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ABSTRACT

In this paper the problem for 1logically selecting
cylinder packing 1in an offset press 1is discussed.
Firstly, after analyzing the "D Experiment" and the
"Contact Rolling Experiment", the authors point out the
difference between these experiments and the practical
printing process. Then, based on the analysis of
“s1iding" between the contacting areas of cylinders, with
minimum sliding as the objective, an analysis was made for
the diameters of the plate-cylinder and the blanket-
cylinder. The calculated result shows that, for best
performance, the thickness of packing should result in the
diameter of blanket-cylinder being a little larger than
the diameter of plate-cylinder, and the ratio of
compression of packing, for these two cylinders is 3/5A
to 2/5 A respectively, where X is the total compression.

1. General Description

Determining the diameter of cylinders logically is one
of the important problems in offset press research. In
the early 1930's, Sites discovered that while the rubber
blanket cylinder is roiling under pressure, the rubber on
its surface will be stretched. He assumed that during
printing the radius of the contacting surface is decreased
due to compression of the rubber cylinder, but because the
volume of rubber remains constant, a protrusion will be
produced at the edge of the contacting area, thus increas-
ing the rotating radius. To keep the surface velocity of
these two cylinders equal to each other, the diameter of
the rubber cylinder should be a little less. This is
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called the "Different Diameter Method". In 1960, R. D.
Willer experimented with equal diameter cylinders in
rolling contact for studying the difference of velocity
between these two cylinders. He pointed out that the
thickness of rubber gives an additional effect to velocity
differences.

Takewuche, Poschke, Temple and Kuehu also have
done research on cylinder deformation and velocity
differences.

Generally, two fundamental methods are used for packing
selection. They are "Different Diameters Method" and
"Equal Diameters Method". Both are based on the same
point of view that during printing, the "sliding" between
two cylinders in the contact area must be kept minimum.
This minimizes dot deformation. The diameter determina-
tion in both methods are analyzed following two aspects:

(1) The variation of volume or "rotating radius" of

the rubber after being compressed, and

(2) The velocity difference and "sliding" in the

contact area.

The "Different Diameters Method" is based on the " D
Experiment" and the "“Contact Rolling Experiment", so we
must investigate these two experiments and compare the
results with practice.

2. The Velocity Difference In Contact
Area Between Two Cylinders and "Sliding"

The following analysis is based on the assumption that
there is no tangential deformation of the rubber. In
fact, ‘"velocity difference" involves the tangential
velocity of rubber, and "sliding" involves the tangential
deformation of rubber. Consequently, we analyzed the
velocity difference and sliding between the two cylinders.

In Fig. 1, let Rp and R, denote the radius of the
plate cylinder and of the blanket cylinder, respectively.
Point Kp on the plate-cylinder coincides with point K
on the blanket cylinder. Point K, moves along arc
AK B, with its absolute velocity directed along its
taRgential direction.

Vg can be replaced by its components Vg1 and Vg2
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and

COS(d“‘B) (1)

where

Viy = rRek» Rig = [RET W= ARyaie
Substituting into (1), we have

2 2
QP_'_A_ZAQ?COS_*:(’% (2)

VK - ACOSd - pp

representing the velocity of any point on the surface of
plate-cylinder being equal to each other. Since Vp =Rpw,

and while printing wy=wp=w, the “velocity
difference between points Ky and Kp is given by

A-R;
- - P AL S o
Vo= V- Ve ( Acos - Rp 3QP) (3)

The relative slide AS can be calculated as follows:
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whereo(A is the angle corresponding to the beginning point

A of contact area
| VR T AR g
\l AZ- Q;tg% - A‘-QP

Thus, the amount of sliding AS can be calculated from
Equation (4).

Fla): VA= Ry

The maximum value of AS may be reached at point B or
within the contact area.

Let A2_ Q-z
d$ Aws &—Qp
then we have
(AZ+2Rb)
o(hz = i arccos KQPA (5)

A*r2 Q:
3RA

) A1 then d,,z #0

and generally (

(Q91 - Al) Asind

2 0O
(ACOSJ -—Qp )z

d"(1g) -
dJ(AS)

So, within the contact area, when X =1 >,AS has its
extreme value, and}{A S| becomes maximum.

For example, on a J2108 type offset press, the center
distance between cylinders A=300mm,compression is A =0.15mm.
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One can plot the curves of velocity difference and
sliding, then find the maximum sliding, as follows:

(1) Assume the radius of plate-cylinder Rp=150.15mm
and radius of blanket-cylinder R,=150mm. FI‘OBI Fig. 1
the angle corresponding to point B of the contact area is

2z 2 F
A-Rp -R 6
oSy — b _® (6)
ZAQP
ando(ea=1.81°. From Equation (5), one can find 0(]’ =
1.478°, and substitute into Equation (4), to find that when
L > oL, , AS = o.4zz/u-~
& = ko , AS = -9.9 um

The curves of velocity difference and relative slidin
can be plotted and are shown in Fig. 2 (a) and (b
respectively, in which the abscissas are scaled in equal
portions at 1/10 width of the contact area.

£
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(a) Fig. 2 (b)
(2) Assume Ry = 150.05mm and R, = 150.10mm, then
one finds L g = 1.818° and 7,2 = 0.854°. From

Equation (4), we have
AL=2 o, ) AS = Zé/#-\
Axr do N AS 2 0.65) o~

The curves of velocity difference and relative sliding
in this case are shown in Fig. 3 (a) and (b), respectively.
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Fig. 3

From Fig. 2 and Fig. 3, we can see that

(a) The velocity differences V. are distributed
symmetrically and differ both in magnitude and direction
within all of the contact area.

(b} The relative sliding,AS, differs considerably with
different packing methods.

3. The YD Experiment"

The 4D experiment" is also called the "True Rolling
Method" that was carried out by Sites in the 1930's. It
deals with the theory of friction.

In Fig. 4, a rubber roller is put on a rigid plane.
Force P is applied and distributing force p'(x) is
produced and its resultant may be denoted by Q.

Q= Lf(x)dx, P=0Q

When a horizontal force F acts on the center of this
roller a tangential friction force will be produced in the

/.m
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sliding) i adhering
ione 1088

Fig. 4
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contact area that balances force F until the roller starts
to rotate. At this _time,, assuming the resultant of
friction f(x) is F'= hfaf x)ch(, F=F'. Force Q acts at
the forward part of thé contact area, where there exists
an adhering zone and a sliding zone. Then

in the adhering zone f‘(x) </up(‘)()

and in the sliding zone  §(x) =/&P[”C)
where/u is the sliding friction coefficient.

Obviously, under the action of f(x), the surface of the
rubber in the contact area will be stretched tangentially,

but at the zone closed to force Q, where adhesion occurs,
there is no sliding. The resultant F' can be expressed as:

F'=£a§(1)c9x= { "z ;= h)

Ex

where € is the specific energy of elastic hysteresis
about two materials, ’, and y are Poison ratios and
Ey and Ep  are moduli of e'la&1c1ty

The "11D experiment" was carried out under static
condition; the stretching of the rubber surface is caused
by a tangential force of f(x) and occurs in the same
direction.

Comparing with the condition in printing processes, the
deformation of dots and of rubber packing are caused by
velocity differences and sliding. As we have calculated
(Fig. 2, Fig. 3), the velocity difference changes both in
magnitude and direction. Thus the surface of rubber
deforms in various directions.

4. The "Contact Rolling Experiment"

The "Contact Rolling Experiment" was carried out by
R. D. Willer in 1960. Two equal diameter rollers (rigid
roller I, rubber blanket B) (Fig. 5) contact each other
under pressure. One roller was driven by outside means
and it frictionally drove the second one. It was
discovered that rotating speeds of these two rollers were
different. The higher rate of speed on a driven roller is
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shown in Fig. 6. The rubber roller is always slower,
independent of whether it is driver or driven. The value
of “a" refers to packing material hardness and thickness.

Fig. 6

Fig. 5

Willer proposed that during printing, the surface of
the rubber cylinder is stretched, increasing the rolling
diameter. He suggested that the diameter of the rubber

cylinder should be less than that of the plate-cylinder.

Based on this suggestion, some formulae for determining
diameters of cylinder have been proposed.

_ah(A+N)
Diameter of rubber cylinders Dg = A + A PPETY
Diameter of plate cylinders D, = A + X QX(AfX)
2¥2N

where A is the center distance between two cylinders, and
A is the compression.

In Willer's experiment, the velocity difference between
the two rollers is mainly caused by the fact that the

second roller is driven by the first one. Under the
action of a tangential drawing force, deformation exists
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in the surface of the rubber roller., This induces the
velocity difference and its magnitude is affected by the
magnitude of the drawing force.

But in an offset press, both cylinders are driven by a
gear transmission and have the same rotating speed. No
tangential drawing force, no tangential stretching of
rubber packmg takes p1ace Thus, the velocity differences
as described in Willer's experiment do not exist.

5. The Optimization Of Diameters Of
Plate-Cylinder And Rubber Blanket-Cylinder

As we have stated above, in practical printing
processes, the deformations of dots and of rubber are
caused by the velocity difference and the relative sliding
existing on surfaces of the cylinders. And, different
packing methods will affect the velocity difference
considerably.

With “minimum sliding" as the objective, we tried to
find the optimal diameters of cylinders. HWe selected a
pair of gears of 300mm pitch diameter as the driver of
the cylinders, and the center distance between cylinders
is also 300mm.

AS

(a)

Fig. 8

Let S denote the compression, then after packing,
radius of plate cylinder —150+ §
radius of rubber-cylinder =150+( A~ 8)
And since & is the only var1aB'l this is a one
dimensional problem.

In Section 2, we have shown there are two types of
velocity d1fference curves due to two different packmg
methods. After entering the contact area, the maximum
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sliding distances between two corresponding points on the
two cylinders are shown in Fig. 8(a) and Fig. 8(b)
respectively. Thus, the objective function is

mingmax (|A51 (§) AS#‘”()}

CEX--P9)

‘2 AR (RE)
ps@)- §, (g~ (o4

Agz(g):{je AT (R+§) 302”90“‘
A

where

A cos & —(Q#S)
From equations (5) and (6), we have .
.,('7-1 1 acccos A® *’2“2*8))
' 3A (R+S) (7)
) AR y5)2 (R -§)
=1
c[A‘e I arecos ZA(Q?’S)

Analysis indicates that | AS,{S)| and |AsS,(§)]are
continuous functions.
We used an exhaustive searching method with a step size

of A /20 and calculated compression ratios at various total
compressions, Table 1 gives the results.

Table 1 (mm)
Cospression 0.050 10.075 |0.100 |0.125 {0.150 |0.175 |0.200 ]0.225 ]0.250

Distribution to
plate-cylinder |0.020 [0.030 |0.040 |0.050 }0.060 [0.070 |0.080 ]0.090 }0.100

Distribution to
IBlanket-cylinder 0.030 10.045 10.080 10.075 10.090 10.105 10.120 10.135 {0.150

From Table 1, we can see the actual distribution ratio
of compression between two cylinders § : (X-§) remains
unchanged, equal to 2A/5:3A/5. That is, after packing,
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the radius of the rubber cylinder should be /5 larger
than the radius of the plate-cylinder.
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