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NOVEL DEVELOPMENTS IN THE AREA OF PRINTING PRESS SIMULATION
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1. INTRODUCTION

The dynamic character of the ofiset process causes cer-
tain difficulties in the development of control systems. The
Graphic Arts Laboratory has made intensive background stu-—
dies of this process during the last ten vears. In  the
course of these investigations & simulator program was
decigned for process dynamics. The latest version of  this
program. PRESSIM, is the main subject of this paper.

2. MODEL EQUATIONS IN PRESSIM

PREGEIM is based on model eguations developed 1n

‘ i imental an theoretical research /1.2/. These

model eouations are used to estimate the film splits of ink

and water., the smulsific tlDﬂ and evaporation of the surface

water., the material transfe i two directions, and the
print formation.

2.1 Ink transfer in the roller system

Z.1.1 An ordinary nip

plit in the nip betweesn two rollers can be
e ti

Toul_ a“-‘in . Tm ) = af 1
in which T represents  the total amount of  ink p I
throwgts  the nip ang a is the so-called film spiit coeffi-
cient. 1 practice., a . to some extent, depends on the total
amounts of ivk and water in the nip.

2.1.2 The nip between a form roller and the plate cylinder

A surface with a compact ink layer comes here into corn-
tact with a surface that totally or partially rejects ink.
We have modellied the behaviour of the ink on the following
principles:

-~ The fiim split coefficient dete
relative film thickneses in al a
{independent of the relative inked areal.

;,a.

ter the film cplit the ink layer on the

- Af
form reller element becomes even.
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Mathematically, this principle can be expressed by the
equations

T, = T fn” (2)
29 at, (3)
out _ out

T e T T, (4)

where I represents the relative image area on the element.
Z.1.3 The printing nip

The halftone ink transfer iz calculated in PRESSIM  prog-
ram bv an eguation derived by i

Y(x) = F{x)A{(x/FO){bB(x/FO}(1 - c) + c(x/F0)) (5)

e-ax/r=o“ G*/bFo

in which a =1 - and 8 = 1t - a,b and c are the
parameters in the Walker-Fetsko equation. F(x} represents
the effective halftone dot area. It has been experimentally
found that F{(x) can be approximated by the eguation

_ -s/x
Fix) = FO° (6)

in which FUO is the true halftone area an the plate and =
represents the phvsical dot spread.

2.2 Water transfer in the inker

o be able to simulate the water transfer in the system
e have had to make certain simplifications. The dependence
f the water—-ink interaction on the surface chemical aspects
and the rheological factors are not included in the model.

The ink-water interaction in the nip is charactrized only
by  cne parameter that describes the emulsification capacity
oI the ink.

2.2.1 Non image elements in fthe form nips

Here & hydrophilic surface comes into contact with an
inked surface with free water and emulsified water. Since
the plate has just received csome water in the dampening
unit. the water transfer into the inker takes place in the
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sw?‘": Kisw™ + swim) = ksuo! (7)
swoUe (1-k)sWoU! (8)
e,°“'t = e'i" or (9)
e?“‘ = min(p.(sw‘i," + sw:" + e'i" T M7 ) (10)
sw?‘": k(sw;" + sw'i" + e/n T - e,"ut]" ) = kswout (11)
w3t (1-k)suo (12)

in the equations sw is the amount of surface water,
e " emulsification rate,
k " gplit coefficient of the
surface water (ca. 0.5), and
p is the emulsification parameter.
Index p represents the plate
cylinder and index f the form rcller.

Tre emuicification parameter p describes the relative
amount  of  water that the ink can receive. We have assumed
that all the nips have pressure and chear tforces strong
enough  to emulisify the water to the degree limited by p. If
the amount of water in the nip is larger than p*the amount
of  the ink the excese remains in the form of surface water.
An experimental work /2/ has confirmed that the water trans-
fer through the non—-image areas may be guite intensive.

Z.2.2 iImage elements in the form nipes

This 1z one of the contacts, in which two ink lavers with

both emulesified and surface water meet. The foilowing rela-
tipnes are valid 1i the maximum emulsification rate in the
Gip 1 o

W = sw;“ + sw:" + fe;',“ T‘i,“ + e:“ T:“ (13)

out _ qout . ni in in

egt = egut = mia(p W/ (FfI" + T4 }) (14)

sw, = k(W - e (FTI 4 T )) = ksWo! (15)
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et of the

Here W tal amount of water. At the outl
nin  the emulsification rate is supposed to be the same for
hoth rollers.

Z2.2.3 An ordinary inker nip

In this case equations (13-14) can be used - p and k may
be different in each nip. Here, of course, { is 1.

Z.2.4 Mip contacts with no ink
Such  contacts may be found in the inker in places where

ki
the dampening water has come before the ink and in  the
cffset nip. The walter film splift can be expressed by the

(17)

It ie very diificult tao give a precise description of the
way the water behaves in this nip. because the quality of
the paper may have unpredictable efiects, However, we propo-
se the previcus simple fi1lm split model (eguations 5, 7 and
171 to calculate the material division in the printing nip.

One of the roller s functions is the undisturbed
transfer and evaporation of the dampening water. The evapo-
ration rate depends on several process  varilables. We have

modelled Lhis phenomenon by the equation 747

AW = qy SOy + K)(T/T ) /p (18)
in which
W is the thickness of the evaporated film, um,
a0 " " evaporation rate, usually ca.
16 mg/mZs,
§ " " the length of the evaporation surface,
My
v " " the radial velocity of the rollers,
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evaporated and the rest of
intn suriace water and

simulation revolutions, each

representing one revolution of the plate cylinder.

The segmenting princ
dissertation /5/. We have
also the cross directiona

on  the principle used in
sed in a
Mp = MUILD), + M(2,1),-
MO1L D) = ROIIM,

M(2,1), = (1-R(D)IM,

{ ANT(1) + AW2(1))

iple was first introduced in Rech’s
elaborated the idea to caleculate
1 transfer. In the machine directi-
the PRESSIM program can he expres-—

cimplified form as follows:

(19)

(20)

(21)
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M iz the total materizl in the nip and Wi(l), W2(1) are the
amuunts of evaporated water between the nip in question and
the two preceding nips. The indices (1,-) and {Z,-) repre-—
zsent. individual rollers and index I represent the nip.

II1

2.6 Distribution of the material in the transverse direction

Each inker has a certain capability to distribute ink. In
PRESSIM the varving distribution capabilities of the diffe-
e t nip tvpes have been taken 1ntn account. For the distri-

- There iz no material branzfer between the inking
zones during the convevance from one nip to
another

- The zones of two rollers meet at the inlet of
the nip and the material is distributed
instantly in the nip before the final film
split at the cutlet of the nip.

The basic mathematical equations are explained elsewhere
/4/ and here we resign ourselves to present the numerical
formula used in PRESSIM when calculating material distribu-
tion:

M(k%¢; dl("(k'lh‘n(k‘l)n) + d2(M(k% )

in which index k represents the zone number.

In our program the cross directional material transfer
near the printing surface is neglected, since there is
practically no significant distribution in the form nips, in
the cifset nip and in the printing nip.

3. FUNCTIONS OF THE PRESSIM PROGRAM

For calculations the program di the total surface
res of the roller system into seg < inn the machine
o and  into  zones in the transverse direction. The
data of the image area is fed ir the form of a mat-
The elements of the matrix may independently represent
any coverage. Jhe ink film split, the division of water into
surfare water and emulsified water. and also the distributi-
on eifects may be parametrirzed nip by nip.

T

e 010
=
1]
I
as

[}

X < M
jn]
i
it
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The ink feed may be continuous or periodical, as the f{ee
level is adjustible zonevise.

[N

The water feed can be arrenged on any roller.

The program bas been written in FORTRAN IV an it runs
also in FORTRAN V. Installed in the Technical Research
Centre’s CYBER computer it provides about 70 kbytes. We have
installed the program alsoc in our own VAX 750 computer.

4. EXPERIMENTAL VALIDATION OF PRESSIM CALCULATIONS

Evaluations of the dynamics of the oifset process made with
the PRESSIM program have given a series of new — partiy
astonigh

1ing - results,

First of all i1t was stated that it iz insufficient to esti-
mate the transfer function of the inking unit in the conven-—
tional wav, without taking into account the influence of
mobile ink amounts - i.e. the zonal ink consumption,

Secondly, the simulations have clarified cur opinion about
the differences in the apparent time constant of the inking
unit, dependent on whether ink fe=d is reduced or increased.
Thirdly, we have bheen forced to reformulate the comprehensi-
on about the infiuence of the orint layv-out on process
dynamics.

iry the fourth place, our nev emuicification model seems to
work more realistic - especially an the halitone areas -

than the previous one /7/.

,..
- (lv
-

To test the simulator we carried out a test run in the web
offset press of our Institute, which is described in Table 1
and Figure 1. The printing conditions are given in Table 2.

4.1 Step response upwards

-

o L

he lay-put estimate used in the tests can be given in the
form of the matrix in Figure Z. The zonal ink consumption
was even over the form and of the magnitude 30 per cent. The
lay-out was divided into 100 segments in the machine direc-—

tion and into 12 zones in the croes dirvection. In the tests

+
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of step response the inking profile was increased linearily
across the lay-out. As output we measured solid density from
five zones. Ink feed was calculated from the density models
using parameter values estimated in laboratary scale prin-
ting trials. In the same way the ink transfer parameters
were estimated.

In Figure 3 the simulated results are given as solid lines
while the measured lines are dotted. As can be seen there is
rather high correlation between the simulated and experimen—

ta data. In the simulations we used the distribution para-
metars

d = {0.000 or 0.025 and

i

d. = 1.000 or 0,950,

From the results the relationship between the apparent time
constant  and the zonal ink consumption (or the mobile ink
amount.} easi

ly be seen. This result has been {further

Figure 4, where the simulated and experimen-
ants have been plotted versus the product of
feed and ink consumption. The graph is somew-
that presented by McPhee et al., based on

1
ed calculationz /&7,

It can be shown theoretically that the transfer function of
the inking unit can be given by delays (distances between
the nips) and gains (film split factors) in a form close to
the transfer function of a capasitive process /9/. The
inking unit deviates from a capasitive process in the sense
that the distribution of the ink elements and their disappe-
arance from the system can be followed theoretically. This
irticuliar  feature is wubtilized in PRESSIM. Dividing the
iler surfaces into segments in  the length direction in
fact means. that the reguired data about the 'mear history"
of the orocese are deposed in the elemente of the printing
unit. For a true capasitive process this would not be pas-

4.2 Step response downwards

that the apparent time constant of the inking unit
on the direction of the step change has been somew—
anvenient to the experts on process  dynamics. In
5 cimulated and experimental data are compared ior a
1on, where the inking unit was run empty. Both  the

ed and experimental results lead to the following
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reducing
bring the zonal time constants clocse to a
effect is most evhanced on the time cons-
downwards

Table 3 gives a summary of the results of printing tests and
the simulations. In Figure 6 the simulated effects of the
distribution parameters are illustrated.

Also regarding water behaviour the simulations have given
additional information further clarifying the process image.
However, these results are not reported here =ince the
required validity tests are just being made.

5. PRINTSIM - A TRAINING AND RESEARCH SIMULATOR

At the end of 1985 we started a R&D project with the aim  to
build a2 simulator feasible for training and research. The
unit should imitate typical production situations in  the

cffset process and react on the most important control
operations. Moreover, it should indicate the present state
af the process for the student.

The hardware and softwares should form a well documented
system easy to handle, which 1is {lexible to enlarce and
further develion.

p oject we also try to fit a modern

Within the frames of the ot 1
TAPA web press of the Institute.

control system to the
5.1 Limitations

Qur basic idea has been to build the hardware from ready
available. modular electrovics. In the choice cithe control
syetem and auxiliary computer we wanted to assure the possi-
hility te further independent program development.

We found that the PRINTA System developed by Altim Control
Ltd was the most suitable one for our purposes, mainly
thanks to its flexibility. The configurations of this system
are easy to modify since the work is done on RAM basis.

The system being developed at the moment has the following
components (Figure 7);:
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The operation peint; for this we use the operation station
of the PRINTA system (0A). The station consists of a control
keyboard and & touch screen with multicolour graphics.
Process stations: we use two PRINTA stations  (PA). One
station has the required cards for future commecting of the
Institute’s web offset press to the system. One system
station (JA), which is the central cocordinator of the cont-
rol system. The reporting point consists of a printer con-
nected to the reporting station (R4 and of a colour screen.
A  Pl-computer, that can be comnmected to the system either
via the system station (JA) or via the reporting station
tRAY. A& contrel keyboard for the ink screws. & keyboard to
create special images on the screen. A fast ALCOM data high
way connecting the units to eachother. A& control desk.

5.2 Principles of realisation

fhe realiszation principlies of the simulator are illustrated

in Fiqure 8, The process simuiation is performed in the PO-

computer (an IBM PC AT). The PC-program communicates with
11

ed parameter tables.

The parameter tables contain the information about the state
of the process at each moment, and the values of the parame-
ters can be read or changed either via the PC or the PRINTA
programs. The so called circuit simulations are configurated
on the process stations of PRINTA.

At the begimming of the simulation period the teacher starts
the PC program and initiates information about the lay-aut
to be simulated. During the simulation the trainee follows
the state of the process via PRINTA. After s rumming periog
of about 30 minutes 2 final report containing a list of the
run and gsome characteristic numbers of the reszult is printed
automaticaily.

Typical configurations for both heatset and newspaper pres—
=33

ses are being worked out. It is our task to finish  the
simulator subproject before the end of 1286,
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Table 1. The roller specifications of the web offset
press used in the test runs (see fiqure 1).

INK FOUNTAIN

4 {102mm)

STEEL

NQ ADJUSTMENTS

INK FEED

3~ {76mm)

STEEL

0.003" (0.08mm) GO
0.004” {0.1mm} NO-GO
{FEELER GAUGE}

INK TRANSFER

2-3/4* {70mm)

RUBBER

178" 10 316" {3 10 5 mm)
flat using ink stripes

THEN B

1/8" 10 316" (3 10 5 mm)
flat using ink stripes

VIBRATED DRUM

3.1/4” {83mm)

COPPER

NO ADJUSTMENTS

INK TRANSFER

2-3/4" (70mm}

RUBBER

1/8" to 3/16" {3 to 5 mm}
flat using ink stripes

THEN F

1/8" 10 3/16” (310 § mm)
flat using ink steipes

VIBRATED DRUM

3-1/4” (83mm)

COPPER

NO ADJUSTMENTS

INK FORM

2718 (73mm)

AUBBER

178" 10 3/16" (310 5 mm}
fiat using ink stripes

THEN PLATE

118" 10 316" (3 t0 5 mm}
flat using ink stripes

INK FORM

2-5/8" (67mm)

RUBBER

1/8" 10 3/16™ (3 t0 5 mm)
flat using ink stripes

THEN PLATE

118" t0 316" (3105 mm}
flat using ink stripes

DAMPENER FOUNTAIN

3-1/4” (83mm)

STEEL

NO ADJUSTMENTS

DAMPENER FEED

2:3/4" (710mm}

RUBBER

Snug, steady putl on skip sheets

THEN |

Light, wiping contact with shp
sheets

VIBRATED DRUM

3-1/4" (83mm}

CHROME

NO ADJUSTMENTS

DAMPENER FORM

2-3/4” {70mm)

RUBBER

K

Snug, stesdy pull on siip sheets

THEN PLATE

Steady pull on ship sheets

ROLLER

DIAMETER

SURFACE

SETTINGS

Figure 1. The inker of the web offset press
used in the test runs.
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Figure 2. The lay-out of the printing surface.
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Table 2. The printing conditions in the test runs

25 m/

hl
in

Speed 1.

Heb Commercial, sized, woodfree,
uricoated printing paper

Ink Rotalith 31 000

bl

Printing on one side, the width of the pressure
livie was 7 mn.

Water feed was steady during the rtuns.

Table 3. Summary of the simulated and experimental

responses
PRINTING TRIALS
Upwards Dowrwards
Al Time const 2 Ro (lag) Tiee const r? Ro {(lao)
0.03t 117.970 0.681 0.014 82,840 0,818 0.000
0.077 57.070 0.774 0.000 86910 Q.927 0.050
G.135 40,4670 0.787 0.000  85.810 0.926 0.0ac
0.171 31.380 0,928 0.000  &1.220 0.897 G.oan
0.zo 28.540 0.984 g.002  78.5Z0 0.94% g.0oa
SIHULATIONS
Upwards No distribution Downwards
ADx Time const r fio (lag) Time const rZ Fo {lagi
0,032 95.260 0.857 0.310 0.98¢4 0.z70
0.08Z Q8,340 0.950 0.214 0,984 0.180
0.158 43,450 0.987 0.132 0.9a2 0.140
0,197 38.920 0.985 0.108 0.952 0.16a0
5,233 33.970 0.937 0.064 0.971 G.240
Uowards  [Distrib. §.95/0.075 Uownwards
Afix Time const tZ fo (lagi Time const r2 Ra (iag’
0.032 101,310 0.8&7 0.598  101.250 0.980 0.580
D.0az 7,120 8.942 0.347 81,770 G.989 0.330
0.158 48,4640 0.937 0.154  &3.260 0.991 0.3z20
0.197 41,660 0,983 0.082 84,910 0.992 0.2%0
0.223 38,290 0.987 f.oon 92,27 0.972 0.220
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Figure 3. The step responses upwards.

Apparent
120 ¢ time — Experimental
constant, .
resfm === Simulated, no
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==« Simulated,
80+ distribution
60 1
40 ¢
20 +— + — —— —
0,00 0,05 0,10 0,15 0,20 0,25

Weiahted ink feed. um

Figure 4. The apparent time constant as a function of
the product of the zonal ink need and feed.
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Figure 5. Step responses downwards.

1,51

1,04

051

0,0 -

— No distribution,
high ink
consumption

-~ Distribution,
high ink
consumption

= Distribution, low
ink consumption

== No distribution,
low ink
consumption

Density
of solid
print

0 50 100 150 200 250 300 350 400 450 500
Cylinder revolution

Figure 6. The effects of the distribution parameters on
the zonal step responses of the inker.
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Figure 7. The components of the PRINTSIM-system.

[PRINTSIM-TRAINING SIMULATOR ]

TEACHER

L"?’!RRUINJTSUIM]/

ACTUATOR
SIMULATOR

—
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PARAMETERS

PARAMETER
TABLES

) — T
DISTURBANCE DISTURBANCE
VARIABLES GENERATOR

e

—

| state OUTPUT

#||_vaRiaBLES VARIABLES
ouTPUT ouTPUT
SCREENS REGISTERING

TRAINEE

VIT Graphic Ants Laboratory

Figure 8. The functional principles of PRINTSIM.
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