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Abstract: The most important units of sheet-fed offset pnigtmachine, like the ink and dampening systems &k ag
a printing unit, are composed, in the main, of aotihg rollers of various sizes (in case of themg unit they are named
cylinders). Adequate setting of the said rollergasy important, because it has big influence oaliuof print-outs. The set-
tings are made experimentally by measuring thehadthe contact area in the ink and dampeningegystor by computing
the clamp parameters — in the printing unit. TlEiper includes analysis of compression of two rsliégpending on a width
of the contact area, radiuses of the rollers akagdaheir Poisson’s ratios and Young's modules.

1. INTRODUCTION

Printing unit, ink and dampening systems are comgos
mainly of rollers and cylinders (Fig. 1). A distthe
and extremely important element is the blanket ncigdr
which is located between the plate cylinder andingres-
sion cylinder. There has been fixed a rubber blanke
on a blanket cylinder for the purpose of bettervegimg
the image from metal plate with ink on paper.

The printing unit includes 3 cylinders: plate cyer,
blanket cylinder and impression cylinder (Dejidasl &e-
stree, 2007; Kipphan, 2001). In this part of maehtihere
is a contact between a metal plate fixed onto theeyl-
inder and a rubber blanket fixed onto the blankgihder
as well as between the rubber blanket and the rimapaks-
sion cylinder.

Plate cylinders are in contact with ink form rofeand
with the dampening form roller. Soft — coated wittbber
or other artificial materials and hard — metal edl inside
ink unit are in contact, thus being adequately agtiteto
each other. In the dampening unit, soft — coateti wib-
ber, paper or fabric and hard — metal rollers areantact
alternately.

Setting an inadequate stress between cylinderdief t
printing unit and rollers of the ink and dampensygtems
affects 3 aspects of printings, namely: print-ogtslity,
wear and tear of machine elements and reducticnmia
of making the printing machines ready for operatidhe
elimination of printing errors which are observed frint-
outs at the beginning and in the course of printexdends
time of making the printing machines ready for @pien,
increases consumption of waste paper and ink.

Uneven stress between rollers of ink and dampening
systems may result in irregular ink and water tnaigsion.
Too big stress between ink rollers cause to excedseat
and rubber expansion.

Setting too big stress between ink form rollers plade
cylinder results in bouncing of rollers each frothey while
their conveying above the channel of the platencidr

and stroking the front edge of plate. As a resthig ink
thickness on plate is changed. It brings about igeimg
smudges on print-outs, faster wear and tear ofeplat
too much tone value increase. Uneven setting asstr
between ink form rollers can cause smudges as well
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Fig. 1. An exemplary printing unit, ink and dampening sgsie

Too small stress in the dampening system results
in transmission of too much amounts of water orntepla
It can cause too much amount of water on plate inhd
emulsification. It can involve problems as regardsdry-
ing and ink adhering to ink rollers. In turn, to@ kstress
makes water squeezed from the rollers and on that pl
there is to small water film. In the dampening syst stress
between the dampening form roller and the disthilgut
roller as well as between the dampening form raled the
plate cylinder should be big enough to distributatexr
and to quicken the dampening form roller with thetribu-
tion roller.

For determining an adequate contact between thersol
and cylinders there is not measured or computedttiess.
Printing operators check the stress in the ink dathpen-
ing systems regularly with foil stripes which thput in
between the rollers and, next, take them out. b itik
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system they measure the width of the contact zeteden
the rollers. As regards the printing unit, a clampcom-
puted on the basis of height of the plate over dredngs
(hardened metal rings located at the ends of tlectylin-
ders) of the plate cylinder and the height of rubbeer
bearer rings of the blanket cylinder.

2. STATEMENT OF THE PROBLEM

It becomes apparent that the most essential elesment
of sheet-fed offset printing machine are rollersiclhre-
main in mutual contact (Fig. 2). The contact of teydin-
ders, the axes of which were compressed to distdrmize
to unknown vertical compressing forces P, was icensd.
The contact area has a rectangular shape with wrkno
width 2a. A contact stresp(x), which takes place in the
contact areax € (—a,a), is a symmetric, although un-
known, function angh(a) = p(—a) = 0:

[ p(ydx=P @)

—a

We assume that in rollers a plane strain takeseplac
which is independent on variahe

Boundary condition for the contact of the two rodle
is determined as follows (Jonson, 1985):

f2( - )

where:ul, uZ — displacement of the points located on the
contact surfaces of, accordingly, body 2 and bo@ohg-
side with axisz, this displacement being assumed positive,
d,, d, — indentation of, accordingly, body 2 and body 1
under loading, f;(x) =0,5x2/R;, f,(x)=0,5x2/R,

— equations for surface of body 1 and body 2 beifwden-
tation.

uZ+ul=d,+d, - f,(x), xO(-a,a)
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Fig. 2. Two contacting rollers

In the assumption of Herz's conditions (Timoshenko,
Goodier, 1962), the problem is to solve the isstibadf-
space. Assuming that displacement does not deperndeo
directiony, the equation of the theory of elasticity for dis-
placements (Lame) shall be as follows (Nowackiy @9

2 )au (%2, 02U, (xz)+()\+ 0 Zuz(x,z):0
0X0z 3)
0°U,(x,2) . 0%U,(x,2) 0%, (x,2) _
(A +2u) P +(A+u)—azax =0
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where: 4,4 — Lame parameterd/,(x, z), U,(x, z) — dis-
placement alongside with axeandx.

The boundary conditions for the considered protdeen
as follows:

-pX),[x<a
Oz (Xr Z) |z=+0: { |XI (4)
0, |xl >a
Oy X0)[z240=0, —00 <X <0 ©)
Oz (%2)|;20=0, 0¢u X0)],.=0 (6)
whereo,,,0,,— normal and shearing stresses:
ou ou
=\ +2u) 2 +N 2 7
Oz =(\+2) L 422 (7)
du, , du,
O, (X2) =l —+—= 8
2(x2) ;{ ] j (®)

3. SOLUTION OF THE PROBLEM

The problem (3)-(6) is solved by using Fourier gntd
transform (Nowacki, 1970). Fot,(x,z) and U,(x,z),
the following equations are obtained:

U, (x.2) =%j U, (£, e %ad¢ ©)
U,(x,2) =%j U, (&, e dé (10)
G, =i (M+ ZEJBJ,EA e
Arme “E ) s
(11)
_ ,K (A+34) _ ZEJD _ﬂc}e—mz
A+me ") ¢
U, = (A+ B)ef? + (C + D)e i (12)

where:A(§), B(§),C(&),D(&) resulted from the four condi-
tions namely (4)-(6).
The final solution of the problem (3)-(6) is asldeVs:

1+v (2xz
U,(X,2) =——=—| — - (- 2v)2arct Op(x 13
X()Em(r( ) gjp() (13)
__20-vy)[ 7 Co, 2
U,(x,2)=- +In(e™°r<) |Op(X (14)
2(%.2) EF(GV) (e™r?) {Op(x)
where: r? = x2 + z%, v — Poisson’s ratio,E— Young’s
modulus, *" — the convolution of function
a
9(x) Ua(x) = jg(X-S)¢(S)dS- (15)
—a
and the following relationships were taken intocaot:
VE E
= , H= (16)
@+v)@-2v) 21+v)
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The constantC, is obtained from the condition
U,(0,R) = 0. Substitution of normal displacement of half-
space’s edgeBl(x,0) = ul, | = 1,2 in the boundary con-
dition (2) led to the integral equation for a cattatress
function p(x). The solution for the considered issue
is as follows (Jonson, 1985):

P9 =52 ,/1

(17)
where:
1 1. 1 1 1-v7
=== == = ,1=12 (18
R R R Eq NetN2, 7 = E 1, (18)

Substituting (17) in the equation (1) led to thei&tipn
of contact area widtBa (Jonson, 1985):

T[a2E0
4Ry

The final equation for compression of the two ndle
d =d, + d, is as follows:

P=

(19)

2 2
= E|:/71|n[em1 4F\;1 J+/72 In(emz %H (20)
m a a
where:a — half of the contact zone widtR,, R, — radius
accordingly of upper roller and lower rollar,, v, — Pois-

son’s ratio accordingly of upper and lower rollefs, E, —
Young's modulus accordingly of upper and lower ecsl
and

v, 1 a?
e V| 4R?

=12 (21)
Stresses placed near the contact area resultedeijoa:
tions known from the literature (Jonson, 1985).
Analogical equation for contact of two spheres lhasn
present in literature for quite a long time (Johmsb985;
Popov, 2010; Timoshenko and Goodier, 1962).

4. NUMERICAL ANALYSIS AND DISCUSSION

The literature provides for various experimentat re
searches and equations on compression of cylinbany
divergences can be avoided if loading areas armnetef
accurately. Fig. 2 shows point, 0,, 0,, A;, A, where
cylinders may be loaded. If cylinders are loadedthie
pointsA;, A, the coefficientm; equalsm; = In4 — 1 (Loo,
1958; Jonson, 1985; Zhuravlev, Karpenko, 2000). [Elsé
two of these authors used the solution consistmgam-
pression of the cylinders by two forces (Muskhelih
1963) and then they obtained compression for aui.ra
The papers (Birger, Panovko, 1968; Jarema, 2006\vsh
the coefficientm; = m, = 0,814, which is most often
used. But in reality this value of coefficients takes place
only for v, = v, = 0,3. The authors (Zhuravlev, Karpenko,
2000) paid attention to this fact. Generally, tleefficient
m; equalsn; =1n4 — 1+ v,(1 —v)).
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If cylinders are loaded in the pointy, 0,, coefficient
m; for n, =n, equalsm; = m, = 2/3 (Chandrasekaran,
1987). The same coefficient; is given in the papers (Din-
nik, 1952; Galin, 1976), where none of the saidgpapn-
cludes correct citation.

Using equations (19) and (20) we will come to dimen
sionless relation between compression of rolters- d/R,
and the contact area width = a/R,.

2
al] RD +1 n |n(em1/2 ZRDJHI‘][ m /2 ZJ (22)
2 Ry(np+d ag an

wheren =n,/n,, R, = R{/R,, as well as to dimensionless
relation between compression of rollets= d/R, and the
dimensionless radiug, = R, /R,:

dmzi{ﬂgln(eml—m‘](“RD)JHn(emZ—n(HRD) j] (23)
s @+np)Ry A+np)PRy

whereP, = Pn,R,.

Fig. 3 shows dependence (23) of dimensionless com-
pression of the distance between axes of cylinders
d, =d/R,, an indentation of lower cylindet; =R,
and an indentation of upper cylindéy = R, on the dimen-
sionless radiuk, = R, /R, for steel cylinderst; = 2,15 -

10°Mpa, ©,=03, [=12, P=215-10’N/m
(P. = 0,84-107%,n, = 1).
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Fig. 3. Dependence of compression of cylinders’ axes
d/R; =dy/R; +dy/R,
and its components 8) = R{ /R,

From Fig. 3 it can be seen that an increase ohdgli's
indentation is on relation in increase of this egr's ra-
dius. The increase in radius of the bigger cylinder
(R, > 1) causes the increase of compressihn= d/R,.
The reduction in radius of the smaller cylind&, € 1)
causes reduction of the cylinders’ compressionr= d/R,,
although an indentation of the bigger cylinder @ases.
Reduction in distance between the cylinders depetids
rectly on an increase in the cylinders’ loading.

Whenever contact takes place between the steeldeyli
(body 1) and the rubber blanket (body 8),= 0 can be
assumed. The equation (22) shall then take theviaig
form:
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