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c It has 

<1 

long 

1 
/ 

been. recoqn! led ... 

.. 

\ 

that an .ink " property" of 

1 . eentral ~mportance is its abi1ity to support tensi1e 
'" 
~tresses as the printing plate and the printed surface. 

aeparates downstream of the printing nip. This property, 
, 

the inherent,' resistanee to film spli tting, ls generally , 

~.f.rred to' as "tack·, and ~he formul~tion of printing inks 

ta based ~ on a 

charâcteristics. 

balance between tack and ink transfer 

ln the present study, an apparatus vas de~i9n.ed, 
. 

CQnstructed and developed to measur.e accurately the tack of 
r ' 

an ink under simulated ptinting cotldi.t4.ons. The apparatus 

vaa interfaced through a storage oscilloscope to il personal 

cOlllputer • 

This apparat'.;4s was used to make tack measurements on 
, 

tvo ink formulations at two speeds. 

C A technique .!s proposed to us: the methods developed in 
~ 

t;his rnearch to measure tack in an actual printing nip. 
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1 1 
9n connait depuis 10nqtemps <Iu' une propri~tê d'encre, 

ayâDt un'e importance centrale, f'est sa capacit~ de supporter 

une stress tensile durant la sêparation . de la plaque 

~Pfimante et la surface imp~im~e avant lieu dans la région 

succ6dant. le "nip ft. Cette' qualit~ d'une fi;tme d'encre. sa 
r'" 

resistance A fendre. est gênêralement appellêe le tack et la 

formulation d'une encre doit' être baser sur une balance de 

" son tack et de ses charactêristiques de transfert. 

Par la presente on convient le dessine. la fabrication 

et le dévelopemen t d'un appareil pour la :'~e -;llr~ prêcise. du 

tack pour une encre ~ous les conditions simulant l'imprimerie. 

Cet appareil formait un systt!!me ,intlilJ+.ant une 
r 

êquippêe de mise et un ordinateur, personnel. 

. r 
oscl.lloscoce 

L'appareil fut uti lisê pour la mesure QU tack sur deux 

formations d' en?re A -deux vttesses~. 

1-1 est pronos~ qUA ces même m~thodf'!8 soi.ent utiliser 

pour la mesure du tack pour de l'encre directement sur un , 
imprimeur. 
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Chapter 1 

IftRODUCTlœI 

Printing is' the transfer of an inked image to a 

substrate such as paper. The way in which the printing 

press conditions, and ink and paper properties interaot to 

affect the transfer of ink to paper largely determines the 

quality of a printed image. This in turn depends on Many 

factors, especially' the behaviour of pr inting ink in the 

printing nip, where the ink carrying plate is pressed 
/' 

against the paper. An im~rtant property of ink, which is 

related to the resistance offered by an ink film to 

SPli~ting at the exit of the printing nip., is usually 

referre,d to as "tack". ~k forces are not well defined and 

cannot be properly measur~d using existing instrumentation. 
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1.1 Objectives 

The pr illary object ive of the research was to develop a 

technique ta evaluate the tendency of inks to support 

tensile stresses ~during fllm -S)?littÙlg_ It"\ ~a~ . hoped .. tll~~ '0 .. . , . 
this technique eould also be used to lIeasure the tack force, 

generated in an actual printing nip during ink film 

splitting. 
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2.1 IDk 
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-traqsfer 

Print.ing ls 

%Il ft. 

.. . 
the 
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. \ 

Cbapter 2 

1 

1-

Print1!9' Proces. 

""-- . 1 
~ 

• tranafer of an ~ inked .image to a . , . 
subst.rate' suCh as paper. The comaercial printing industry 

.. braces a vide va~iety 'Qof 'proce}sea for puttinc:t ink on 

paper. Ink for.ulations, printing forms, and printing 
\\ 

pressures differ considerably' in -these probesses', but the 

ink Is invari.ably transferred froaa the printin9 plate to 
-A'~ 

paper in a printing nlp,. which iB where th4! ink' carrying 
o 

plate ·ls pressad against t~e paper. 

Por convenience in, deBcriblng 

printing process ~ it'" ia divided 

opera~ions. . 

the Rechanis. of the 

into four distinct' 
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1. FO'untain Feeding~ The spre(lding of an ink fj:lm on a 

rol~er by a duct and a flexible steel blade. 
~ 

2. Distribution: The breaking. down of any structure 

px-esent in the ink by ~ roller train- and dfstribution 

of a uniform film on the form roller. 

3. Transfer: The ink . is transferred from the plate or 1 
, 

rubber blanltet to the paper and the printed sheet is 

'withdrawn from the plate or blanket •. 

4. Penetration: , The drain~ge of the vehic1e into the 

pores of the paper. 
; 

The way , in which the prlI\t~ng press conditiqns and ink 

and paper pr~perties interact to affect the transfer of ink 

to paper largely determines the quaI i ty of a pr inted image e..f 

~hus the tra'n~f€U' step, in which the, ink first contacts the 
..t • _ 

paper, is the most important from a fluid mechanics as weIl 
., 

as a process point of, view. In ,the transfer step the ink is 

transferred from the plate or rub,ber blanket to the paper 

and, 'finally, the printed sheet fs withdraw~ from the plate 

or blanket. 
.. 1 

In the transfer step the ink undergoes a strong 

cÔlDpres,sion foll.owed by à weaker tension (1). 

- . 
The transfer process consists of hydraulic impression 

followed by film spli t,ting. At full commercial printing 0 

speeds, paper passes tprough the pr inting nip in 

.., 

" .- ... ""-------~-
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approximately one millisecqnd (2) '. Fetsko et al '( 3, .4) have 

proJ;lOsed a" hypothesis for tbe' eVénts occ~ring 'in' the nip 

tegian. The hypothet,ical pressure and velocity profiles in' 

thè' printing nit> (5) are shown in Fig. 2.1., The important " 

points of the hypothesis are as follows. ~ 

A. In the contact zone 
" 

1. Pressure drop: serves as a p'ump to force Ink toward 

the nip exirt. 

2. Shear rate var ~ation 7 from" zero to 30, 000 reclproc~l 

seconds to zero. 

3. lfik intera'ction with paper surface essential ta anchor 

ink film. . . \ 

B. In the separation zone: 
1 

stress bui1dup relieved by 

,1. Cavitation' (internaI vacuum). 

2. Cavity grawth. 

3. F 1am~nt rupt~re. 

should be noted' that a region of low or zero shear 

rate encountered at the point of maximum" pressure. The 
-, 

pressure then, drops across the nip. Th~ shear rate, which 
, 

la greatest where the pressure 15 fa11ing the fastest! may 

reach the order of mag~i tude of 30,000 reciprocal s~conds 
L 

(4) • 
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Figure 2.1 Velocity and pressure p~ofiles in the printinq 
nip (hypothet~cal). 
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The' film pre-ssure reaches 'a minimum at the end of the 

nip.. Preliminary exper iments indicate that this minimum is 

about one a.tmosphere vacuum' (4). A secona plane of zero 

shear rate is encountered here. At the exi t. side of the 

nipf the plate and substrate begin· to separate, and the ink 
1 

Mlm 0 no longer f i11s\ the gap between the cyl inder and the 

plate. ' Tension is created within the film, and cavities 

form if the éohesive strength of the f1uid is exceeded by 
• ft) 

the adhesive strength of the bond between the f1uid and the" 

solid surface. The point -of greatest tens ion is nearly 

halfway betw~en' the surfaces, an'd cavi ty .. ini tiation is 

'probably greatest in the centre of the film (6). 

Filamentation of the ink fvcurs as the result of 

the expansion Qf cavities in response to the tensile 

stresses that occur beyond the centre' of the printing nip 

(see Figs. 2 .. 2 & 2.3). Thes'e filaments elongate, becc;>ming 

'" thinner, and ~inal1Y break. If the filaments break at two 
, 

places, ~ d~pPlet is formed and misting occurs. Th~ 

formation of cavi ties and their expansion have been clearly 
, 

observed in high speed photographic studies carried out by 

Sjodahl (7), Banks and Mill (8), and by Thompson and Young 

(9). It is believed that the growth of the -cavi ties controls 
o 

not ol\ly the level at which the filaments break\ but also 

their final size. The hypothesis is that the level of split 
1 ~ 

occurs where the bubbles are most numerous and thélt the 
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cross-sectiona1 area of the filaments . . 

. -) 
depends on the size of 

the bubb1es at the rupture -POi~t (4). 

dt 

2.2 !nit 'Pila Spli ~ting ABd tact ~rce 

Ii has long been recognized that· an ink property of 

central importance., re"'hted to -its inherent' resiatance ta 

film splitting, ls its abi11ty to support tensile stresses 

as the printing plate 
~ 
and the printed surface aeparate 

1 -0. 
dqwnstream o( the_nip. This property ia generally referred 

• 
ta as "tack", and the formulation of printlng inks is based 

on a balance between tack and Ink transfer char acter Isties "! 

.. 

" 2.3 -.rack And printing Defec::ta 

\ 

81gh tack often accompanie~·thè addition of polymer to • 
improve ink transfer from one roll to the next in the 

printing press and to prevent undue uptake of fountain 

solubion in lithographie 
Il' 

printing. Excessive taek ls 

undesireable, because the tack ~orce is transmi tted to the 

l~--·------
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pa~r surfaée on the" outgoing side of the ,print.ing nip ana-
< 

cm res~lt in the removal of roose1y bound fibers (ltnt:ing), 
, . 

or in 1 picking' of the paper 1 ~ surface _ coating ,or fi.bers 1 
Lint or picked material accumulates on 1 the printi'ng platé' , , 

blanket and plate ca~sing: a 'deterioration i~' image ,qua-litty 

(2). This tproblem~ is the Most serious drawback of the 

lithographie prlntin9 pr~ess, a proc'ess that otherwise . 
.... 

results· in sharp,' high eontrast, high resolution images. 

The ability of a printed ink film tq accept properly a 
o 

subsequent' ink filll 'application is called 1 trapping 1. The 

control of trappilfg ;'s necessary in pracess printing where , 

inks of di'"ff,ereilt, colors are pl inte~ successi vely, one on 

top of the other. The second down ink must, be trapped by 
\ ' 

the' first down" otherwise it will' not print •. Rence,. in a 
1 • , .( 

'. , 
four color printing pracess, the first dOWl) 1nk must have , 
the 111ghest tack 7' the second down a lesser tack 7 the ~hird 

. down, still less, and so forth. When the splitting fO,rce or 

tack is greater in the second down or succee~1ng ink film, 

'back trapping', i.e. splitting in the ink film previously 

-Pri~ted, accurs, an{ ink' tranafers ba~k' fr .. paper to' plate, 

or blanket (3, 10). \. 
, , 
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The,origins of' tack force dur'ing the splitting of ink 
. , 1 

. films ~ave. 'been open to considerable speculation • , , , il'wo 

im~rta~t 

printin~, 

o' 

factors' in the 9.en~rat~on C!~ tack force in a 
~ ..... , . : 

nip are believed· tp' be cavitation and' ink , 

rheology. ' . '.' . ... 1" 

, '\ 

, 2.4"~ Cavita1:ion .4 ltack force 
, '. 

" 

, . 

" 

" 

. '. 

The' Rlechanisms by '~bic'b a~ liquid ,caft" sustàin' a ~eqative 

normal stress are' c~besion, of adjacent Molecules and 
" , , 

t, , --

Adhesion of the li~u~~ 'ta a, s?,lid boundary~ ,'When the 

apPlled tension ~xceedS '~it,her the, cohesive '~r the Adhesive , 
, 

sèlid, streogth, ruptur~ will occ~,r • As for a the 
, ' 

" 
tbeoretical strength' · i' ,s unlikeiy 'ta 'be 'exceeded irt 

1 . , , 
pr~ctiqe. In solids ,: th~ " st~en9th ,is limited . Dy the 

- . " 
1 

p'~opa9ation of era~ks , ,wnl1e in a liquid, resistance to , , 

• ' 1 

.xtension is 'limited by.èavitation.: , 
• , 

spli'ttlng , i~ . , roll ,nip -at low s~ed 
, '. can be , 

" 

.' " , " 
1 • . , , , 

, '. , . 
", 4' ", , 

'I 
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described by a simple hydrodynamic model. . The' t'~sultin9 -

.... , 

differential equation ha~ been solved f~r 

seveli-alJ 1 a~ tt}-rnati ve bÇ>undary. ~ondi tion's", 

a rigid nip ~sing 
: <,' 

" ' 

for the 'casé of 
[, 

Newtonian liquids (6, 8, Il, .12)., power law' liqu:i,.d~~ (13)', 

and Ma'Xwell liquids (14, 15, ~ l6)L-. The case of deformable 

ro~ler" nips "is more c?nt>lex, demanding s ïmultaQeot,ls' \ solution 
\ 

for 'roller deformation, 
j 

and has (J" beei'l 'of the equation,s 
~ 

studied 1ess extensively (17, 18): 

(' c 

A hydrodynamic analysis of the related problém of 
, 

splitting in parallel plate geQmeety has 'been carried -out 

(19). The results of thi~ analysis:1ndicate that the effect 
, ~, ., "l 

of viscoe.lastici ty . on th~ force ," which arises when the 

plates are separated a~ the'- s~PXe:"sp3,.~ts" is the' same as 
" 1.-' ~ 1 in the roI 1er geometr'y. ' . 

d 
, , 

fi 
1 

.Flow , in t a nip i,s am~n"able to a str'alghtf.ptward 
\ 0 ~ • • " 

hYdrOdynami~ ana~ysiS only' ov~;-'a: .liç:i.te~ distance' into' the 
.,~ 

middle of the nip (12). Cavitati~n'- at the exit side pr.od~ces 

a complex flow field, and elQ,ngatiQn ana breàking of· the 
, 

) 

filaments formed by cavitation c~mplica~~. ~he pié,tur~'~ The 

same cdnsiderat~ons apply th--- paraliel plate~ (20)'. 
~.. • 1 • ',. 

.... > " 
Q .' 

~ Whether tens ion in a. ~pl:i tti?g .f~l~ ,of a pr int:~n9 ink 

reaches a maximum j'ust priot: to cavitation or is at its 

highest at the poInt ef ruptu're of 'the filaments is a' matter 
, 

or some controversy. ~ Banks' ·ànd' Mill'" (19) andl 'Strasburg.er 

(20) sU9geSt . the former lé thè 
g" 

C~Sè,. which sU9gest~' ~hat-
" , 

" )", 
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viscous proper ties are instrumental in determining tack. 
'> 

Bickerman (..21) has proposed that only viscous forces are 
~ ~ 

invo1ved in the peeling of a flexibl~ substrate from a plane 

surface 1-n contact with a Newt;onian liquid. On the other 

hana, if the tension is at 'its highest at the. rupture of the 
/ 

fil.aments, viscoelastic proper~s ~ are 

high speed .photographie studies on film 

èarr ied out.' by Erb and BaRs en (22"i, 
y' 

er ua ial (22) • The 

splitting in nips 
- , 

Sjodahl (7) , and 

Thompson and, Young. (9), have le<!l -to different conblus io!\s ! 

regarding the relative importance of v'iscous and 

viscoe1astic ink q behaviour. " " These studies a1so revealed 

that surfaee tension May also be important. 

.-, 
It has been sugges ted tha t of the two phases of .. 

eavi tation, cavi ty formation • and cavity' expansion, , the 

former is re1ated to the product of ink viscosi ty and the 

vel.ocHty -of separati.ori of the two roller surfaces above a 

er i tical press speed, and attempts have been made to relate· 

this viscosity-velocity produet (VVP) with. t;aek forees (23, 

24). Rowever this VVP oriterion does -not apply readily to 

fl'"uids of different chemical structure: inks with the, sarne 

visç:osity but differing formul~n can vary enormously in' 

tac1c. Truman and Hudson (25) h~ve indicated that the 

,stresses involved in film splitting are not only a function 

of VVP, but are s,trongly dependen,t, on the surface properties 

of the substJ;'ate. 

" , 
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_ Cavi ta tion commences when the cohesion of the ink Is 

overcome loeally, 50 that points of nucleation are helpful 

in cayity -rormation. In fact, Miller and Myers (23) found 
, 

by a high speed photographie study of film splitting in a 

10w pres'sure chamber that while th~ fil!" splitting pattern 

'lias unchanged down to ,0.1 atm pre.,ssure, the work of 

'separation increased due to the los!;J of the contribution of 
...,; . 

air expansion wi thin the film. 
, l 

~ , 
. Ca~ity formation is c~talysed by surf~cesi consequently 

the number of ineipient ~ubbl,.es formed inereases wi th the 
\ ' 

number of particles in the ink, pt'obably because ai r pocket~ 

trapped on partiele surfaces act as cavitati'on nuclei, and 

this reduces th~ ink filament size ,(4, 24). In general, 

suspensions cavi tate more readily th an their vehicle fluids!. 
, 

-.., and large pigment partieles init~ate cavitation sopner,' thu$ 

eausing tack f'orees. to he smaller~~ On the other hand, 

smaller' particlès that cause cavitation late.r: will l~ad to 

finer filaments, thereby _ improving print quali ty .by 

improving the uniformity of ink transfer (2). Interfaeial 
f •. 

.. ..... ! ,'J , 

tension. between pigment and vehicle May also 'Play a' rolè' 

'( 23) • 
o 

, 
The second' phase of cavi1;ation is the expansion of 

, 
eavi ties. It has been h~potttesiz~d that the greatest 

l . , 
expansion takes pl~ce where there ls the least res istance, 

'which is in areas of reduted viscoslty •. With hiqhlY , 
Ct ,..""'~ ............ 

,-
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thixotropic inks, due to the higher she.ar rates exerted , . 
. " 

closer to "the paper, the viscos i ty is lower in this reg ion. 
t ,. 

This causes the. film to split closer to the paper than to , 
'the pl,te, resulting in a transfer of less than 50%., This 

behaviour has been observed wi th heavier vehicles, finer 

particle sizes, and higher pigment loadings (4). 

-In the expansion of eavities, the iricéease in total 
Q 

surface energy due to the creation of new surface is 

expected to make a contr ibution to the tack force. This 

means that in addition to viscosity, surface tension also 

resists the expansion of cavities. However, in an analysis 
" 

of cavity expansion within a polyisobutene oil, Hoffman and 

Myers (26) found that surface tension c'ontrib~ed only ", 

and viscosity 93% of' the work of separation of the oil 

film. 

In an extensive literature survey on cavitation in 

bearings, Dyer and Reason (27) ~ found a consensus that a 

l~quid' s tensile" atrength ysensiti ve to such t'actors as 

gas content, viscosity, particle content, 'nd the surfa'ée 
\ ;--._~ , 

finish at the liqùid-bearing material interface. The~ __ 
, . 

mentioned the possib~lity Qf serious damage to the' bearing 

'surface, particularly 1 a tendency to • pluck out' pleces of 
-

matet:ial fram the Babbitt matrix, as a result of tensUe 
1 

stresses in the lubr'icant. 

.. 
, 
/ 

" 
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2.4.2 Ink rheology anC\ tact. force 

It ia clear from the complexi ty of the rheQN9Y of inks 

that "'the simple tests now used in the printing and ink 

industri'es, such as viscosity. measured at a single shear 
\ 

"rate, are inadequate for prediceing the behaviour of an ink 

in" a printing situation. In addition, we lack a proper 

unde.~standi~g of the fundamenta1 ~enomena bccur ing r' i(1 thé 

1 printing nip. Our 1ack of understanding is apparent in the, 
~ ~"'" ~ 

methods used to measure ink tack and paper surface st;.rength 

usfng "tacky" 1iquids. i 

Viscosity is not the on1y factor governing the tack of 

a 1iqui,d. This was demonstrated by compar ing polyisobutene 

oil wi th P a silicone oi1 of equal or higher viscosi ty. 

compared to polyisobutel'le o,i1, silicone' oi.J. has virtually no 

tack, as indicated, by its ~nability to pick th~ surface of 

.pa~r at even the highest "speeds attainab1e _ in. the IGT 

tester (28)" 'l. The- vlscosity .. ~ac~ relationsh'~. is tenuous 

aond breaks down when ve"hic1e chemistry or ink 'shortness' 
, . ." 

changes (29). Shortness ia defined as the ratio of yie1d 

value to plastic viscosity. Yield value is commonly 
, t 

interpreted to he the intercept on 'the shear stl';'ess- axis of 

the extrapo1ated 1inear, portion of the shear streEJs versus 
, . . 

suar rate curve. 
1 

'" , 

/ 

, l' 
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As mentioned previously, at very' slow rates of film 

, splltting, a simp~e hydr6dynamie model can ~ 1 used to , 

predict the- separation force.' The viscosity'-vel'ocity 

,produet (VVP) gi ves- a reasonable indication of the , . 
separation force ..... in this case. Bowever, i t should he born 

in mind that even pur~ polymer ie 1 iquids; such as the, 

'POlyisobutene used by the paper industry to measure the 

surface strength or picking resistance. of paper, is 

non-Newtonian at' high shear rates. lt is diffieult to 

select the viscosity value v relevant to ~pri~t simulation 

tests (2~. More importantly, the WP qoes not predict the 

separation 'force ,at the high rates of separation encOuntered . , , 
~ 

in printing due to 
1 

cavitation 

behaviour in the ink filaments. 

effects and complex flow 

lt has been hypothesized t,bat it is the rheological 

properties of an ink that govern i ts tackiness. "', Aecording 
" 

,', to work ,done by Oitt.inen (30) ~particle-partièle and­

particle-v~hicle interactions are ehanged by the addition of . . 
pol yme r to. ink. On. the other hand, bQth lithographie ink 

and eoncentrated solutions of' tackifying resins are 

viscoelast:ic and cause picking. 

~lYiSob~tene oils alc inelas~t.ic 

proposed by Aspler (31) that - .. . , 
.accompan!es polymer addition to 

1 • 

At the sarne 

(28) • However, 

the chàn'ge in 

i~k May have its 

time, tacky 

it'has be'en 

tac~ that 
, 

or'ligins in 

" 

o 

the chemical structure of the polymel', partiéularly it~ '- -; 

'backbone flexib,ility. Preliminary ~ studies support this 

, '1 

·1 

! 
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hypotbesis. 

" Temperature 1 effècts must a1so be. considered, sinee an 

increase in temperatute results in a lowering • of the 

viscosity and tack of ink and surface strength test liquids 

(32, 34). 

It can be seen that· the' tack forces ge.nerated during 

the splitting of ink films are not well defined and are 

eaused' by severai c9DIpeting and interrelated phenom~na:, 

Taclç cannot be eas11y measured by the use ·of, instrlf'mentation 

now available. 'It can best be described as the reaistance , . 
or tens1le force invo1ved in the splitting of an ink filDÎ at 

> 
the exit o( a printing nip. 

Il 

, . ~ 

" 

2.5 -rack Poce. lIeasllr_nt 
• . ' 

Beoa~se of the signific~nce of tack in praçti-ce, it is, 

important to be able to predict reliabl:Y the splitting 
p 

behaviour ~f a printing ink by means of· a laboratory test. 

2.5.1 Paral1el p1ate geo.etr~ 

The oldest technique fQr measurin9 tack depends on the 
ô 

. \ 
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printer 's finger, which-he ùses to put a dab of ink onto the 
• . 

paper and then discerns the resistance to snapping the 

finger away' from the paper:. In spite of its primitive and 

subjective nature, thls method iB stJll widely used. 

The mechanical tack finger of Green (34) was an attempt 

to quantify the craftsman' s test. This device differs' from 

praetice in that the separation involves ra.ther slow motion \ 

of the surfàces normal to each other, and' in an aotual 

printing process air is mixed into the ink by a r~ll,er. 

Mueh work has been dGtne ta develop tack, measuring 

systems based on parallel plate geometry, as indicated in 

'Table .2.1. The parallel plate tackmeters va\y in the film 

thickness range used, the form of the motion that separates 

the -?l~tes, 'and the force' measur ing system. A number of 

pÜlte tack~eter designs, togethe.r with sorne specifications, 

are" listed in Table 2.1. Fig. 2.4 shows the design of a 

parallel plate,tackrneter (35). 

'. 

An ad~ântage of a parallel plate tackmeter, over a 

raller tackmeter is that splitting forces can° he ,registered 

as a funct ion t;>f time .. However, in the pa~allel plate 

geo~etry the speed and ot;her test conditions do not simulate 

weIl printing nip condi tions, with the result that parallel 

plate tackrneters cannot he used ·to predict ink behaviour in 

a printing press. 

, 

, 
f 

i 
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-râble 2.1 Par a11e1 Plane Tack:Jaetera 

-------... _----------------------------------------~----~------
Tackmeter 
identlty 

Gap in Plate separation/ Forc~ measuring 
microns Form of .motion system 

... -------------------------------------------------------- .... _-
Green (34) , 100 

1941 
Strassburger 50 

(20) , 1956 
Brb , Hansen 1000 

(22) , 1960 

Curado, 100 
1963 

GATF, 
1963 

NPIRI, 5 15 
1969 

Constant weight 
" 

COflstant velocity, 
0.06 - 6 cm/s 
Constant veloci ty, 
0.5 cm/s af~er 
st:art .. 

Sinus w'l!lve 08c111-
ation, ve10cit:y 
of top plate, 
o - 18 cm/s 

R~bound by means 
of a spring after 
a hammer has hi t 
an anvil 

Manual separation 

Manual measurement of 
time 

Piezoeiectric crystal 
and osc il1oscope 

Movement of bottom 
plate measured- frOID 
high speed photos,~ 
force calculated 
using Newton's 2nd 
law of motion 

Strain g-age and 
oscilloscope 

Stx:al? gage and 
OSC\loscope 

Push/pu1l gagk and 
read-out dia1 

• 

Ke1ha et 3 - 50 
al. (35) , 

Spring loaded: 
plate moves at 

top Piezoelectrlc crystal, 
oscHloscope, 

1973 constant accelar-
ation 50 m/sq.s 

electroni'c memory 
and chart recorder 

'-------- .... ------------------------------------------------~(-~-
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" 2.5.2 aDl1er geaeetry 

--

.. 
• 

ïteed (36), designed"'a tack lJleasuring instrument called 
\ 

the 'Inkometer' j' using' ro11er geometry. 'Thls "instrument 

measures the torque exerted on one ro11 of a simple 

dlstr ibutin<j--system as the ink ls beinq worked. Tt1e torque 

Is transmitted through a linkage to a balance arm above the 

torque rol1er, 0t;1 which, readings . are taken as depicted in 
1 

Fig~ ~.S. The degree of displacement of the upper cyl-inder 

ls proportiona1 to the • inkometer number' of the liquid 

" app1ied to the cylinder surfaces. 
• 

The inkometer was -oriqlna11y designed in an attempt to 
~ 

slmu1ate the pr intinq press situation by scalinq down the 

cprinting roller nip. Many researchers have attempted to 

cor relate the inkometer number of an ink wi th tack. It le 
o _ 

now recognized that such efforts are futile. Inkometers 

fail. because they" do not measure normal force bu~ rather a 

complex combination of viscous, tack and elastomeric affects 
o 

(18, 37). Furthermore, the inkometer' does not èorrectly 

simulate a printing press, partly because the optimum film 

thickness for measurement is severai times greater than that 

found on a press, and partly because equilibrium readings 

'are very dif.ficuit to obtain (38). Superimposed upon these 

drawbacks is the fact that the torque roll.er is made of a 

rubber oomposition and no such composition has been 

_ .. ,,--~t. .... _~ __ ~ " ___ _ '. 

-. 



, 
~ . 
~ 

l' 

1 
( 
" .. 

f, 
~ 

1 J t' 
t ' 

. 1 • 
f. 
> 
r 
f , 
$ 
1 
1 

1 
1 

• 

; 

'1 
1 
1 

Piqure 2.5 

\ 

" 

. ; 

of 

. . 
1 

1- 0 
f 23 

' .. 

~. ,., 
L 0 R .. 

1 

.-
B 

() 
<., 

• < 

C' 

0 

J J 

> . 
~ 

'l'he principle of operat.icn of the Inkaneter, 1 

A: The movement o'f this cylinder is proportional 
to the Inkometer number. If the cylinder is 
displaced towards the 1eft the Inkometer number 
decreases~ while if displaced towardE? the right, ... 
the Inkometer number increases. 

B: Mator dr i ven cy linder • 
C: Cylinder used for application o! even film as it 

possesses reciprocat.:i:.ng motion. .. 
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developed that will ensu~e· - the s1:abili~y of the physiaal 

characteristics of such rollers (1). 

In the Pat;~ tac.k meter (39) the Inkometer Is attached 
._~I .. ~ 

to the distribution system of a press'. Thé- 'Ta(;Jç.,.o~scope 
• } ~ '? ~ .... ~ .. 

~ ,~" 
(40) ls another tack measuring device operating on the basis , 

- 1 
of rol.ler 'geometry ànd is very similar to t.he .Inkometer. 

1\ major disadvantage of Cl of these totational 

tackJIeters is not being \able ~o measure the normalt force. 

Furthe~. the· actua1 nlp conditions can.~ot be reproduced 

becalJse no ink is transferred to paper, asC sPlittidl9 of' ink 
, , 

takes placè between two rol.lers. FurthermoI:e, splitting 

forces cannat ~ profil.ed through' 'the printing n~p. 

'. 
1 

2.5.3 -BDergy aa a _ure of tack ,. , 

.. 

GV~t .and Geffken. (4~t proposed that tack could ,be 

deterJllined - by measuriri9~---the decrease. in f kinetic, energy 
\,.\ \.--- IJ 

suffered 'by a !:o~j..!n~ cyllnder as le passes over an' inked 

surface mounted on an inclined plane of O. - shaped tracktJ 

(see Pi'g. 2.6). This work cul.minated in the co'ncept of ·tack 
.l 

as an el1ergy dehsity, with the energy requlrement depéndent 

upon the volume of ink transferFed fcom the plate to the .. 
roller. Re~ently, Watanabe and Amari, (42) have attémpted .to 

~ 

" 

" 

o __ 
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Fîqure 2 .. 6."Scbé~t;ic, .diaqraui of Voet' & rol,l.i.ng· cyiinder 
;;... ....... ---------- tac~ter· tor measuri.ng tack of. printi.ng ink. 

,A·: U-shaped, tr.cks., 
B: Cyli'nder,' . ( 

". ~ 
C: Sample holder. 

2.5 

._~ 

. . 

F~i.-=qur..;;.;;.er-2 __ ._7, Schematic diaqram of 
1 tacJaneteXi • 

J' A: Straight tracks, -. C: Sample holder, 
I-,F: Mirror, 

, H: Hinqe. 

\ ' 

" . . 

" 

.' 

modif ied ro1.1inq cyli.nder 

B: Cylinder,. 
D: ~i9ht ... source, 
,G: phbtô- sensor, , 
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c;, 

-overcome 'two disadvantages Qf Voet' s appàr a tùs.' " They 
. ' . 

controlled the roI 1er ~peed over a wide range and.~mployed a 

photoelectr ie . technique to tl\easur~ the kirietic energy ,".,o'f tQ~ 
. 

rol1er more preçisely. (see Fig~, 2.7).' 
" 

.. 
,{ " 

2.5.4 Measureaent of tenaile stresses .iri bearings 

v, 

In an ekperimenta1 study on a steadily ,loa(Îed ,~earing, 

Dy:er a~d, Reason (27) have observed te,Fsilè: stresses àf 740 

KN/m 2 (107.3' pSi.) in an ail! film. Ta measuré- , thése o _ 

tensile, . S'tresses, they used a ,str.ain gauge dia,phragm 

pressure ,transduc7r. The - lubrieant . film thicknéss was -/ 

'0 mea!=l~red simultan~ously by ~ iôductance ,,' pr.oximi ty 
----LI 

transducer. Bath were moonted' in the rotating shél~t.' Thi.s 
~ ; 

study indicated a 

rate of divergence 

dependence of the 't'ensile 
. ( .. 

of 'the bear ing surfaces ... o _ 

stress on, the 
" 

" . " 
Later, Brown and HamiltoI) 

, ' 2 pressures (up-to -780 l<N/m or 

, • < 

Ç) r' 
(43) ob~erve'4 larger négative 

-113.1 p~i ~'). in t'he o.ii fi~m 
" ' 

"' " ' 'T,he . iÎ1str~ment"at:ion th,~Y' ùsed 1 ubr Ica t'lng a pis ton ring • ... • .. 
consisted of a pair of capaci tance gél'lJges, for measur'in'g the 

thickness, mounted on;'- either side.' ·.·O~ a 
, . . , .. 

piezoelectric pressure gauge. One difference betwe.en ,the 

.observaéions of this study and of th~ ~re~iqus .. one :1s the 
1 t , . , 

magni tude of the negat.,i. ve pressure; ~ In the present "s-~udy, 
J ... , . 

the whd1e af. t~e 0!ltlet .reglan '1s under' l'legat! ve ,pres~ûre, 
i " 

0" 
, ., 

, . ~. 
" 

'. . 
1 ~~ , " 

, 

, l 
1 

. 
l ~:--"""--~o:"-;:-:';.-."",-, ---__ _ '<.,..-----'"'1\.,-, --- ',' ", 

. \ : '; '~.' .. • '., ~-: '" Qa r •• 
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whereas in the former study only a sma11 negati ve pressure 
o 

was found relative to the magnitude of the pos!tbfe 

pressure. ..-

Recently~ in an experimental stud0 of the pressure 

dist.ribution in a super la~inar' journal bear ing 1 rRoberts and 

Hinton (44) recorded negative pressures~down ta -17'.4 psi. \ . .... 

In this study miniature pressure transducers Qperati~ on 

the piezoe1ectric strain', gauge pr incip1e were u$e~. . , 

lurtherinore l in order to study the oi1 film pressures ,in . __ 

squeeze film dampers, Holmes (45) used a miniature 

piezoresistive pressure transducer of type EPR-125 made by 

Bntran. 

1 

, , 
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Chapter '3 

. 
DBSIGN ABD DBVBLOPMBIIT OP THE ~mll:OOB 

~ 

• 1 

The. behaviour of Ink in a Pl; inting nip ls very 

c~plex. Therefore, to evaluate an ink for use in the 
.., 

printing process it i8 necessary to, simulate in some sense 
. 

tIle condi tians existi .. ng in an actual pr'inting nip. A number 
1 

of 'i,.mportant nip and flow variables are listed in Appendix A 

along with ord~r of magnitude values. First, the qeometry 
. "c 

y ~ •• /). 

of the printing press should he properly sca~ed. Secondly, 

there shoula 1le some vay to control the SPlitt-inq speed, as 
.. , , 

ink behaviour depends, on J strain rate and time scale. By a 
, 1 

similar argument, the normal force and film l:hickness should . . ) 

'. , 

be acèQrately measure(l,bf some means •. 
, - . 

\ ) 
3 .. 1 tfte ~the.,i8 

.... 

. , 
As· a -working- 'hypothesis, it vas assume.Q 'that 'tack 

" 

, .. 

.. ------f 
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f l "_ 

forces' are the tensile forces supported by an ink film just 

before film spl i tting occurs. For this reason, in the 

research a state-of-the-art microforce transducer wàs· 

mounted on one face of a simulated printing nip l,n oc.der' ta 

record accurately the tack force under pr inting conditions. 
~ 

• 
3.2 Design Of Ifbe I}'ecbnique 

f·-

/ _~r~---~~--___ -------_-H_' --~, --'< 

At the present time, only two kinds of geometry are 

used ln pr inting processes: cylinder-plane geametry (as in 

flat-bed letterpress pr inting) and two raller geometry (as 

in lithogràphlc printing) • For "tbis 
~ 

research, the 

... cylinder-Plane geometry lias chose~ for two reasons. -jirst., . 
, ~ 

it ls much easièr to 1D0unt' a pressure transducer in a flat 
• )"' fi .~z=.., 

sUrface" th an in a curved. surface. The'~ second reason, vas 

that the two roller geoaa~ry requir~s sOlDe me~hanical means 

to ,drive t~ rollers at. t,~ sue speed and to control the 

gap between the rallers, whereas vith cylinder-plane 
-

geOlletry only the cylinder or the Pla~e need move vith 

respect to the other, which allovs a much 

lIechanism. » 

-. 

simpler 

As a "first at~e.pt ta Jaeasure tack force and predict 

1 
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the Qehaviour of inki in a pr,int-ing nip, the instrument 

'sketched in Fig. 3.1 was constructed. The main parts of t~e 

apparatus a~e a steel plane (430 x 150 mm), inclined at an 

angle of 17 .. 50 to the horizontal and a cylinder, the lattèr . 

consiàting of a· jacket with steelends and an inner core of 
\ ' 

lead. The lead core is mounted eccentrically on a shaft on 

which the outer jackei was coupled by means .. of baIl 

bearings. The jacket can thus rotate independent .. ly of' the, 

inner lead core and in this way rotational inertia and slip 

are minlmiz~d. The diameter of the cylinder is ~47mm, while 

its weight can be varied by temoving a portion of its lead 

inner core. 

. 
A miniature ~ressure. transducer of ( the type 

'.t 

BPXS .... lOW-lOO made by Entran Deviçes Inc .. vas mounted in the 
Sl 

lover plate, and vas used ta measure the tensile forces 

generated onq:\the outgoing side of nip during the splitting 

of an ink film. The maximum tensile stress vas assÛJned to, 
1 1 

\ 
be a measure of ink' tapk. The transducer made use of a 

semiconductor s.train gauge bonded directly to a stainless 

steel di:aphragm and had a working pressure range of 0-100 

psig. It vas mounted flu.,h vith the plate surface and 138 , 

~ fra. th~ lower end. The mounting arrangement is s~own i~ 

Pig_ 3~2. 

., 
\ ' 

At a nearby ~qcation on the inclihed plate, at the samé 

t distance frdlt the end as the ,pressur~ transducer, a 

l, 

, ~ 
" ; . 
, 
1 , 

, . 
. ' 
,'. , 

-:-:"""""",!,,,, ___ t' . . 
A. 
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proximlty output with an accurate multimeter and reading the 

gap from th~ calibration curve of the proximi~y probe. This 

reference gap is used in calculating the nip. , . 
To measure the referenge gap accurately., a run was done .. 

without any liquid on the plate while set1;.ing t~ re(erence 

gap variable in the· .computer program equal to zero. and 

running the program. The film thiokness calculated by the 

computer ig the· referenc~ gap for a given probe 

" 

ins,tallation. '4 Again this reference" gap value is stored as . 
, 

'the reference gap var iable of the program a~d the progrant' 

can then be used for exper iments until the proximi ty probe 

installation is altered. 

' ......... - ---

3.3 preliaina~y Bxper~nt8 

The output signaIs from the pressure transducer and ~he 
1-' 

proximity probe were recorded on a storage oscilloscope 

equip~d with a Polaroid camera. 

Initially, the power supply ta the. apparatus is turned 
1 

and on, a small . amoqnt of ink ls placed on the plate 

dlstrlbuted with a small rubber roller. The cylind~r ls 

fastened in the clamp at the upper end of the plate. The 

ose i '1 ~oscope is set ta store the pressure· and proximity 

,1 

i. 

• 

" 
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output signaIs. When the lever on the! clamp ls pressed down .. 

the çylinder rolls down the plate over . the presslJre 
~ 

transducer and the..à proximity probe and hi ts the lower \ 

stoppers. The pressure and proximity signals are stored on 

the oscilloscope and photographet with the Polaroid camera. 

? , 
The maximum worlcinq, pressure of IOo. psig vas an 

~ 

estimate based on the results of lubrication experiments. 

In any event, it was found to he highly inaccurate, and as a 

result the transducer was 'damaqed due to excess 'pressure . \ . 
(235 psi), after only two ,experiments, on the first ~ay of 

exper iments • A second transdlicer of the same type . 

(·BPX5-l0W-500G)· but "ith a work~ng pressure range of 0 ta 

500 psig, was then ordered.· 

1 
1 

3.4 lIodification Of '!he ~bnlp 

o 

~\ . 

On calculatinq ,the speed of. the cylinder frosa the .. . 
results of the first experiments, it w~s found that the 

"" speed was very lov compared to those typical o~ actual 

printinq presses •. It was thus considered~ necessary to 

increase the speed of the cylinder by some means. TO be, 

able to vary the speed of the" cylinder a screv actuating 

i fI ~ aechanism was prov ded on thé apparat~s as shawn in rïg. , 

," 

.. 

; 
J: 

" _L~_~ __ ~ ... " Il ........ .. \ ----p 
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" 

3.4. The plate 'was pivoted at its lower end and supported on 

~he screv mechanism so that by turning the shaftr the plate 
1 

angle vith the horiz
1
0ntal could be varied from 0 to 60°. The 

, 
plate angle was measured by means of an air bubble 

" 

.protraçtor attached to the 'side of the plate. 

. 
The shook e~perienced by the cylinder stoppers and the 

iower edge of the pl'ate was i quite large, and it was ~elt 
J 

this could result in damage to the apparatus. TO reduce the 
. 

ah~k, by absorbing kinetic energy fram the cylinder, an air 
" 

cylinder. vas mounted on the 'undet'side of the plate. This . 
CYl\nder was connected to the, stoppers by, a lever 

".chanism. 'l'o operate the cYlinder, " compressed air a.t 10 to 
Q 

20 psi was required. 

• 1 

When the second Ent~an pressure transducer vas received 

and'mounted on the apparatus,' experiments were resumed. The , 
néw transducer had a working pressure range of 0 to 500 

• 
psi., and as a result, it8 sensitivity,was less tban that of 

. ~ 

.. the first
O 

one. At the Saate ti_e, the negati ve pressuré peak 

Ctack force), rather than the larqest positivè peak vas of 
-

lI~in c:oncern in the research. ' Bence, it vas, necessary to 

aaplify the pressure àignal to ob~ain an accurate value for 

the tack force, but the noise produced by the transducer 
/ ~ 

eircuitry 'las ai80 aaplified. -This made it cf'ifficult to 

o~tain accurate data fr~ the ttansducer output. Many 

. dlfferen't ,kinds of filter circuit were tried but non, of 

"-'-'-" -_._~-------"-~ 
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- these succeèded in providing .a satisfactory signa1,~ 

'j/ 

what was needed was a sensit;ive' but robust min.iature 

pçess~,-:e fransducer, and a further s~arch léd to a mode1 , , 

manufactureç by PCB Piezotrqnics Inc: Piezoelectric devices 
, , 

ar'e noted for 'theh' wide 
, ' 

pressure, r;ange,' good frequency 

response an<;1 rigidity. A mode1 10SA13 w~s order"éd. Th,is 
• ~, 1 

transduce,r can' also be supplied by the manufacturer with a 
, " 

cu'r!.7ed pressu're-sensitive surface to fac'i'+itate J,.ts mounting: . 
in'. cy1indrical surface. '~ 

\ 1 . 
This transducer makes use of a quart~ crystal for' 

" 
, . , 

J- ' 
pressure to charge transduction and has a worklng, pressure. 

range of 0 to 1000 psi. Compared to the Entran transduce.r 
\ 

,(BPXS-10W-SOO) i t: has a 50% smailer ,sensing a~ea, wh:Jch -îs--~ 

better for localized pressure measurements. 
, ' Yurthermore', i t 

, 1 

has a. sensitivity of 4.023" mv/psi",,\WhiCh is 19.626 timés 

bigber' than 'tbat of tb~ ~tr~n trans,ce~ ,(O.20~ my/psi). 

The', PeB tn~nsducer' wa!=J m.ounted (in th~ plate at the sarne 
, ' 

horizontal level as the Entran transducer and the proximity . ' 

probe. ' ',ig. 3,.S shows t.he,. locations of the PC~ t.ransducer 

and the proximity pr~be. The mounting of the' ~& transduc~r - ... 
Is "sh6wn in Fig. 3.6. As the Entran transdûcer did not give . , 

:i , " .. 

usefu,l results,' it vas re~oved frpm the plate. The PCB 

transduè:er was used for a~l subsequent experiments, and ttie 

output vas founq to be very good in qua1ity. Next, an 

at;t~pt ,vas made to reduce "the film thicknéss to 1evels' 

, . 

t J 

" . 
.. , 
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coaxial 10-32 UNF-IA 

Figure 3.6 Mounting arrangement for the PCB pre~sure 
transducer. (AlI dimensions are in mm.) 

'1 

41 

r • 

• 

-, 



( 

______ ~~I~~r ________________________ _ 

.. 

42 

c1pser to those of an ,aotua1 printing situation. For this . 
" purpose the amount Ç)f ink on the plate. was gradually 

reduced, and tack readinge were taken. On reducing the film 

thickne~s below 50 microns, the transducer did {lot 
, ij 

respand 

at aIl. 
, . , 

~he reason for this was probably improper contact 

between the plate and cylilfder. The surfaces of bath tne 

plate and the cylinder were e~amined, and it was found that 

the plate was lower in the center a10ng aIl its width, 

causing the cylinder to touch only at the edges. Similar1y, 

the cyl'inder was:1'-~ot fl,.at and smooth. A lapping operation 
. 

vas carried out to flatten, and 'smooth bath surfaces. As an 

addi tional safeguard the outer one inch of the cyli;\der 

surfa~~ w.ury -ceduced 2 mm in the diameter on both sides. The 

tolerance achieved after this surface modification work was 
Il" 

less than 10 microns. 
( 

P'inallY, thè analog storage scope was replaced by 

digi tal storage oscill~ope to store the signal from the 

apparatus. As this oscilloscope stores data in digi tal 

fota, int;erfaclng, the os'~iÜ.oscope to a computer was 

facilitated, and a personal micro-computer (model IBM\ PC) 

was interfaced with the oscilloscope. An interfacing board, 

GPIB-PC2, made by The' National Instruments was installed in 
-

the computer 'to in,terface it vith the IEEE 488 interface of 

the os~illoscope. A proqram was written to acquire data 

frOllÎ the oscilloscopè through the interface and to calculate 
, 

the JUxilltm pressure in the nip,· the tack value, the film 

-_r" _____ _ 
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,thickness and the speed, and to plot the waveforms on a dot 

This program is' listed in the Appendht D. 

3.5 PilUll. I!:perbeDtal Set:ap 

/ 

The experimental apparatus, including aIl the features .,-
described above, is shown in the Pige 3.7. The apparatus was ' 

placed on a table, on the side of which the electrical 

circuits fo.r the pressure transducers and proximity probes 

were fixed. The diagrams of these circuits are shown in the , 

Appendix E. The output signal comiJlg from the pressure 

transducer is fed to the left amplifier and that from the 

------Pfi)ximi ty pr~be to the right amplifier of the digital 

storage oscilloscope. The oscilloscope was interfaced to 

the personal computer with an IEEE-488 interface and cable. 

The necessary software programs to acquire data and to do 

calculation and plotting were loaded from~ floppy disks. 

, 3.6 Pinal BzperiMntal Procedure 

The a~paratus, the oscilloscop"e~. and the personal 

.1 
\ - , 
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'.'. , 
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. 
cCIIlputer we're ar r anged as descr ibed above. Th~ angl,e of the 

plate to the horizohtal was fixed to the desired value for a 
~ 

\ 

, 
particular' speed. Pressure Of' air, supplied to the air 

cyl inder, was set around 15' ps i. The po~er supplies for the 

oscilloscope , the transducer and the probe were turnéd on. 

The powè-r supply to the computer was also turned on after 

putting the software d:Jks in the proper diskdr ives; the 

GPIB-PC distribution d~sk is to be placed in drive "a",\Cthe 

default drive), and. the Basic program disk is to be placed 

in the drive !tb-. As the PCB quartz transduç:er" ls a charge 
, 

device it takes a few ainutes to achieve nearly' zero voltage 

output fram the transducer.. "l>The proximity probe gives ,a...-----
, " 

maximum negative vo~tage at Infinite distance from the 
.,. 

target surface; i.e., lthen the cylinder j.s far away fram 

-!t. As the cylinder surface comes near during an 'experiment 

~~, proximity output increases towards zero vOltage • 

. 
After the programs have been loaded and are ready to 

, , 

run, the plate is inked wi th the rubber raller (see Fig. 

3.8) and then, if required, with the cylinder by rolling it 

up and down the plate by hand. When a good distribution of 
1 

ink on ,.the plate is achieved, the cylinder is fixed in the 
o 

clamp at the upper' end of t~e. plate, as shawn in ,Fig. 3.9 • 
. 

The controls on the oscilloscope lare set ta tr igger and 

capture the transducer signaIs. The cylinder is released 

fram the clamp and rolla down the' plate. ,When it passes 

over the probes the, oscilloscoPe ia tr iggered and stores in 

1 

- '--:--, ,>,--.';é .' -:--;, • -=0 
'., .-~ 
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/" 
.. a single sweep the outputs frOIII both probes. The cylinder 

hi ta the lover stopper and stops abruptly. The stored 

signaIs in the osci1loscope are sent to the computer, and 

·the Basic program is run ta do the calculations, print the 
1 

resul ta .and p10t the waveforms ~ the screen. 

- . 
If the (fi1m thickness 'of the ink on the plate is not in 

the range required, the. plate is inked again. :rhe 
. 

exper iment is repea ted for the same angle of the plate but 

for different film th!.cknesses for a given ink, to study the 

errect of fila thickness on tacJc. 

1 

, ./ 

1 
1 

) 

/ 

• 

o 

.. 
, , 

~ . , 
1 

1 
t 
j 

1 , 



. 

- .... , .. , 
; 

i' 
{ 

• 
1 

! 
! 

t 
1 
\ 
1 

~ : 

t 
;; 
;. 
r 
; ~ , 
J 

,1 • 

1 

,0> 

, , 
l 
1 
1 

1 

'f 
f 
t 

( 

• 

1 -

, 1 

49 

> , 1 
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...,œs MD DISCOSSIClI 

The compositions of the inks used in ~his researcb are 
1iated in table 4.1 (S, 28, 46). 

!'ab].. 4.1 : ~8iti.on8 Of Ina Oaec1. 

Ink No. Black Base Varnish 
wt. , wt~ , 

2 24 33 

18 ) 60 33 

Varnish: 30' Picco 6140-3 Resin. 
70t Sunthene 4240 Oil. 

Oil 
vt. 

43 

, 3 

Bl~ck Base: 33.3% Elftex 8 Carbon Black. 
66.6% Sunthene 4240 ail. 

t 

Asp6altaa 
pitch 
"t. , 

4 

A plot of cylinder speed versus film thickness la shown 

in Pig. 4.1, for both' inks and two different anqles of 

inclination- of the plane. It can be see~ ~hàt the speed of 

" 
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the cy1inder remainss almost constant for a ,givèn angle of 

inelin~~ion . of the p1ane, irrespective of, fi1m" thicknéss or 

ink compost tion • Hère speed caleulations are shown fGr both 

inks 18 and 2 • 

,if 

Some typical experimental res'~lts are shown in Figs. 

4.2 to 4.5. Fig. 4.2 shows the press~re and proximity output' 

versus time for a typical exper iment. 0 As we can . see from 

the p1ot7 ,the pressure output shows two peaks, a u posi tive 

and a negative. The pressure profile is comparable to that 

shown in Fig. 2.1. The negative peak value is' referred to in 

this work as the measured tack. The proximi ty probe output 
D ..,. 

voitage increases from a base negative value toward'S zero 

and drops back to the sarne base level, as the cyl inder 

pass~s over the ~roximi ty probe. The peak value of the 

proximity probe output for an e"xperiment :with the plate '0 

inked is compared wi th the peak value of an experimen1j. 

without any liquid on the plate to calculate the film 

thickness. The waveforms are' captured by the storage 

4 Ç)sci1loscope and downloaded to the 'IBM PC, which calculates 

the, peak values" and pr ints out the resul ts and the waveforms 

as shown in Fig- 4.3. Another typical experimental result is 

shown in Fig. 4 _ 4 wi th the corresponding computer pr intout 

shown in" Fig. 4 • S.' It is to be noted tha t the shape of 
.. 

output waveforms 18 the 8ame as ~or the pr~ious experiment 

shown. 
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Ink. no. 2 
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Maximum pressure 53.69 psi. 

Film thickness 59 micronEi~ 
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Scale: X- Time 1 div = 1 msec. 
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a typical experiment. 
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Ink no. 18 Ang~e of plane 60 deg. 

Maximum pressure ·35.92 psi. Tack' 38.65 psi. 

Film thickness 

Scale: X- Time l 

52 microns Speed 1.88 .rn/sec. 
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Tack is defin~d here aS the maximum negative pressure 

lIeasured by ~ the 4tr,ansducer. Fig. 4.6'0 shows a plot of tack 

versus fil:m thickness for 
/ 

ink no. la-- as measured at two 

different speeds. ,The) res,ults do not seem to show a 

correlation between tack and film" thickness. 
"'-

associated wi th lower ,film 
1 

thickness, 

Low speeds are 

because these 

conditions both re~;ult from lowangles of inclination of tiie 

plane. Bowever, for a given thickness, the lower speed 

results sho~ larger tack. For "a small range of film 

, thickness we cannot conclude anything about the var iaUon of 

tack wi'th film thickness, but consider ing a wide 
L 

range of 

film thickness we can see a general tendency of increasing 

tack with film thickness_ 

Maximum positive pressure versus film thickness for the 

same exper iments on ink no. 18 and at two different s'peeds 

is plotted in Fig- 4.7. For clarity, an expanded view of the 

sue plot is shown in, Fig. 4.8. It can be seen that the 
, 

maximum positive pressure in the nip 
i 

thickness in the same way as 'the_' ~ack. 
-

varies vith film 

This SU9gestS sare , . 
proportionality between the positive and the negative (tack) 

pressure peaks. This is supported by the resul ts shown in 

Figs • 4.9 and ... 10. Fig. 4.9 i s'a plot of the maximum 

posl tive PE~as\1re versus tack (maximUJll negative presslIre). 

An eXPflndea, view of the sue 'plo~ ,is shawn in Fig. 4.10. 

However, as we can see frOID these figures, thé ré1ationship 

ls not linear. 
0" 

• 

.~-----
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Almost the same type of resulta are obtained for ink 

no. 2 as shown in Figs. 4.il to 4.13. 

An effort was made to explain the high degree of 

seatter ln the tack measurements. One thought was that inks 

have tlme dependent rh~ol09ica1 properties and that this 

might affect their sp1itting behaviour. To study time 

dependeney in the tack measurements, the time 8equ~nce of 

the measurement was noted. The reaults are ,shawn in Figs. 

4.14, and 4.15. As ve can see there Is no -evident 

'relationship between taek and time. Figs. 4.'16 and 4.17 

also show 'the irrelevance of time in the taek aaximWl 

pressure relationship. 

Another possibili ty is that the cylinder la slipping 

rather than rolling over the transducer so that tbe 

splitting _chanisa is different froa the one deslred. An 

att_pt "as _ade to re4uce the sl{p .,y placing the core of 

the cylinder eccentrlc to the shaft center, a1though th!s 

would not totally eliainate slip. To reduce the slip to an 

acceptable level, the inertia of the outer shall should be 

very saall cOlipared to that of the central core. In other 
......... 

vareSa, tbe U8S of the shell shouleS be very aaall cOIIpared 

to tbat of the core. Such a design ls dlfficult to 

acbi.ve. 

.' 
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4.1 Propc?sed IIIproveants Of ftle 'l'ecbni9'!e 

The technique needs to be improved in following areas. 

1. Im}2rove ease of clea~ing. 

2. Develop a method to quickly apply a uniform coating of 

ink to the roller and plane. 

3. Increase the durability of the apparatus and 

resistance to surSece denting. 

4. Employ a dedicated microprocessor-based 

acquisition and analysis system. 

It would he a good idea to keep the heavy raller 

- -' attached somehow' to the device so that i t cannot be removed 

from the apparatus. This would make it more durable, 

because it reduces the possible - number of in~idents of 

scratching or denting the surfa~e of the roller. Also, i t 

would increase the operator's safety because there would be 

no way he or she could drop. the roller onto the floor. 

Bowever, some provision would have ta be made ta remove the 

raller to do mechanical work like machining o~ polishing. 

, 
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By some means the roller shou1d be lifted abopt one 

centimeter above the plane to aid in i ts cleaning. Ta 

minimiZ~he need to touch the meta1 rol1er and ta main tain 

the independence of' the machine from an electr ica1 motor, , 
\ 

one of the shaf t e1ds on the 

accept some form Of) crank or 

cy1inder shou1d be able to 

hand1e ta turn the rol1er. 

This would make clean up easier and faster, as weIl as 

eliminating the need to remove the raller from the machine. 
\ 1 

Current1y, the base plate of the apparatus has an 

adj us table leg, and a protract.or wi th bubble indicator is 

lfsed èo level the who1e ,.;instrument. This technique ensures 

that an even film thickness resu1ts from the roller moving 
o 

down th~ plane. 
( -. . ferhaps a fixed circular bubble indicator 

would be' more convenient than the protractor. 

Oniform ink dis!ribution is a ser ious problem wi th the 

apparatus. The rubber raller currently used does not ensure 

uniform ink distribution. It should he replaced wi th sorne 

other device to get uniform ink distribution, over the 

plane. A knife moving up and down the plane and maintaining 

a constant gap between the plate and knife edge is one 

possibility. Bu~ in this case, controlling the gap in the 

micron range is dffficuit. Another alternative is to Mount 

a small rubber ro11er on top of the pres$llt raller in such a 

way that it reciprocrates while turning. This would help in 

obtaining a uniform distribution._ 
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At the present time the output signaIs from the 
\ 

apparatus are captur.ed and stored by the digital 

oscilloscope, and the computer then 'acquires and analyzes 

the data. These two expensive instrumental systems could he 

replaced by an inexpènsive microprocessor-based data 

acquisition and analysis system. Ideally this dedicated 

system' would .receive analog outputs from the apparatus, 
- \1 

convert them into digital form, store the data and after 

suitable computation them dtsplay the results. 
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1\ 
Cbapter 5 

The technique developed in this research could be used 

to measure the tack in an actual printing nip, if a 

transducer were to be mounted on one side of the nip. A 

laboratory printing press that co~1a-be used for this kind 
, 

of experiment ia shown in Fig. 5.1, and an inking apparatus 

that could be used wi th 'the press is shown in Fig. 5\.2. Such 

a press is currently being fabricated at th~ Pulp and Paper 

Research Institute of Canada. 

5.1 .Principle Of Operation 

t ., 

.... 

A printing plate is inK1!d by an _ inking apparatus and 
--the amount of ink transferred to the plate is determined by 

weighing the plate before and after inking. The plate is 

attached to the plate cylinder of the printing press over' 
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Figure 5.1 Inkinq apparatus for laboratory printinq press. 
A: Steel roll. 
B: Oscillating plastic-covered roll. 
C: Ink:transfer roll. .i 

74 

D: Cy11nder. ' 
E: Steel cylinder on w~ich the printin~ pYates are 

, ' 

fastened. r 

F: oevice for pressure requlation. ' 
G: Ink-trans!er plate . . 
H: Ink leveller. 
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Laboratory printing 
Plate 

press. 
A: cylinder J: Pulley 
B: Blanket cylinder K: Knob 
C: Tachometer L: Cam plate 
D: Manometer N: Fastening device 
E: Balance device P: Arrow 
F: Pressure'chamber Q: Scale 
H: Piston R: Hand~he~l 
I: Pump 
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the pressure transducer mounted. on the plate 'cylinder. The 

pr inting to the blanket cylinder will be _ performed under 

specified conditions. The plate will be removed fram the 

plate cylinder after pr inting to the blanket. The image 

wiH be back-prinfed from 'the blanket to the plate surface, 

and tack measurements will ~ made. Thé amount of pr inting 

ink transferred to the blanket, and the film thickness la 

calculated by weighing the plate before and after ~r inting, 

and by taking into account the printing area. 

5.2 '.l'he Inkioq Apparatus 

.... 

The inking apparatus consists of: 

1. An ink distribution unit with the raIls A, B and Cr ')-J 

la 'an oscillatinq plastic roll. The unit includes an 

, ink leveller H, which moves axially,over the roll A. 

2. A cylinder D, 84 nun in diameter, to which an , 

in~~tranafer plate G of polyurethane polym~r ia \ 
1 

attached. This plate, is 2.00 + 0.15 mm thick nd has 

a hardness ~f '300 + 50 Shore. The periphera1 v locit;.y 
\ -

of the cy1inder i~ 0.85 m/s. 

3. A steel cylinder E, 112 mm in diameter, to which four 
1 
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printing plates can° be attached. The position, of each 

plate ls marked wi th i ts number. 

By means of a wheel F the rolls C, D and E, which are 

cannected by gears, can be brought into contact with - and 

separated from - each other. The peripheral velocity of the 

cylinder E i8 0.85 mis. 

~ 5.3 Laboratory Printing Press 

The ,printing press consists of. twa 9ylinders, A and B, ... 
each 14.0 mm in diameter. The rotation of the plate cylinder 

A and the blanket cylinder B is synchronized by gears. 't'O 

the plate cylinder four printing plates can be attache~. A 

pressure transducer with cylindericâl-convex diaphragm will 

be mounted on the plate cylinder at the location of the 

plate so that when the plate 18 attached to the plate 

cylinder it cavers the transducer. The blanket cyiinder ls 

covered with fi rubber blanket, 1 mm in thickness, consisting 
) 

of a 0.70 mm web combined wi th a 0.30 mm synthetic, rubber 

sheet wi th a hardness of 850 + 30 Shore. The blanket is 

l'l./ mounted on the cylinder by means of a fastening device N. 

The pressure between the plate cylinder and the blanke't. 
, -
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cylinder can he varied by means of a pneuma~ic ,system 

consisting of a pressure chamber F, a piston H, a pump l and 

a lever system connected to the blanket cylinder. ,The 

blanket cylinder is brought into' contact with the plate 

cylinder by means of a lever system including a knob K and a 0 .... 
cam plate L. The peripheral spéed of the plate cylinder A i5 

, shown . on a tachometer C. The pressure of the pneumatic 

system indicated on the manometer D is calibrated as 

described in Appendix F, by means of a balance device E. 

-The printinq plate that is· to be used for the 

experiments ls made of phosphor bronze, 0.200 + 0 •. 015 mm 

thick, . (~IS . l4S4~8-07) wi th a 100 percent pr int,i:q 

The surface roughness should not exceed 0.5 microns. 

area. 

A sto,raqe 

outPut~om the 

1 

5.4 Procedure 

-
( 

oscilloscope Is to ry used 

pressure transducer ~.o measure 

" l, ~ 

5.4.1 Inking of the printing plates 

to record the 

ink taçk. 

Clean the whole inking ,apparatus and both sides of the .. 
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printing plates with petroleam teh~ine (boiling point 45 to 
• 

60oC) and surgical cotton. Polish 'the plates wi th dry 

surgical 'cotton. Weigh the plates and mount each one in 

place in the ink~ng apparatus - the numbers on the plates 

should correspond to those in the inkinq .. apparatus. Av~id 
'\ 

touching -the p~inting area of the plates, land handle them _ 

only at their edges. By means of a syr Inge o~ an ink 

pipette apply about 2 ml of pr inting ink to ~oll A. Wi th the 

pressure between the ink-transfer ,roll C and cylinder D and 

E released start the inking apparatus. Allow the cylinders , 

ta make a few revolutions, ~apply pressure by me ans of the 

pressure regulation dévice F and let the apparatus run for 

at l~t 20 seconds. Release the pressure at the moment 
-~ 

when the ink-transfer plate G is no longer in contac~ jth 

any of the printing plates and stop the apparatus. Remo' e 

printing plate 1 and weigh it. Ink the remaining thr e 

- plates as described above. 

" 

.. 
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The amount of ink on a plate depends on the amount removed 

frOlll the r'Olls A and B dur ing each inklng stage. Ta ink a 
l, 

plate the apparatus shou1d be" run for about 15 seconds. 

5.4.2 printing on the blanket 

Pix the inked printing p1atés in their appropriate 

positions on the plate cy~inder. Start the press and 

- regulate the speed to a certain value (RPM) as read on 

tachometer C, corresponding ta the desired peripheral 

velocl ty. Increase the pressure in' the pressure chamber F 

~ith the pump until the manometer 0 indicates a value 

corresponding to a linear pressure of 157 N/cm (15.7 kgf/cm) 

between the plate cylinder A and the blanket cylinder B (See 

Appendix F). Let the printing apparatus run for a few 

seconds. Start printing. Turn the knob K counterclockwise, 

keep it in position only for a moment, to avoid printing 

twice. Stop the apparatus and remove the Plates •. weirh the 

plates. 

5.4.3 Measuring tact 

,Perform the printl:n<r' as earlier described, but no~\.... 

without: the plates and from the blanket: to the 
\ 
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transducer-bearing plate surface. Record the transducer 

output on re oscilloscope and calculate the tack. 

5."." Pila thickness ca1culations 

Calcula te the amount of ink transferred to the blanket 
-- _ from the expression 

, G' - G 

A 

Mhere 
pr in ted area, m~ A • the 

G • the 
G la the 

and X .. the 

weight of the pr inting plate after pr inting, 9 
weight of the pr inting ~~te before pri~ting, 9 
amount of printing in~( t nsferred, g/m • , , . 

, . 
Calculate the film thickness on the blanket from the expreSSl.on 

x 
F • -----, A 

Where F :II film thickness, cm 
and ~:a density of the ink, 9/cm3 • 
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Chapter 6 

COELOSIONS AND RBCOMMBNDATIONS 

\ ---
6.1 Conclusions 

1. An apparatus was designed, constructed ànd deve10ped -

ta e~,aluate the ability of inks~to support tensi1e 

st,J:esses during film splitting Ûl ~ printing' nip. It 

was assumed ~hat 'tack' is- associated with the maximum 

2.' 

tensi1e force supported by an ink 

film splitting occurs. 

1. , ., 

film just before 
) 

--~ç " 
~--=-

A miniature pressure transducer was moun ted' on one " 
'. 

face of a $imulated printing nip. to record aceurately 
\ 

the nQrmal forces occuring under printing conditions. 

1'0 m~asure' t~e film thicknesl ~nd. speed of the' 

apparatus 'a 'proximity probe was. also moûnted on tM! 
\ 
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sante; face. 

3. The pressure output alld the proxilli ty "o~tput ~ the , . 

apparatus were reco.rded and stored on..'l a digital 

storage oscl11oscope. This stored vaveforms were 

downloaded t.o a persona1 computer int~rfaced vith the 

oscilloscope and th..e CC8l!uter dld calcu1ations and 

pr inted resul ts • 

4. 'l'tle apparatus vas used for tack Ileasureaents on two 
. / 

ink formulations and at tvo d-iffetent speeda. 'It la 

sbawn that .. tbe speed .. asureJaents are reliable and 

aCClX.te. Al.'tbough the result. do not sbow any 

correlation betv.en tack and . fila tbickness. tbe 

pressure profile' in the nip is ca.patable to that 

hypothesil~d by previous ..otkera. It 1. sbown tbat 

tbere ia no tiJH depend~ncy ln tlie tac,," •• sur ... nts. 
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6.2 .. C>7 ..... tiCIIUI ' 

1 , 
, 1. FUrtber vork on the apparatu. has to be done to study . 

\ 

2. 

the r.elationship betveen tack, ~ 1111 tbicknesB and 
, . 

"xiii .. positive pre.sure. 
1 , 

la 'c!esirab1. to ' atudy 

caapos i tion on tack. 

the' efrect of Ink 
1 

3. tt ia reec.aenc!ed, to aealgn a support SYflt_ ta te.p 

t.bt beavy raller .t~.clMtd to the, .Pliaratua to _ke 1 t 

acre durab1e anel '~f •• 

&'. fte ea.. of cl.aning needs ta he iaproved, by 

'-lIOdiricatiOft of the 'apparatWl •. 
1 

s. ft. rabbar roller uaecl currently to apply fnlt to the 

0' 

, , 
pli-=- lurface abou14 bt r.Placed vi th ,la.. other 

.. tee to obtaift .• .ore Wlifotll iDk di.tributlo .... 

t'be digital .tor~,e oac~ll.08COp.lt Ind 

coald . 
" . 

aicroproce .. r-,,- a.ta acquisition 

the caçuter 

illeXpenai ",e 

and .. 11"1111 
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'l'he te,chni,que developed in this research could he used 

to measure th~ tack in an actuàl printing n,ip, if a 

transducer' were to be mounted on one side of the nip 

in a laboratory printing press'. Such a press fs 

currently ~in9 fabr icated at: the Pul:P and Paper 

Research Institute of Canada. 
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Appendix A 

RIP VARIABLES 

DIPOIa'qT IIIP VAllIA8Ltœ AlIJ), '·'ftIBD 
ORoBR OP "ImDB VALDBS I~ lIIP PU1If 

, VARIABLE 
. --------

Ink Pilm Thiekness 
(eharaeter i~tie 1ength) 

Tangent!al Roller Velocity 

Pressure ~aximum 

Typical Ink Viscosity Value ~ 

'l'ypical Ink Dens i ty va~ue 

Nip Resi,fience Time 
(eharaeter latie time) 

Ink - Raller, Interfacial 
Surface Tension 

\ .. 

1 

.. 

ORDER OF MAGNITUDE 

--------~--------~ " io-6 m 

10 mIs 

• -:? 1 MPa . 

10 Pa.s 

\ lO~ kg/.3 

\ 10-3 

! 
s 

1 

10.2 8/1l, 
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"" •• lIb: • . ' . , 

1 

- , 
1'1g 8.1 show. th. caljbration c:urve for the proaialtor, 

obtalned and u.ecJ in 'thi. re .. arcb. 
.... 0(' 

... 

/1 

\ 

d 

fte set up for prqxlaity probe calibration' ls ahown in 
, 

P1g 8.2. 

fo'howing .. 

1. . • 

FOr propet- calU;cati'on of the proxiaity. probe, " 

propedure sbould be followecJ • 

" 1. Connect the t.st ~i .... nt. .. ebown .1n the set up. 
r -

"'~1. coa.necting, , power ,suppl!, observe proper 

pol.rity. 
, 1 

" 
"-

,,' , 

, 

. --. -~---- -
~ -

_. 

" 

, , 

",-

, 
1. 

. ". 
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2. Set the spindle .icrOlleter -on 'the calibration mounting 
" ... 

to zero • . , 

3. Mount 'and adjust the probe on the opposite end, so . 

.t. 

'that tbe probe tip Is touching the target t{p on the 

spindle o.f lIicrometer and readin'g on the' micrometer ia ,. , , . . 
zero. ttighten tl\e l'ocking ,nut on the probe. (Note: ' 

) 

Tbe probe ti,p should be hanging in the mounting . ~ 

braeket for about 8 1111 to eliminate error-in reading 

due to the effect of eleç1:r01llagnetic' field of the 

probe on ~he .,~nting ·bracket.) 

'l, 
Inereaae the distance between the probe. and ,target, 

--fi • " 

(vbich should be of the s'aJDe metal élnd finish as the 
, 'J' 

;-

cylinder-r-shell) in certain incremen·ts, by.: adjusting 
• 0 

the .lcrcaeter t and record the' distance (the gap) 

"versus out~ut voltage read on t:he multim~te~. 

o 

5. Plot tbe voltage output versus the distance 9r ~~pare . 

0" 

• ..,h to the desirec!' calibration curve. 

, . 

\' . 
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. the' ,transducer is' 04t of to.lerapce '" ' , recaribrate the , .. 
transducer, 'as follows: ., , 

" -- -- ~----t', ---- , " 
</ ~ <:.~ . . 

l • Remove . the ,~pr~tect ive assembly and' .c-al: ibrat: ion . . ~ " . 
, 

, " resistor from ,the proximLtor. , , , 

"\ . 
" ~ 

:: : 
..1 

2. Connect 1 the variable resistor and ,~erform the' .' ' 

preceding calibration procedure u{ltil the' desil'ed 
. , 

calibration curve is obtaine'd. (Note: ITlere~sing, the' 

resistance between the, calibratio~ 

"l3ecrease the absolute 
, , ' 
value.. and 

. calibration curu. 
'. . .-

Decreasinq lt 
, \ 

absolute value and slope to ~ inc.rease'. 

terminaIs 
' .. '. 

slop. 'of: 

win:', . 
the. : 

,q, 

" j " 
, of ' • 

will: , c~use . ~hf;t-
: .' ~ ~ . , . , 
~ " .. ' ~41 

'/ 

. , . 

,- , 
, ' 

3. -When the desired cafibration eur,ve 18 ;obta'{ned, r~O.v;e,':,:.' 
\ .. t' :' <t ~'. "IIr ~; • Q 

1 4 • 

'. . , ,. 
the variable "resistor, from the 'calibr~t((;>n :.,termi~al,s ,:; :, 

, - • 1 

resistanc~, •. ~uid, mul t~metei:' " 'measure i'ts 
, r using' the 

o '" ~ '. "" 

Select a metal;-film .resistor equal, te:>" the Ile asuz:ed,' 
, . ~ . 

res~stance of" the var'iable résistor. 
,< 

fO' 

Install the metal-film resisto~, t?etween the 

calibration ,terminals •. \ II:, is accepl:a~e'~~6 ;b~~ct 
two metal-film ,resistors in parallel to btain ,the 

" • ,1 

desired resistance' value. \,. 
. . 

, ' , 

5. After the resistor' has ~en solder~ -betwelft .. the 

, " 

, .' . 
terpainals, the protective asselllbly lIlust,be replaced • 

, t 
( 

" 

. ,' 

. ~." .~. . " 
" . ". , 

'. , 
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Appendlz C 
, 

. CYLQDBR SPBBD CALCULA!IORS 

Tlie g~OIIIetry of a cylinder rOllinq over cS plate covered 
. 

vith 11quid film la shown in Fig- C.I.· . . 

'l'be notations used here are, 

R • Radius of the cylinder 
. 

t . '. Time '(t.O at the point of minimUil gap) . 
8 _. Angular CÇ>-ordinate.-J8· • 0 at t • 0) 

'1 

P(t.) • Gap at tll1le t . 
. 

p' • Minimum, gap between the cylinder uc! the pl_te 

n· • Angular veloclt~ of the cyl'inder 

v • Peripheral, velocity of the .cylinder 

Frc. the siÎlple ge~etrlcal calculations ft Caft get, 

!'(8) .'p' +. (R-Reosl) 

" But \ .. , 

•••• ; • (1) 

• • nt 

henee , 
1 

,(t) • r~ t 'R(l-c;:oa nt). - ••••• '. (2) 

~ 
. i , 

., 
! • 

, 
j 
, .. 

alarrpqiftCJ 'equation (2' r~~, ," 
\, '~l 

t' 
.,,~ -~ 

• 1 "': 
i'D 

, " -_.,,'-~~ .... -"...,~jH ~.r 1 
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.~---------~~.-'----------------------------------------------~ 

'il • \l/t COtI-1(1-(,(t)-P')/R) 
~, 

Aa4 .. rl~ra1. "loèlty-~J----

v • .nI 
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• a •• •• (3) 

0ca a ••• (t) 

A t:JPlcal. plot: of !' va. t' la allown 1ft '19. C. 2. If ve 

__ uce P' ancI P(f:} at tiM t avay, 

.... lar apeeCI and subsequently the perlpberal "l.ocity of the 

cyli..... br ualft, ...-tloria (l) and (t). 
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/' 
1 CLEAR ,40000t 

, 2 IBIRI-t'1 • 400001 
-3 IBIRI-t'2 • IBlaITl + 3 

4 BLOAD -bib •• - ,IBINITl 

J 
:'" - . 

, , 

Appeadlz D 

• IBM BASICA Declar,ations 

• Lrnes r l' thro\igh 6 MOST be 
inc1uded in your prdgr._, 

.. "') 

l' 

5 CALL IBINI'!'l (IBPIND,IB'rRG, IBCLR, IBPeT, 18SIe, IBLOC,IBPPC, 
IBBNA,IBONL,IBRSC,IBSRE,XBRSV,IBPAD,IBSAD,IBIST,I~, 
IBIOS,IBTMO,IBBOT,I8RDP,IBNRrP) 

, CALL IBINIT2 (IBGTS, IBCAC, IBWAIT, 18POI!, IBWRT, IBWRTA, IBCMD, 
IBCMOA, IBRO, IBRDA, IBSTOP, IBRPP , IBRSP , IBO IAG , IBX~ , 
IBRDI;IBWRTI,IBRDIA,I8WRTIA,IBSTA',IB!RR"I~) 

7 REM Optionally include the folloving decl.arations in your 
8 REM program. They provide appropriate mnemonics by which 
9 REM to refèrence 'commonly ,used values '. SOme llU'ÏellOnics ", 
10 REM (GET', ERR', ENDt, ATNt) aie preceded, by -B- in order 
Il REM to distinguish them'fram BASICA keywords. 
12 REM 
13 REM GPIB Commanda 
14 ONLt • &R3!' • GPIB unlisten COIIUIIan4 
15 mm - &RS!' • GPIB untalk cODlJlland 
16 G'l'Lt - &Rl • GPIB go to local 
17 soct - &R4 • GPIB selected device clear 
18 PPC' - &RS • CP~B paraI leI polI configure 
19 8G~ • &88 • GPIB group execute- tr iggtfr 
20 '!CT' - &R9 .• GPIB take control-
21 LLO' • &Rll. 1 GPIB local. lock out, 
22 OCL' - &Bl<l' GPIB device d1!ear 
23 PPU' 111 &B15 • GPIB ppoll unconfigùre 
24 SPK.' - &B18 t GPIB seriaI poIl. enabl.e 
2S SPO' - &R19 • GPIB seriaI poIl. disable 
26 PPE' - &B60 • GPIB paraI leI polI enab1e 
27 PPD' '·"'R70 " • GPIB parallel polI disable 
28 REM 
~9 REM GPIB status bit vector 
30 REM -global var iable IBSTA' and va i t mask 

. 31 BERR.. • &88000' • !rror detected 
32 TIMO. • &84000 • Tilleout 

, • 33 BENDe • &82000 • PDI or BOS detected 

... 

. ' 

, 1 

", 
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100 . -

.. 
3'· SROI' - &81000 1 sag detected, 6' 

.35 RQSt • &B800 ' 'Device" needs service 
36 CMPLt,".· &8100 ' '1/0 cOlllpleted 
37. LOR' • &880 1 Local lockout state 
38 REM\ • &B40 1 ~emote s~a:~~ ; .. j. - , 

39 CIC' • &820 ' Controller-ln-Charge 
40 BATNt - &H10 1 Attention aS.$erted 
41 TACS\ - &H8 ' Talker active 
4t LACS\ - &H4 ' Listener active 
43 D'1'ASt - &H2 ' Deviee tr igger state 
U DCASt ., &Hl ' Deviee clear state 
45 ~ . 

..~ 
46 REM Error messages returned in global variable IBBRR' 
47 EDVRt - 0 ' DOS err1r 
48 BelCt - 1 Funetion requires GPIB-PC to·be CIC 
49 BNOL' - 2 ' Write funetion'detected no Listeners 
50 EADRt - ~ 1 Interface board not addressed' correctly 
51, BARG'., - 4 1 Invalid argument to fUn'ction' calI 
52 BSACt - 5 ' Funetion requires GPIB-PC ta be SAC 
53 BABO' - '6 1 1/0 operation aborted 
54 BREl. - 7 ' NOn-existent . interface board 
55 BOIP' - 10 ' '1/0 operation started before p'revious. 

56 BeAPt - Il 
57 BFSO\ - 12 
58 EBUSt - 14 
59 BS1'Bt - 15 
60 BSRO' - 16 
61 REM 

operation completed" 1 
,I No eapability for operation 
• Pile system opération error 
, Command error during dev~ce calI 
, seriaI polI status byte lost 
, sag remains asserted . 

62 REM BOS mode bi ts 
63 8IHt - &H1000 • Eight bi t .'compare 
64 lemSt - &8800 • Send EOI wi th BOS byte -
65 RBOSt • &H400 • Terminate read On !OS 
66 REM 
67 REM Timeout va1u~s and meanlngs " 
~8 'rNON!I lit 0 'Infinite 'Hmeout (disabled) 
69 TIOUSI:8 1· l 'l'imeout of 10 us (ideal) 
70 T30uSt = 2 • Timeout of 30 us (ideal) 
71 TlOOOS%.. 3 • Timeout of 100 us (ideal) 
72 T300US% lit 4 • Timeout of 300 us U,deal) 
73 TIMSt - 5 - f, Timeou t of 1 ms .w. deal ) 
74 T3MSt - 6 • Timeout of 3 ms {1deal) 
75 'TlOMSt lit 7 ~ 1 Timeout of 10 ms (ideal). 
76 T30MSt lit 8 'Timeout of 30 ms (idea1) 
77 TlOOMS%· 9 'Timeout of 100 ms (Ideal) 
78 T3QOMS% .. 10 'Timeout of, 300 ms (ideal) 
79 '1'151 - Il • Timeout of 1 s (ideal) 
80 T3St - 12 " Timeout of 3 s (ideal) 
81 T10St - 13 'Timeout -of 10 s (idea1) 
82 T~OS'. 14 'Timeout of 30 s (idea1) 
83 T100st • 15 'T1meout of 100 's (ideal) 
84 T300S1 .. 16 'Timeout of 300 s (ideal) 
85. TlOOOSI • 19 'Timeout of 1000 s (lD~xi.Um) 
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86 JtDI 
87 IBM Miscellaneou8 . 
88 St - 'Ba . ' Par allet Poll sense bit 
89 LP" - 'HA ' Line féed character 
90 REM 
91 REM 
92 REM 
93 REM 

APplication 'pr~ram variàbles passed to 
GPIB functions 

94 CMD$ • SPACE$ (la) 1 COJD;land buffer 
95 RO$ - SPACE$ (~55) • Read data buffer 
~96 WRT$ - SPACE$(255) t write data buffer 
97 BNAME$ :. SPACE$ (1) , Board name buffer 
98 BOMME$ == SPACE$ (7) , Board or device name buffer 
99·!'I.NAME$ - SPACE$ (50) 'File name buffer 
101.DrM LIFT' (1016) • 'Array for left channel 

i.e. pressure data. 
102' OIM RIGHT% (1016) - 'Array for right channel 

i pee proximity data', 
103 lNK-2: ANGLE-60 :LDIV-200 :RDlv=2 :TDIV =1 :GREP-3l1 

101 

, -'Most commonly use.d vafues assigned to keyboa.rd inputable 
varibles, which can he changed later on. 

10~ REM lNK- the number 'of ink used-, ANGL~" angle of plane_ 
with horizontal (deg), LDIV- left channel mv/c:!iv, 
ROIV=- right cllannlitl v Idi v, TDIV= time msec/d i V. . " 

105 REM GREF- reference gap - between proximi ty probe tip 
and plate surface. . , 

106 LTIME$=-TIME$ • Note down thè! .Mme in LTIME$, . 
'107' CLS :GOSUB 1960 'CLear the Screen and go for data input 

Q from keyboard. . 
109 LPRIN'l' CHRS (12) ; LPRINT 'Set on new page on pr ;i(nter • 
110 BDNAME$--SCOPE12" 'Lines 110 through 230 
120 CALL IBPINO (~BONAME$,SCOPE') 'communicates with the 
125 IF SCOPE' < 0 'l'HÉN PIUNT • ibfind e~ro[\- 'oscilloscope, 
130 cAnt IBCLa (SCOPE') ,- 'acquires data, from it, 
131 WRT$--ascii: access IF wfmpre?" 'and st;ores on a disk ' 
132 CALL 'IBWRT (SCOPE' ,WRTS) _ 'placed in drive b: and 
133 REM under the names data .lft for left channel 
134 RO$- SPACE$(66) "and data.rgt for right channel., 
135 CALL lBRD (SCOPE', RO$) 
136 Ll$-MIO$(ao$,22,4) 
137 L1-VAL (L1$) 
138 PRIN'!' RD$,L1$,Ll 

o 140 WRT$.-ascii: access 1: curve?" 
150 ·CALI. lBWRT (&COPE' ,WRT$) c , 

160 RD$- SPACE$ (6) 
170' CALI. IBRD (SCOPE', RD$.) 
US PLNAME$.-b:data.lft-
180 CALI. IBRD!' (SCOPE', PLNAME$) 
181 WRTS.- ascii: access ri wfmpre?" 
182 CALL IBWRT eSCOPE' ,WR'l'$)' 
184 RO$- SPACE$ (66) 
185 CALL IBRD eSCOPE', RO$) 
186 L2$-MID$(RD$,22,4) 

.,., 1. 

. , 

, 

'. 
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187 L2-VAL(L2$) 
188 PRIN't' RD$,L2$,L2 
190 WR'1'$.1I asc li, access r # curve?" " 
200 CALL IBWRT (SCOPE',OT$) 
210 CALL lBRD (SCOPEt,RD$) 
215 PLNAME$-"b: data ... rgt Il 
220 CALL IBRDF (SCOPE', FLNAME$) 
230 CALL IBLOC (SeOPE') , 

" 240 OPEN "B:DATA.LFT" FOR INPUT AS,l 'Lines 240 through 
245 REM ~ 11.40 t'eads data 
250 OPEN "B:DATA.rgt" FOR lliPOT' AS '2 'written to file 
255 REM . 
26,0 FOR 1=1 Ta LI 
280 FILENOl=EOF(l) 
300 IF FILEND1=-1 THEN LAST-I :Goro 
320 INPUT '1, A%. 
340 LEFT' (1) =A% 
341 REM 
342 IF 1=1 THEN BIG%=A% : SMALt%=At 

.343 REM 
344 IF A%>BIG% THEN aIG%=-At 
346 '1.F A'<SMALL' '!'BEN SMALL%=-A% 
350 REM 
420 FlLEN02=EOF(2) 
430 REM 

and find out required 
'values ~nd uses those~ 
'in the calculations. 

650 

'FILENOI & F1LEND2 
keeps track of end 

'of file, LAST points 
to the last data 

, 'of the shortest file. 
'BIG' and SMALLt is 

" data points 
'corrospondin9 to 
the +ve and -ve 

'pressure peaks. 440 IF FILElf02=-1 TUEN LAST:.rI: GOro 650 
460 INPUT • 2, at 
480 R1GHTt (1) =B% 'fiI% and LO' is the data 
482 IF 1-1 THEN HI'=B' : LOt-B% 'point'._at the minimum and 
484 IF B'>8I% THEN aU-B' :PTR=1 'infini te gap between the 
'48Q IF B'<LO% TUEN tot-Bt ~ • plate and the cyll.nder. 
500 REM ~R points to hi % in the array. 
640 NEXT l 
650 CLOSE , 
655 REM NULL% 18 the data that corrospond to zero, pressure. 
660 NOLL'-LEFT' (980) \ 
680 FOR 1 .. 981 'l'O 990 : NULLt=NULL'+LEFT% (I) :NEXT \ 
700 NOLLt.NULLt/11 \ 
840 ,OTHER'=RIGBT% (PTR+l.OO) 
860 MAXI~ (BIG%-NULL%)/100*LDIV 
~870 REM -. 
880 MINIMUM (NULL%-SMALL') !,lOO*LDIV 
890 REM 
900 PRE 
910 REM 
920 TACK~INtMUM*.24855 
930 REM 
940 DU PNGP(V) :.195.6066-12. 59922*V 
950 REM 
960 CLOS" (BIt-LO') /100*RDIV-21. 66 
980 GA~·FNGP (CLOS) 

'OTHER' ls another point 
'on proximi ty curve at 
one time di vis ion away, 

'used to calculate speed. 
of the" cyl inde r • 

'PRESUR is maximum 
positive pressure. 

''DACR is maximum negative 
pressure. 

'calibr,tion,function 
for proximity. 

1000 FL1'H-ZN'l' (GAP-GREF) 'FL'l'B is the film thickness. 
1020 AN-(OTEŒRt-LOt> /lOO*RDIV-21. 66 

.. 

.. 

, 
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1040 CRVPT-FNGP(AN) 'CRVPT ia cylinder-p1ate gap at another 
point, used for speed ca1culation. 

1060 ',l"-TDliV/1000 'T ls time between the twq point. 
1080 E-1- «CRVPT-G~P) /73 500 1) l' 

1100 F-ATN(SQR(-E*È+l)/E) 
1120 OMBGA=F/T 'OMEGA is angular speed of the cy;tinder. 
1140 SPEED=OMEGA*.0735 'SPEEO is perlphera1 speed of 
11~1 REM the cy1inder 
1142 REM Lines 1160 through 1540 plots the wave forms on 
11.44 REM the 1 screerl with 'othe' use of the computer graphies 
1145 REM system and these wave forms are printed on 
1146 REM the 1ine-printer.'when 1ines 1570 to 1605 is 
1148 REM executed after printing the resu1ts at· 1fne 1560. 
1150 REM 
1155 REM 
1160 SCREEN 2:KEY OFF:CLS 
1220 FOR r=l TO 10:L1NE (80,190-140/10.16""I)- ' , 

. (85,190":'140/1.0 .16*1) :NEXT '. 
124,0 FOR 1=1 ro 10:LINE (560,190-140/10.'16*1)-

(555,190-140/10 .. 16*1) :NEXT ' 
1260 FOR r-1 TO 10:LINE C80+I*480/10.24,190)­

(80+I*480/10.24,187) :NEXT 
1280 FOR 1-1 TO 10: LlNE (80+1*480/10.24,50)-

(80+1*480/10.24,53) :NEXT 
1300 L1NE (80,SO)-(560,190}"B 
1360 FOR 1=1 TO 1000 
1380 XX.80+«LEFT'(1)+512)/1024)*48~:YY.50+(1/1016*140) 
1440 PSETCXX,YY) 
1460 NN=80+ ( (RIGBT% (1) +512) /1024) *480: Z~.50+ (1/1016*140) 
~520, PSET. (NN, ZZ) 
1540 NEXT l 
1560 GOSOB 1660 
1570 DEF SEG • 'BPOOO 
1575 FOR Z :&1 0 'l'O 2 
1580 REAn J 
1585 PORE Z,J 
1590 ~T z 
1595 DATA &HCD, SBOS, SBCD 
1597 RESTORE 1595 
~600 SCREENPRINT - 0 
1605 CALL SCREENPRlNT 

'Print the results on the printer. 
'Lines 1570 to 1605 pr ints on the, 
'1ine-printer, tke waveforms 
'created ori the screen. 

1610 STOP 'Stop until a function kev. is pressed 
1615 REM fi to CONT1mJE for anotner exper1.JDent. 
1"625 GO'l'O 105 'Repeat the loop for another experimènt. 
1630 END 0 

1640 REM 
1645 REM The subroutine to pr int resu1ts on top of a paper. 
1650 REM The wave forms p10tted on the screen can be prlnted 
1655 REM be10w the resu1ts on the same paper •. 
1657 'REM n ' 

1660 LPRINT USI~ "&. & & & , tt. & t •• "; "Date" ,DATE$, "time" , 
LTlME$," Expt. NO. ", EX," Ink No.·, lNK 

1680 LPRINT USING "& •••• , ., •• ' •• , & •• ,t .•• ·;·Angle of 

p 

• 
l. 
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~ 

Plane (deg.) " ,ANGLE," MÀximum ~essure (psi.)", PRESUR, 
" Tack (psi.)",TACK < 

1700 LPRINT'USING ., tt., & Il •• t''1 
·Film Thiekness (mierons) ",FLTH," Speed (m/sec)"~SPEED 

1721 LPRINT .. 
1722 LPRINT USING ., .,., & "" & ".1"; 

·seale : = 8:-time msee/div" ,TDIV, "y-pressure mv/div",' 
torv,"y-proximity v/div·,ROIV 

1740 RETURN 
1800 REl!f 
1805 REfit The subroutine to input values from the key.board 
1810 REM for sorne variables which has been changed between 
1815 ~REM 0 runs. 
1820 REM 
1960 IF GREF=O TaEN INPUT .. input reference gap in microns", 

GREF , 
1980 PRINT "e:Xp~. no" iEX 
2000 INPUT "inPtit new value "iEX 
2020 PRINT "ink no."; INK 
2040 INPUT "do you want to change·?"; Y$ 
2060' IF Y$·"y" TaRN INPUT "input- new ink nO."iINK 
2080 PR1=NT "angle"; ANGLE , 

\ 2100 INPUT "db yQU wànt to change?"; Yl'$ .. 
2120 IF Yl$-"y" THEN INPUT "input new angle (deg.)" iANGLl!! 
2140 PRINT "left mv/div"; LDIV . 
2160 INPUT "do you vant: to change left mv/div?ni Y2$ 
2180 IF Y2$-"y" TSEH INPUT "input nt=.left_rnv/diV?"'LD1V 
2200 PRINT "right ~/div";RDI~ 
2220 INPUT "do you'vant to change ri v/div?"~Y3$ 
2240 IF Y3S."y" TUEN. INPUT "input new right v/div?"iRDIV . 
2260 PRINT "time msee/div"; TOIV 
2280 INPUT "do you want'to change time msec/div?"; Y4$ 
2300 IF Y4S.·y" THEN INPUT "input n~w Ume msec/div~JTDIV 
2320 RETORN 
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Cal1brate tbe .. nC*eter in the fo11owlng vay: 

1. Attach a weight of 18 .. 4 kg on the balance device E .. . 
(P1g. 5-2) and make sure that tbe cords ·from tbe book 

are running over tbe pulley J and tbat tbe ve igbt bas 

come to reste 

o 

2. Switcb on the current by meana of the 'toggle -switch on 
/ 

the front of the machine and start the test printing 

machine (about 300 revo1utionsper minute). 

3. Pump until a reading of 343 .kpa (3.4 kgf/sq. cm) is 

\ -
obtained on the manometer! vhen the sign~l lamp on the 

, 
1eft side of the press should flash. Slowly decreaae 

the pressure in the pressure chamber F by means of the 

valve thereon unti1 the signal lamp goe5 out. 
rr 

... Read tbe manometer: This 'reading indicates a force of 

, 1 
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1.41 1eR (141 kgf) "betveell the cy1i~4er. A ... 4 • anèI • 

, 

1ine pressure of 157 R/ca' (15.1 kgf/ca) on the t .. t 

Iprlntinq prels. 
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