen­

burg I s( 3) mechanical model of paper with very goo'd correlation. 

The compressibili•ty of paper is consid ered by different 

authors to be of different , imp9rtance to printing . The In­

stitute of Paper Chemistry(4) said "The compressibility of 

paper under dynamic load is an important proper ty (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 t han a smooth 

but ha'r'd. sheet. Roehr( 6) says compressibility is most i mpor­

tant for rotogravure printing; due to the low nip pressures used; 

i mportant for letterpress; and not a factor in offset print­

ability due to the "built in" cushion of the rubber blanket. 

He a lso says compres sibility is not important to printab111ty 

of higher coated weight sheets due in part to higher smoothnesses 

obtained. 

Evanoff(?) and Laroque(8), testing letterpress and roto­

gravure news printing, respectively, found smoothness the most 

important constituent of printability with compressibility or 

softness of n ext importance. 

Compressibility has been measured in various Wt},ys _: in 

the litera ture. 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 height and mea, sured the rebound 

from a concrete floor as a mea surement of elasticity. This 

method was i mpractical for a routine control test so he invest­

i gated further and compressed two rolls of newsprint by the 

weight of a calender roll and mea sured the deflection of the 

rolls due to compression, through several successive cycles. 

Next he drew further grap.~s .using a screw pistpn : SJ?-d a two ton 

capacity pressure ba lance to test cut samples of newsprint. 

He found this. l a ter method the most reproducible and avoi4ed. 

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 t he sample 

and they were able to get fair correlation between elasticity 

and ha rdness using this method. 

A ca lend er equiped to measure deflection under varing 

pressure was used. bj Ant-Wourin(.9) to test newsprint but his 

samples tested in different ord er using different pres sures . 

during c~lender!:ng. A hydraulic press with a micrometer di~l 

attached was us ed by Roehr(6) to test sheets and Ivarsson(lO) 

used a motor driven screw fed .press with an electronic trans­

ducer to mea sure defl~ct!on of wet pulp l aps. Croney(ll} pressed 

metal cylinders of different diameters into a sheet followed 
' ' by a dial gauge to simula te letterpress printing stresses 

.under controlled pressure. 

These method s all hav e one t hi ng in common. That is, 
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- they all have something in their equipment or procedure that 
' renders them unsuitable for -routine control testing. 

Gavelin(3) found in his studies that the behavior ex­

hibited by the paper during his compression cycles could be 

explai~aj__QY St~enburg~Jti-3) mechanic~l model of J:!~per~~ 

The permanent or irreversible secondary com~ression is 

explained by the hydraulic cell A. _The primary compression 

is explained by the spring and spring p.ydraulic cell in parallel_. 

The elastic portion is the spring B recovering. The delayed 

elastic is the cell C recovering drawn, by spring D. Thie 

basic behavior of paper was agreed upon by all the testing 
' methods employed. 

When measuring newsprint Gavel1n(3) found that irreversible 

secondary creep was near].y proportion.al to the freene;Ss of the 

pulp in the grinder room. The primary or reversible compression 

was nearly constant fr9m sample to sample. .After one cycle 
' . ' 

nearly all compression was reversible exhibiting a kind of 

(9) 
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"conditioning" or "stain hardeningn of the paper. He also 

was able to establish a correlation between Bendtsen Hard-
• .f ·1 • 

ness and elasticity. As ,mentioned previou.sly the Institute 

of Paper Chemistry(4) was also able to establish a aprrela:t,1on 

between Bekk Hardness and primary ~reep or reversible com-

pression. 

Ivarsson( 10) 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(l2) both agr ee and .state moisture 

is one of the most. importan.t vari'ants in compressibility. 

Ant-Wour1n (9), Diehm(l2), and Ivarsson(l0) all found beat­

ing · lowers compressibility and al9ng with moisture content is 

critical with respect to compressibility. Fiber morphology, 

pulping process, ~echanical treatment during· beating, ash, and 

thickness all have a smaller and indeterminate part to play 

in the compressibility · or the sheet .as it wa s 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 edg~ effects, 

the penetration into the paper per un~t pressure is less if 

this constant area is divided into several small printing 

surfaces. This is the s am e principle used when constructing 

foundations for buildings. 
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y 11 tar n. ture ~urivey t,on·t td.nro no u1 t,le test t o evaluate 

p p~ 1n r$sp ot t◊ ~ompressib1l!ty. Tb.a t est.ins .methOd e 

U '. . ·· <W,er . too. o:u: be-rs¢me 0!"" time eQnmtm : ,. to be of any 

v lue i n r outine t, sting, • l}tto e;h th&y r-,ere tmtir ly eu1~.ed 

for t h,e r-e r h ork X,$."f,orm~ . 

fter pr,el1nt1na.ry teets it w $- d$G1d • · to ubj~ct th .. e 

~u~ · e or the test aheet¾l to a cont.re l€d e.1uml nt .iette 

l):t'G s pr-1nt1 .., ut1lizing t he :t •. G. i' • 11uttru1$~nt a,nd a l in~ 

whi,·ol , Pape.r t&at ttt.ti :ps w•re mount on the l'. ~ G., T. 1n ·t.:ru-

ent 1n th. • e metnn♦r u For eo t1ng pia t t .e 0xeept 

the 11ned wheel. ~as us.ea to i mpr-1-:nt t h · Baaipl e:s ., T · e strip · 

or s r.mple-'3 a.bout l · . 1nol'l · :e 'by 12 1:nohes ·wer. moul'it oo, felt. 

a de out, .: n1 11· r-int t var1ou · pr$aoures ut111 in th e 

pend.ulum drive . The surfac e of the i amples 'W er~ then e-x ln,Od 

under ·z1ns l1ght f'or atlrf oe cteformatio::n i n t h :rorro of 11.net! 

fl:'Qm t he 11n 1 ·X'ess :ton 1beel " «•• v -lue , 1.n ki.logr~m. printing 

pre ,ur~. ti.'$ oh lned at ch the e rf'ac · lia just eformoo . 

'.Chi.a dafortt1ation 1s a f'o:r-gi o f 1rr ~e:cs bl 00,.!npr4ls. · 1on 

t hat 1 s omettroo0s evi,l ent .on t hf) au.ri"a;;oe, of a . ~Ytterp:reg,e 

t,rint~ she·et h$l'l the printer un too :uoh pre ,. ur e while 

pr1n t1n15. 

A promising approac:b. was 'ho sta;t:th sur faeG profile 

aero $ . teat. . ,trip uslng t he Brush ~f -oe t.n~ly~er a.nd thtm 
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to· impr.hlt 1 t as d'. eaer1 · ~ a.hove and to rae;raph. the l:t~Ii'.le l!5U · 

face hopi116 t o J;)i~k up the tire.t -si .sn o,f' GU1'1;;a¢e d-ofo:rmatifln 

on the f:;;raph., Thia would enc.ble the opera.tor tg obt.ain e. 

.spec1r10 vo.lut, for e.Roh Y per t.este::l w1 toout an:, human 

v a.r1atton by arbi trer11y d. fining the depth or the grove,a 

on t e gro.pb 11. However; the result tts1ne; the surf oe nalyzer 

·ere in.oonolusiv.e •. 

Next n ttei t to determine the surfac e 1.efon - t!on 

aft.er i ir.pre o1 • by various me-thodo of overprint.inf;,, 

preaent oo probl<!mB in t rytng to put ft s p~.ifie valuo on tb.e 

resul ta obtaine:1 for em.eh aa rr-pJ..s. 

Th0 m~tnod adopted Tor t his 1nveot1g~,tion 11flls. to 1ndepend-

surfac 0 d ~ror-rna tion after 1.ro: rintinc , e.tJ a: escr :tbod. above , 

mld t · $ pres .ure netid to obtain pr:1nt1ne; smoothness 1d.t.h 

the half ~Qne etched wh~E l. on the I .., G,i/ i' ... instrument . Ths 

result ant v a lues for · urt o-e d eforr tion , 113 printing smooth• 

neos · $r-e ex mine.3 l.l.long 1th Gnrly 3fl1Qothness and H0,~dnesa 

values tor the Be.rt e Sf'lt'oples. 

The pr.Gsf.ilUre. requirEJ:l to o·bt~in p1"'tntinf .. rr,octb,tt.€:lSG was. 

obtc.1ned b y print , t he felt eida of Se?,nples, 1¼ 1nelies by 

12 1nohes , u sing 11llinb er t m t clt i nk aiYl a half tone serii);M 

pr1ntinc ·1ha•f":l d esisnro for uaa -w1 t n the I . a . 1:r • in truo1'itent . 

Tbi.s ,•!heel wa grad:un te<.l 1:nto aect1ons 0.r 10 .. 50 ... -70.""90 pera@nt 

et-oh but the 10 par'(l nt etoh t-in,a the segment U!letl t.o determ1n.e 
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Wl' pr-ta t1:ne tn-o~tnnee,•,•· 

·the wtt<Htl 1•as inked ufl-1~! . a 1t-attl.•rt1 x·.,-a.,t:, lnld.ns 
' ' 

e:pp~tuf ~ tnk 11&tei·thf5 p1p•tt:• &~~tdt-tm \o I pHnedv.e 
' 

fft.ab.li'llbt\i, by :Pr1t-oheJ,t.( 1) • 

r~s pm4-1tu:"iu _ 

: ').~, An; 1~1 Ual eppltoa\ion ot o.1·p. ,, · ~,r ~b~ \'\-.'iD.. 

u• Ink -~•: to . tb:t iu' M11• ft-'1··~ t.m ~:tnut~• -;~oa-··t~'t' 

ltlk d1 . .-t~~butti)tl. 
2~ -~ of tb~ &~bed . Whffl . t-er 99_ · ·~~nd.:a: •. 
3,., Aft.er · :t~ lfild:n-15• ,ot tb-0 p!,(in\;,:,ns wheel an app. 

l1'4fa.t.lon o.r . <:>:-.0·9 a:e: er 1~ 'l"~•·t~W1-~• ')1 • rt111~..i· b7 a HH 

~'be .ijt,,tzri~ttOl'l per1od- . 

'Stlle t' it Ji,nd' pr1at'l.ne :s~ed were kept ·oonstant for eao:ti 

pa;Pe.t- -~et,:t.et:1 n.1. -th'e prtraa'tl"t-·$ ,1&s varied to- d$ter:tdne \tba:t 

pr~~-au·~ -was n~oo to print the -16 ·pe:-'O.fflt ·e-t.en Ml.t ~ 
) ' ' 

on ~,~ •• mple utilizing ~ hand -l•~ to a.id in evi;/--lU;~;Upn 

•t'. ,lot -rt:pro:itt~t1on., 

Tb~-~p~r aa rnpl.at ,1,are then t~attild tor aw~.otbn'11• $tld 

BO·ftnt>IJS u.01.ns t .he G.tt.rl~y Instmun•t bl th• --~i.l'd . ~-
~ •'. . 

E!qu.1ptaen\ un:ed i 

l .~\G "'T.. lnltine; 'pp r~ 'to\tD ., ,•· 

l.,G~.T~ J?r-lntltte ·~ :r t .t.Utll . 
,, 

l~G~'f• Mea\llurl+ig l?1/tle\t9) . .. •, ..... )..,_·:.,.;· , .... ;,· 
· Prtn~ _t<Jbe~l With. !t .1t>\t,ne so~ est 

. :%0.:,0..70--.90. p.trce.nt Etc·n. · · 
, . ' 

<lU;rl~f . Sma~tbp.~~f!J SC:~n~;Jltli ~a~ ··1>gro3.1 ty '?~1~~1" 

1,. -~ _•1i,.,qh~.: 1.11 tJ.i,A"'t. ... _ tf~P'\lbllfJl,?.«1 Th&td.1'• eatern ~1(jn151;;,ll 
tlnt~r•lt1;1, \ l95Y) • · · .,• '. . 
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Five sa e$ ct pnp %" of 1ffe~ n.t ~,.riet.1 s 11er.--$ t ·est$i 

t. Or t he four char Qf#(jr t-1c:11 (:1.ee.ri"btd,. 1'1:Ut$e r &ulta for 

t m()Qv-hn~Bl.$ :; , se . nen. atL:{l :prl$)$ ~x-i'tai :rw-"1u1r· . f ·OJ' ~lnting 

· · cntt1ne s nd surf·e.<ie detorm@.t1on w~r-e t sJ:n•la t · . l')-:1 an. 
a.tt.~mpt , made to ivicl e prtnt!ng t1$00tbJle s tnto 'O;ompo.nent 

po.rl. 

Gr a nu .ber t o ~ · t.o 1nd.1c t · , f'or. _t he , · • wp e · 

tes-tei, tt t th.e pf'eswr e r e .uirtld to o to.lit pr1nt1ng .moc,t 

n.e ·, 1 s tun~t.i<Jn t>f ne,¢thn:e:s nn4 · GF01:\aiat:1on ·pr-Nm1re 

with $mooth.nes .pp a:Pine; th~ . , ,si impot-t·an.t .• 

,,, 
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