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Summary

PAPRO operates within the Forest Research company and their mission is to develop value-adding
industry solutions. At present there are no good ways for mills to easily test the printing quality on new-
sprint paper. There is a great need for a fast way to do this on different paper qualities; with a labora-
tory-offset press this can be both a time and money saving method. At PAPRO Forest Research, New
Zealand, a laboratory offset press has been developed and designed, during the past seven years, con-
cerning this issue. Earlier projects were made concerning the press, e.g. to establish the optimal set-
tings.

The mission with this project was to partly determine the present variability of the print quality and
to evaluate if the fountain solution, distilled water and 2% Diol green concentrate, used at the moment
mixed with different percentages of Isopropanol could decrease the variability and contribute to more
stabile results. Throughout the whole project the print quality showed a high variation and was even
more variable when the Isopropanol was added. All in all 50 print rounds times twelve printed paper
strips was carried out through the project divided into three parts. To analyse the print quality, a
microscope with an image capture camera has been used. Data from the taken images was analysed
and inserted into charts to see the variations.

The conclusions of the whole project are not satisfying because no final evaluations were possible to
make. Main conclusions are that the additive of Isopropanol to the ordinary fountain solution, used at
present, only contributed to more unstable results of the print quality. And it seems to be difficult to
get some stable results from the lab press as long as the room where it is placed is not fully conditio-
ned as required for the process of offset printing. And the fact that the airbrush which applies the
amount of fountain solution is also variable, as shown in earlier projects, which contributes to unstable
results as well. For further work more exact parameters as a conditioned room are required and the
possibility to further design the laboratory press to use waterless offset printing instead.
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Sammanfattning

PAPRO (Paper And Pulp Research Organisation) ar en egen avdelning inom féretaget Forest Research
Institute, vilka som helhet jobbar med att ta fram och utveckla kvalitetslésningar inom pappersindus-
trin. | dagsléaget finns det inga tillférlitliga metoder for pappersbruk att testa tryckkvaliteten for tid-
ningspapper. Behovet ar stort av att snabbt kunna goéra ett test av tryckkvaliteten hos olika tidnings-
papperskvaliteter. Med en fungerande offsetpress i laboratorieskala skulle denna kontroll kunna géras
snabbt och enkelt samt aven spara tid och pengar for pappersbruken. PAPRO Forest Research, Nya
Zeeland har under de senaste sju aren utvecklat och designat en laboratorieoffsetpress for att tillmo-
tesgd detta behov. Tidigare projekt rorande denna offsetpress har t ex utvecklat optimala installning-
ar for korning i pressen.

Uppgiften med examensarbetet var att delvis undersfka variationerna i dagslaget hos tryckkvalite-
ten i laboratorieoffsetpressen samt utvardera huruvida fuktvattnet, bestaende av destillerat vatten och
2% DIOL gron koncentrat, skulle kunna leda till ett battre och stabilare tryckresultat om denna blan-
dades med olika procentuella tillsatser av Isopropanol. Genom hela tryckprojektet var tryckkvaliteten
enormt varierande och tillsatsen av Isopropanol gjorde hela processen mer ostabil och varierande.
Totalt utfordes 50 tryckomgangar ganger tolv tryckningar i varje omgang och projektet delades in i tre
delar. Med hjalp av ett mikroskop utrustat med digitalkamera gjordes en analys av de tryckta pap-
persremsorna. Matvardena fran tryckomgangarna sattes in i tabeller och diagram for att kunna se vari-
ationerna trycken emellan.

Dragna slutsatser av hela projektet upplevs ej som tillfredstallande da slutliga utvarderingar inte
kunde goras. Detta pa grund av att hela processen var oacceptabelt ostabil till stor del pa grund av de
daliga forhallandena i laboratoriet dar pressen var placerad. Nagot som syntes tydligt var att tillsatsen
av Isopropanol gjorde hela processen mer ostabil. Faktum &r ocksa att lufttryckssprutan som anvandes
for applicering av fuktvatten var varierande aven den och var en bidragande orsak till en del av varia-
tionerna.

Framtida arbete med utveckling av en fungerande laboratorieoffsetpress hos PAPRO kraver ett ratt
konditionerat testrum, mer exakta appliceringsmetoder samt mgjligheterna att kunna prova pa en
utveckling/utformning av pressen till vattenfrioffset anses vara av intresse for PAPRO.
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1. Introduction

PAPRO is a leading Pacific Rim supplier of pulp, paper and packaging
technology. PAPRO operates within Forest Research, which has integra-
ted science programs across the forestry, wood, fiber, paper and bio-mate-
rial sectors.

PAPRO's mission is to develop value-adding solutions for the pulp,
paper and packaging industries through innovative science, applied rese-
arch and specialised professional services.

PAPRO has focused its business and research activities into three key
areas: Paper and Paperboard, Chemical and Enzymatic Technologies and
Mechanical Fiber Technologies.

This project is a part of the Paper and Paperboard group. Expertise wit-
hin the Paper and Paperboard group relates to:

» Papermaking and papermaking chemistry

» Paper performance

» Printing and packaging

» Printability of newsprint

» Linerboard manufacture and converting

» Paper recycling

» Paper physics

» Surface properties (e.g. dynamic contact angles)

» Coarse fibre separation
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1.1 Background
To be able to monitor the print quality on newspaper a laboratory offset
press has been developed in PAPRO. The press has an external inking
and dampening unit and is a rebuild of the IGT F1 Flexo press. Previous
projects about the PLOT (Printing Laboratory Offset Press) have been
focused on the optimisation of the settings to get an acceptable print.
Conclusions from earlier projects [see reference list] claim that the
prints show enough quality to be used for testing the printability on new-
sprint; although a few practical changes have been suggested.

1.2 Function

It is desirable for the mills to have a reliable and quick method for testing
the printability of their paper. The PLOT-method has not been very reli-
able because of the many variabilities. To establish the exact variations,
all the variables must be found and calculated.

1.3 Purpose
Try to calculate the variations in the press and find out if the laboratory
press has enough reliability for newsprint evaluation.

1.4 Aim

To identify the critical and variable factors of the conventional offset prin-
ting method in a laboratory scale. To find out the best conditions for using
the laboratory offset press.

1.5 Delimitation
To only do the examinations on one kind of newspaper. The work is limi-
ted to the laboratory offset press.

1.6 Method
A work plan was made at the beginning of the project, [see Appendix A].
Through studies of earlier reports and projects made concerning the
PLOT a good understanding about the press has been obtained. Guidance
on how to use the press was given by Sue Williams, research technician
at PAPRO Forest Research. Several tests with the PLOT were made to
learn how to handle it and to minimise human errors. Experiments and
tests were made to get a good understanding in the big differences that
result from having the wrong and right settings.

A visual and microscopic assessment is going to be made on the basis of
the printed sheets.

1.7 Resources
Laboratory, redesigned flexo press into an offset press in laboratory scale,
densitometer, microscope and software.
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2. Materials - offset printing

2.1 Offset plate

Today in the printing industry different lithographic plates are used,
such as diazo, photopolymer, silver halide, Electrophotographic and
waterless. There are several types but usually they are all classified as
either positive or negative working plates. The base of an offset plate is of
aluminium with a light sensitive coating.

Negative plates are generally coated with a photopolymer and are com-
paratively not so expensive. When exposing the plate, a film negative is
placed on the plate's light sensitive surface and is then exposed with UV
light. The areas of the plate that are exposed through the clear areas of the
film react with the UV light and polymerise. The light cannot pass through
the black areas of the negative film so there is no reaction taking place
under those. When processing, the non-exposed areas are washed away.

The plate used in the PLOT is a negative baked offset plate with a
thickness of approximately 0.3 mm without packing. The plate dimen-
sions are 50 mm x 200 mm and it consists of a 58 mm x 40 mm solid pat-
tern and six 17 mm x 17 mm halftone dot patterns. The squares have a
screen ruling of 70, 100 and 133 lines per inch and the theoretical dot
coverage of 10 % or 30 %. [For illustration see Appendix C]

The plates arrive ready to emply, from the manufacturer with its pack-
ing glued on the backside of the plate. A cover film on the packing is remo-
ved before attaching the plate to the plate holder. The plate is a little
thicker than a regular offset plate because it was originally intended to
be used when printing on cardboard.

2.2 Blanket

The rubber blanket used in offset is usually made of rubber and some
kind of fabric. The types of blankets vary from compressible to hard finis-
hes and the surface can be rough or smooth.

The rubber blankets hardness is measured with a Shore meter with a
spring needle. The Shore values go from 0-100. A soft blanket is usually
around 65-70 Shore A, a medium hard blanket is 70-75 Shore A and
75-80 is a hard blanket. The rubber blankets hardness affects its ability
to follow the structure of the paper — how well it prints out.

The surface structure of the blanket can be expressed in a R2-value in
pm, this is a mean value of the deviations up and down from a central line
through the surface. This interval is usually between 0.5-2.5 pm. The
surface can be made in three different ways; through casting — surface
finish by curing paper and talc, grounding — mechanical process or textu-
rising — by chemicals. The blanket should be; resistant to ink vehicles, cle-
aning solvent and varnish, be ink receptive, have a uniform surface hard-
ness and be resilient when optimised for the offset printing method.

The blanket used in the PLOT is a Vulcan offset printing blanket which
is composed of multiple layers of specially formulated, oil-resistant

10



Lisa Johansson University of Dalarna
Sandra Lundin Graphic Art of Technology
Degree Project, 15 ECTS Print Quality Study of a Laboratory Offset Press

synthetic elastomer and specially designed textile fabrics.. To measure
the hardness a Rex Durometer was used, the measured hardness of the
rubber blanket was 75 Shore A. No measurement of the surface rough-
ness was made.

2.3 Ink
There are four key ingredients in ink:

» Pigments

» Solvents

» Vehicles

» Additives
Pigments are the particles that give the ink its colour. There are two dif-
ferent types of pigments, organic and inorganic. The organic pigments are
made from petroleum and contain carbon and hydrogen. Vegetable oils
and coal are also substances used for making organic pigments. When it
comes to inorganic pigments it is possible to make a wider range of
colours. When creating these, chemical compounds are used and a preci-
pitation occurs. It is cheaper to produce ink from inorganic pigments than
ink from organic pigments.

The vehicles task is to carry and hold the pigments. It is also supposed
to work as a drying mechanism in the ink and helps to hold the ink to the
carrier. The vehicles are made from resins that promote the pigment’s
tack, gloss and wetting, and solvents are used for ink fluidity and press
stability.

The ink used during all the printings was CSB015/200 Newspeed black.
In earlier projects different inks have been tested and this ink showed the
best result and has therefore been used in this project. [A. Lindqvist]

The ink is stored in the printing lab in a small glass bottle with a screw
lid, which is put in a plastic bag closed with a rubber band. All the ink
and the refill tins of ink are stored in the printing lab.

2.4 Dampening water
The principle with offset can be described as an interaction method bet-
ween cohesion forces and adhesion forces. The cohesion force is the force
that wants to keep the water and colour layers in the different parts of
the press together. The adhesion force is how well the ink and water lay-
ers binds to the rollers, plate surfaces, rubber roller and paper surface.
The offset plate consists of two different surface layers after develop-
ment. One of the layers is hydrophilic and attracts the water, the second
layer is hydrophobic, water repellent and is also the image carrier. When
the plate is moistened there is a thin layer of water like a film left on the
non-printing areas. On the image carrier there are small drops of water
left. When inking, the water layer splits into two layers, half the layer fol-
lows the inking rollers and the other layer remains on the plate. The cohe-
sion force of the dampening water must be smaller than its adhesion force
both toward the ink and the plate non-printing areas, for the offset
method to work.

11
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Still water is emulsified into the ink and transferred through this into the
printing areas. This means that water attaches to the ink and is emulsi-
fied into the ink layer and splint on (the ink splits up) the inking rollers.
A water/ink emulsification is transferred to the printing areas and after
that to the paper via the rubber roller.

The fountain solution used in the project consists of 2% DIOL green
fountain concentrate and 98% distilled water. Different amounts/percen-
tages of Scharlan AL0323 2-PROPANOL was added to the original foun-
tain solution.

When printing, new fountain solution was made every week or more
often. When printing with IPA - Isopropanol in the fountain solution, a
new mix was made the same day or at most two days earlier. All fountain
solutions were stored in a fridge, and special care was taken with the
fountain solution with IPA because it is very volatile.

When mixing the fountain solution a special pipette was used. The
pipette can be set to measure the exact amount of fluid up to a hundredth
of a millilitre.

2.5 Paper

Paper used for the printing is 45 g/m2 commercial news paper. The paper
is cut to 50 mm wide and 450 mm in length using a guillotine. Shorter
samples can be spliced together to make up the length as long as the join
is not in the area of first print (area to be tested). Samples are normally
tested in the machine direction to simulate actual process conditions. All
the samples were printed on the wire side of the paper to eliminate a
further cause of variations, since the quality of the top and wire side are
different in due to the roughness of the surfaces.

2.6 Cotton cleaners

To clean the rubber roller after each print, cotton tissues where used. It
is important that they are not dirty with hard particles or chemicals that
could destroy the blanket. These cotton tissues where cut from an old cle-
aned lab coat. A small problem with these was that dust and fibres from
the tissues sometimes remained on the blanket and left missing dots on
the next print.

2.7 Blanket roller wash

To clean the plate, press, blanket and ink pipette a blanket roller wash
was used. The cotton cleaners were dampened with blanket roller wash
when cleaning the blanket after each print.

2.8 Oil

To protect the copper cylinders from corrugating with the sulphurous air
in Rotorua they were lubricated with Singer sewing machine oil. The oil
gives a covering layer and is not harmful to the copper though it is very
important to clean all the oil away.

12
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3. Method

3.1 Laboratory Offset press

An IGT F1 press normally used for flexographic printing was and is cont-
inuously redesigned and further developed at PAPRO into an offset press.
The developed press contains an inking unit and a printing unit that is
modified to suit the offset printing method.

Doctor Blade
Plate Cylinder Anilox Roll Blanket Cylinder Plate Cylinder

F

‘*’
Impression Cylinder Impression Cylinder
Figure 1a. IGT F1 as a Flexo printer Figure 1b. IGT F1 as an Offset printer

3.2 Inking unit

A special inking unit for inking of the offset plate, designed by I.
Chalmers and constructed by R. Hensel, is used. Over the last seven
years the unit has been modified and at present it consists of three inking
rollers (two made of copper and one made of rubber) and one plate holder.
[For illustration see Appendix B.]

The ink is added to the rubber roller manually with a special IGT ink
pipette. In earlier work different kinds of ink and amounts have been tes-
ted [T. Burhen 2000]. The amount of ink considered being the best from
earlier projects has also been used in this project. The required amount of
ink on the rubber roller at start up is 4 ml and further 0.4 ml of ink is
applied between every print.

The fountain solution is applied via an external airbrush unit, the unit
is placed by hand in front of the inking unit. The inking unit has one
speed and one pressure setting. After inking up the rubber roller and
spraying the fountain solution, the plate is pressed by hand, via a pres-
sure lever, against the rubber roller. The ink is thereby transferred from
the inking rollers to the plate. This means that for this special developed
laboratory offset press, the fountain solution is added directly to the rub-
ber roller, mixes with the ink to an emulsion and is thereafter applied on
the plate. In other words, no fountain solution unit is used to wet the
inking plate as in a real commercial offset press. Due to the correct mix-
ture of ink and fountain solution and the exact time the plate is in con-
tact with the inking unit, the printing areas will stay dry and the non-
printing areas become covered with a thin layer of fountain solution.

13
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3.3 Printing unit

Since the laboratory offset press is a modified flexographic press, an off-
set blanket replaces the standard anilox roll. The inking plate cylinder
has half the circumference of the blanket cylinder, which means that the
test area is printed twice on each strip. To provide the back pressure of
the printing nip an impression roller is used, which also has the function
of feeding the sample via the blanket roller. [For figure see Appendix B]

3.3.1 Settings - inking and printing unit

Within the inking and the printing unit three different settings can be
altered: printing speed, inking force and printing force. The speed of the
substrate while it travels between the impression roller and the blanket
cylinder is the printing speed. The inking force is the force of the printing
plate onto the blanket cylinder and the printing force is the force of the
impression roller onto the blanket cylinder. Previous work and projects
concerning the modification of the laboratory press has shown that the
inking force should be set to 450 N, the printing force to 500 N and the
printing speed to 0.30 m/s [M. Myohanen, 1999]. With these parameters
adjusted, the right degree of penetration of ink onto the paper is received.

3.4 Printing procedure

The laboratory offset press, which consists of the inking and the printing
unit, is placed in a fume cupboard due to the presence of fumes from
cleaning solvents.

Due to the lack of a conditioned laboratory, the press room needs to be
warmed up to 23°C before printing. The temperature needs to be kept at
the same temperature level during the whole print session. Before any
printing is carried out the unit needs to be warmed up by switching on the
press for approximately one hour before starting to print.

The ink needs to be measured with the IGT pipette manually and dis-
tributed on the inking unit. After approximately 5 minutes the ink is com-
pletely distributed over the inking roller. By using an airbrush the foun-
tain solution should be sprayed on the distributed ink layer. Three sprays
with the fountain solution should be applied approximately every three
seconds. After the last spray wait 15 seconds “even out time” (the waiting
time after the last delivery of fountain solution into the ink before the
emulsified ink is transferred to the offset roll) [A. Lindgvist 2002] to let
the fountain solution emulsify and to even out the ink surface. Press the
plate, by releasing the pressure knob, firmly against the ink roller for four
seconds to ink up the plate. Immediately after inking, the printing plate
must be placed on the printing unit in order to run the print. The printed
strip should be left to dry at room temperature (23°C) for at least 24 hours
before any measurements are done. [For printing manual see Appendix D.]

14
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4. Realisation

4.1 Printing

The whole work with the project got divided into three parts. They are
therefore called Part 1, Part 2 and Part 3. First part was to determine the
range of the time for the sprays of the fountain solution plus the amount
of added Isopropanol in the percentage range between 0 %, 5 %, 10 %,
15%, 20 % up to 25 %. In total 50 print rounds were carried out. Part 2
was a further analyse of those print rounds which showed the best result
concerning the standard deviation of the mean dot area. Part 3 of the pro-
ject was to see the possible repeatability within a long print round of 45
strips without any breaks for cleaning the plate etc.

Part1

Several print rounds were made to gain a good skill in how the PLOT
works. After preparing everything for the experiment, (cutting paper
samples, heating up the room, mixing fountain solution etc) the printing
experiments could start.

These are the print rounds that were made:

IPA0% [IPA5% IPA 10% IPA 15% IPA 20% IPA 25%
IPA 0% 0.655 x 12 | IPA 5% 0.65s x 12
IPA0% 0.70s x 12 | IPA5% 0.70s x 12 | IPA10% 0.70s 12
IPA0% 0.75s x 12 | IPA5% 0.75s x 12 [ IPA 10% 0.75s x 12
IPA 0% 0.80s x 12 | IPA5% 0.80s x 12 | IPA 10% 0.80s x 12
IPA 0% 0.85s x 12 | IPA5% 0.85s x 12 | IPA 10% 0.85 x 12 | IPA 15% 0.855 x 12

IPA 0% 0.90s x 12

IPA 10% 0.90s x 12

IPA 15% 0.90s x 12

IPA 20% 0.90s x 12

IPA 25% 0.90s x 12

IPA 0% 0.95s x 12

IPA 10% 0.95s x 12

IPA 15% 0.95s x 12

IPA 20% 0.95s x 12

IPA 25% 0.95s x 12

IPA 0% 1.00s x 12

IPA 10% 1.00s x 12

IPA 15% 1.00s x 12

IPA 20% 1.00s x 12

IPA 25% 1.00s x 12

IPA 0% 1.05s x 12

IPA 10% 1.05s x 12

IPA 15% 1.05s x 12

IPA 20% 1.05s x 12

IPA 25% 1.05s x 12

IPA 0% 1.10s x 12

IPA 15% 1.10s x 12

IPA 20% 1.10s x 12

IPA 25% 1.10s x 12

IPA 0% 1.15s x 12

IPA 15% 1.15s x 12

(The spray time of the fountain solution is the changing parameter).

These are the times possible to print with for each percentage of IPA
before toning occurs.

All the prints (except for those which had a very poor quality) were ana-
lysed with a microscope with an image capture camera. [See data appen-
dix 1] The prints were left to dry at least 24 hours before analysis.

Result part 1

After analysing and comparing the data with numbers acquired from the
image analyse system they were illustrated in charts to obtain a way to
see the variations figurative. Analysis from the charts [see appendix G &
H] led to further experiments. The different experiments with different
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amount of Isopropanol added showed that it only made the whole printing
process even more unstable in this case. One reason could be the evapo-
ration of the alcohol during the time of the application. This causes une-
ven addition of the amount of fountaion solution to the ink rollers and can
lead to toning or clogging.

The three different print rounds, concerning different time and percen-
tages of additive to the fountain solution, which showed the lowest stan-
dard deviation of the mean dot area was decided to be further investiga-
ted in part 2 of the project.

Part 2
Three of the “best” (smallest variations) print rounds from part 1, were
chosen for following experiments to be able to see variations within
rounds with the exact same settings and amount of fountain
solution.(Cleaning up was made between each round)

These three rounds (twelve strips in each round) were printed three
times (see print schedule).

IPA 0%

IPA 10%

IPA 20%

IPA 0% 0.70s x12

IPA 10% 0.85s x12

IPA 20% 0.95s x12

IPA 0% 0.70s x12

IPA 10% 0.85s x12

IPA 20% 0.95s x12

IPA 0% 0.70s x12

IPA 10% 0.85s x12

IPA 20% 0.95s x12

In every set no breaks were made (e.g. one round in the morning and the
others after lunch) to eliminate changing conditions in the room during
the day. All the samples were analysed with a microscope equiped with
an image capture camera [see data appendix L]. New charts were made
from these prints. [See Appendix J and K].

Result part 2

The image analyse of part two ended up with the result that using only
fountain solution without Isopropanol added was in this case the best, but
not close to acceptable variations. There were still big varieties between
each printed strip but the smallest varieties were shown in the printed
series without Isopropanol added to the normal fountain solution. This
led to the experiment of part 3 in the project, to see whether the repeata-
bility in the print rounds could maintain during a long print round wit-
hout any unnecessarily breaks except from inking the plate and cleaning
the blanket roller.
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Part 3

Part three of the project was to investigate the stability from the print
round with best result of part two. This took place approximately during
three hours, in order to see if the variation decreases or increases over a
longer period of time, where 45 strips were printed. After 15 and 30
prints, the fountain solution bottle was refilled to the same amount it con-
tained from the start. This was made to minimise the difference in
amount of fountain solution sprayed into the ink. [S. Halonen 2002]

IPA 0%
IPA 0% 0.75s x45

Result part 3

The image analyse of the printed strips showed that they varied diffe-
rently without any patterns and the charts also showed many variations.
As seen from the charts and the captured dot pictures, a maximum of 15
printed strips without cleaning the plate and the copper roller is prefer-
red, since the quality of the printed dots decreased. [See Appendix M, N
and O] Although the same procedures with preparation were made before
each printing, in order to make the printing round as repeatable as pos-
sible. But parameters like the exact amount of fountain solution applied
exact temperature and humidity of the room was uncontrollable. Results
from the print round were not satisfying and conclusions are hard to
make. Therefore this project ended up in a dead end where a final result
is missing.

4.2 Analysis
Warming up and calibration was carried out before using the microscope
and video camera. On each strip 15 images were taken from the area with
30 % dot cover and 100 Ipi since that was the area chosen for the evalua-
tion. Each image gave information about:

» Number of measurements

» Contrast

» Dot coverage

» Dot number

» Number of dots processed

» Mean dot area

» Standard deviation of dot area

» Mean dot perimeter

» Standard deviation of dot perimeter

» Form factor

» Dot mottle

» Dot gain
The figures used in the charts were calculated from the Mean dot area
and Standard deviation of the dot perimeter. Calculations were made in
Microsoft Excel to get the average, standard deviation and the percenta-
ge value of the coefficient for the variation. These were considered to be
the numbers best showing the print quality in the charts.
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5. Critical factors during printing

Many critical factors were discovered during the project. Human errors
where minimised as far as possible, e.g. having the same person doing the
same thing through a whole print.

If printing a set of three print rounds, they were made in a row, direct-
ly after each other (with cleaning up after each round) to keep the same
room conditions as far as possible (e.g. since it gets warmer outside
during the day, the conditions in the room change from morning to after-
noon).

5.1 Fountain solution

The main problem with the printing is the amount of fountain solution
delivered to the ink through an airbrush [S. Halonen 2002]. The amount
delivered for each spray differs with the amount of fountain solution the
airbrush bottle contains. It is probably the pressure from the bottle that
differs with the different amount in the bottle. The fountain solution con-
tainer holds 25 ml and each spray makes an important percentage diffe-
rence to the amount left in the container.

One way to keep the same amount in the bottle is to refill after each
print. When refilling the container, the airbrush has to be removed from
its position and a screw lid must be taken off. This procedure is a bit time
consuming - the exact amount of fountain solution delivered must be refil-
led with some kind of pipette and to get the airbrush back into its posi-
tion takes lot of precision.

If all this were to be considered, maybe using the airbrush equipment
would be suitable for adding the fountain solution into the ink.

5.2 Temperature
The temperature in the printing lab is not constant. First of all the lab
should be warmed up to 23°C at least 24 hours before printing so that all
the equipment has the right temperature, and this should also be held
constant during printing. [I. Chalmers 2000] The equipment available for
heating up the printing room is an electrical radiator. A timer is connec-
ted to the radiator, which is turned up to keep the radiator going for 30
minutes. This makes it impossible to heat up the room 24 hours before
printing. During printing it is important to remember to have the radia-
tor running during the whole print, so it has to be turned on every half-
hour. The press has to be located in a fume cupboard with a fan to pre-
vent the lab being filled with fume from the blanket wash evaporation.
This fan also makes it hard to keep the right temperature because it cools
the room.

To be able to have the right temperature and to keep it constant, the
room would need some kind of automatic installation.
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5.3 Humidity

Humidity is a very important factor in a printing room and should be held
at 50 %. The humidity has a great effect on the collaboration between the
ink and the dampening water. The print room does not have any instal-
lations for controlling of the humidity.

5.4 Isolation/Weather

The print lab has very poor insulation. A draft from the two big windows
in the printing room was insulated with cotton. Since other people might
need things stored in the printing lab, the door to the room opens and clo-
ses now and then, which contributes to the already poor conditions.

The humidity is strongly affected by the weather. Print jobs from a
whole day with bad weather compared with print jobs from a sunny day
with exactly the same settings showed major differences. The best prints
from the sunny day could show a really good quality while those from a
rainy day were completely smeary and showed a clear bad balance bet-
ween the dampening water and the ink. Since the offset method is extre-
mely sensitive to changes concerning humidity and temperature, the
wheather had great effects on the printing results.

6. Image analysis

Image analysis is a processing and data reduction system, which produ-
ces a numerical or logical result from an image. A microscope with a CCD
video camera captures the image, which is then analysed using a compu-
ter with a frame grabber and image analysis software.

6.1 Equipment
The PAPRO image analysis system is composed of
» Leica MZ12 stereomicroscope
» Ring light, a fluorescent light with a design that allows the
uniform vertical illumination of the sample
» JVC TK-C1381 CCD colour video camera
» Coreco Oculus F/64 frame grabber
» Computer
» Optimas 6.2, image analysis software

The camera is a JVC colour CCD video camera of high resolution (750 by
480 lines). The acquired images have an effective number of 440 000 pix-
els.

The Coreco Oculus F/64 frame grabber digitalises the electrical signal
of the camera; provides extended memory, performs data management,
display control, image processing and all operations within the graphics
overlay plane.

The computer is a Pentium PC with 64 MB of memory and a frequency
of 200 MHz.
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Optimas 6.2 was chosen as the image analysis software for its compre-
hensive capabilities. It has a large range of measurements to quantify
dots (i.e. one pixel), lines and objects. It can work on either coloured or
grey scale images. A range of image analysis macros are available and
specific macros may be written in ALI, which is a language close to C-
language but based on vectors.

6.2 Image analysis procedure
The time required for the system to reach operational stability is five
minutes for the light, and for warming up the camera about 75 minutes.
[C. Antoine 1997] Thus it is recommended that the camera and ring light
are warmed up for at least 90 minutes before making any measurements.
Even if the camera is warm, the average grey level will continue to decre-
ase at a rate of about one unit every two hours. So, if it is used throug-
hout the day, the calibration should be checked every four hours, at least.

The room lights have a small but not unimportant impact on the mea-
surement system and therefore the same lights in the room were kept tur-
ned off during all the measurements. To use the equipment, manual and
how to calibrate, [see Appendix E].

When calibrating the device, a good brightness and contrast must be
chosen to get a reliable result. By default, the values are 230 (+/- 1) for
the white standard and 19 (+/- 1) for the black standard

6.3 Evaluation - microscope reliability

The microscope used for analysis of the print appeared to be very unsta-
ble. The camera is supposed to give a colour image (to take into account
the colour of the paper, which is not completely white). Cables between
the camera and the computer showed to sometimes have a loose connec-
tion, which was impossible to control and that affected the results of the
image analyse.

To test the variability of the analysing equipment, before the measure-
ments of the project took place, the same prints were measured twice on
different days. On the first day the camera took into account the colour of
the paper which occurs in a “yellow” colored screen and the second time
the images was in black and white. A comparison of the two measure-
ments showed that it was a slightly difference not to be repudiated. To
reduce the variable factors from the camera, the measures from all three
parts of the project took place in long sessions. This means that printed
strips measured took place during the same time without any breaks.

There might be some differences between the measurements, due to the
instability of the camera equipment, of all the printed strips cause of the
impossibility to measure them during the same day. However the rela-
tionship between the variability shown of the printed strips in the same
print rounds are to be trusted. And therefore conclusions from the image
analyse were able to be drawn from the measures.
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7. Results

The results from the first print rounds with IPA gave the impression that
IPA made the printing more unstable. The regular fountain solution with
2 % DIOL green fountain concentrate and 98 % distilled water had a
wider time range, (from shortest to longest time on the sprays of fountain
solution applied), which meant that printing with this was less sensitive.
[See Appendix H] After analysing the prints, the three best rounds were
chosen for more thorough investigation. One sample without IPA and two
other samples with different percentages of IPA were chosen.

The result from the next investigation showed high variations between
prints printed with the same fountain solution but from different rounds.
[See Appendix K] There was no possibility to see constant variabilities in
different print rounds with the same fountain solution. No stability could
be obtained. Although print rounds made without Isopropanol added sho-
wed better results and seemed to be more stable.

The third experiment when printing 45 strips in a row was made to cal-
culate the variations within a long print round and to see if the process
would stabilise after several prints. The charts made from this analyse
showed also here that there was no clear constant variability. [See
Appendix N] The figures in the charts and the pictures of the dots captu-
red showed that a longer print round than 15 samples without cleaning
the plate and the copper rollers are not to prefer because of the increasing
dot gain. [See Appendix M, N and O]
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8. Conclusion

Conclusions from the first trials with IPA were that this substance makes
the process unstable and did not help to stabilise the printing process. At
least the process looked more stable without IPA, though there were still
high variations within each print round.

Since no constant variability could be obtained, at present the process
is uncontrollable. If the variations would have been repeatable, ways of
controlling the process could have been found. At present no stability can
be obtained without doing drastic changes about the conditions in the
printing room. A new way to add a more precise amount of fountain solu-
tion or controlling of the amount delivered each time, might be a solution
to the problems with the airbrush.

The reason no constant variability could be seen is probably due to the
many uncontrolled parameters in the process.
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9. Discussion

The whole work ended up in a “dead end”. Further investigations are
required e.g. eliminating the parameters found that cause the variations.
If this was made, maybe the printing quality could be reliable.

Earlier works have pointed out the importance of a fully conditioned
room, this whole work also shows the importance of that. When a con-
stant temperature and humidity control doesn't exist, it results in runa-
bilty problems, cause of the sensitiveness of the offset printing method
itself and to high variability in the quality of the prints. It becomes almost
impossible to make exact comparisons between the prints when two
exactly similar print rounds takes place with completely different print
quality when analysed. Controlled air conditions is one of the keys to
achieve acceptable quality in printing and most of all, keeping it stable
without too high variation.

The behaviour of paper and ink is closely dependent on the temperatu-
re and the relative humidity of the atmosphere. We noticed a big diffe-
rence between two very similar print rounds that took place on a sunny
and on a rainy day. During rainy days it was difficult to get a stable
result, the prints toned very easily and became unsharp. Therefore the
need for a good conditioned room which provides good ventilation and fil-
tration with uniform circulation throughout is recommended. Suggested
conditions for a print room are a constant temperature of 22-23°C and a
humidity level between 35-50 % RH [Grafisk Assistans AB 2004]. With
the present situation in the lab room, the humidity is uncontrolled and
the temperature can vary between 18-23°C very quickly, due to the only
heat source being a radiator placed on the floor. Furthermore the win-
dows in the lab room were not insulated, this ended up in a draft from a
minor window opening which caused changes in the room due to the out-
door conditions.

The plate, which was used during the whole project, seemed to be more
sensitive than a “normal” plate used in commercial printings. It got dirty
relatively quick and it was not possible to be completely cleaned after the
printed rounds. As the conditions are now, the plate is cleaned with the
same cleaning solution as for the blanket roller. It might be good to inve-
stigate if this wash is the ultimate to use when cleaning the plate or not.
There was also another special plate cleaning agent to be used between
the print rounds, but it didn't clean the plate well enough either after
several print rounds. The plate was therefore changed more often than it
would have been during normal commercial printing conditions.

The comparison of all the different print rounds ended up, as mentioned
earlier in the discussion, in a dead end. The future discussion needs to be
concerning whether there is something more to be developed to achieve
stable results with acceptable variations, or whether the laboratory offset
press and the conditions around it are too unstable to be trusted at all.

A solution could be to further develop and design the printer for printing
with waterless offset which is less sensitive cause of no water involved.

23



Lisa Johansson
Sandra Lundin
Degree Project, 15 ECTS

University of Dalarna
Graphic Art of Technology
Print Quality Study of a Laboratory Offset Press

This would eliminate the fountain solution and all its variabilities.
Although when printing with waterless offset, the room still must be con-
ditioned. It is especially important to keep the right temperature becau-
se special ink is required.

Trials without fountain solution and with new plates designed for
waterless offset could not be done as a part of the project due to late arri-
val of the ordered plates. A new project on the study of waterless offset in
the laboratory press would be of great interest for PAPRO.
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Appendix A
Time plan 1(1)

V.15-16

V.17-18

V.19-23

V.23-24

V.25-26

V.27

V.36

Introduction at PAPRO Forest Research.
Gather information through reports and books.
Learning about the offset-press.

Writing report (project background)

Investigating the press and get to see how the printing
proceed.

Get more information about the project.

Get a practical review in how to handle the printing
laboratory offset press (PLOT). Work with the press.

Writing report (basics about the press and offset printing)

Preparing for the experiments (cutting samples of paper etc.)
Working with the press and start with experiments.

Analyse prints, evaluate and then continue printing to get
more through results.

Analysis, evaluation and conclusion.
Proposals to continuous tests.

Writing the report.
Handing over the conclusions and report to PAPRO.

Final presentation at the University of Dalarna.
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Pictures of the press 1(1)

Printing unit



Appendix C
Plate illustration 1(1)
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Appendix D

Printing manual 1(2)

Safety

Whenever in the printing area, eye protection must be worn. Wear poly-
mer gloves when handling solvents and ink. All equipment used in the
room must be handled in the fume cup board with the extraction fan on
low.

Setting up equipment

The inking unit with airbrush unit and IGT F1 are to be setup in the fume
cupboard in Room 233 with the inker in the right hand side and the airb-
rush setup in front of the left half of the copper inking roll. Room 233
should be heated to about 23°C and held at that temperature at least over-
night before printing so that all the equipment is at that temperature.

Inking unit

» Turn on the printing machine and warm up, approximately for 1 hour.

» Remove the plastic covers from the copper inking rollers and clean the
whole inking unit using tissues and proprietary blanket wash.

» Attach the printing plate on the plate holder with strong two-sided
tape. (When changing to a new plate)

» Set printing force to 500 N and inking force to 450 N with a speed to 0.3
m/s.

» The fountain solution is prepared by diluting the concentrate to 2 %
and placed in the airbrush container. Fill up the airbrush container to
approximately 60 %. Turn the control knob 2 turns. [S. Halonen, E.
Magnusson 2002] Small amounts of fountain solution should be made as
it needs to be fresh. The airbrush is oriented at right angles to the copper
roll and the stand is placed against the LHS inking unit. Make sure that
the airbrush nozzle points straight to the inking unit.

» Air supply is turned on (clockwise) and the initial air pressure is set to
30 psi.

» The programmed timer ("black box”) is plugged in.

» The IGT ink pipette is filled with printing ink.

» Drops of oil are put on the axles of the inking rollers as the inking unit
is turned on.

» Attach one sample strip onto the sample carrier with a piece of tape at
each end. The strip should be under slight tension.

» The rubber roller distribution roller is placed in position on top of the
copper inking rollers when the inking unit is moving.
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Printing manual 2(2)

Inking

» Measure the correct amounts of ink, in this case 0.4 ml [A. Lindqvist
2002] with the IGT pipette and distribute it on the inking unit. The ink
should be applied as evenly as possible and distributed over the full width
of the left side of the rubber roller (only the left half of the inking unit
should be used, the right side may cause an uneven printing). After five
minutes, the ink should be completely distributed.

» Spray the fountain solution on to the ink layer using the airbrush that
is connected to the programmed timer. Three sprays should be applied
approximately every three seconds.

» Wait 15 seconds (this is the "even out time”) after the last spray to
allow the fountain solution to emulsify and to evenly cover the ink surfa-
ce.

» Place the plate cylinder on the IGT disk holder above the inking unit.
To ink the plate, set it down against the top roller of the inking unit for 4
seconds.

» After inking, immediately place the printing plate on the printing unit.

Printing

» Place the sample carrier onto the short carrier guide so that the start
(left hand end) of the sample is directly underneath the printing cylinder.

» To print, press both the operation buttons on the left and right ends of
the machine. When the text "Apply ink” appears in the dialogue screen
release one of the operating buttons and then press again. When the
cylinders are stationary, both operation buttons are released.

» Remove the printing strip from the sample carrier and leave to dry at
room temperature for approximately 24 hours.

» Remove the printing plate from the printer and place back on to the
disk holder, without cleaning in the inking unit. Use a piece of cotton tex-
tile fabric dampened with blanket wash to remove most of the ink from
the blanket cylinder. The surface of the blanket does not have to be total-
ly spotless between prints, but must be cleaned thoroughly at the end of
the printing run. Make sure the blanket is dry before the next printing.

» Add 0.04ml ink to the inking unit before the next print.

Finishing

» The printing plate has to be cleaned after nine prints. Use a paper tis-
sue dampened with blanket wash to clean the surface of the plate. The
plate has to be cleaned very gently to avoid scratching the surface.

» Clean the whole inking unit after nine prints, blanket wash can be used
for this purpose.

» Clean the airbrush container after the tests and unplug the program-
med timer.

» Close off the air pressure and turn off the main air supply.

After cleaning, cover the surface of the copper rollers with singer oil and
cling film.
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Image analysis manual 1(2)

Updated Image analyse manual 2004-06-22

A detailed description of the procedure for carrying out image analysis on
solid and halftone printed areas using a Leica MZ 12 stereomicroscope,
CCD video camera and the software Optimas 6.2.

Preparations

» Switch on the camera and ring light and warm up for approximately 1
hour before making any measurements. The ring light should be turned
to 2 and light bulb.

» Turn on the computer and open Optimas 6.2.

Calibration

When the equipment has reached an acceptable temperature the lumin-
ance must be calibrated. This procedure is the same for both “halftone
dots” and “solid areas”, with the exception of the macro used. To start the
calibrations do as follows:

» Start to run the macro by clicking on Macro - Run on the top of the
menu. Chose either halftone dots or solid areas, due to which should be
measured, from:
Print/AASueUseThisOneAnalyseHalfToneDotsVer2_5.mac (magnifica-
tion set to 6.3) or
Print/AnalyseSolidsVer2_0.mac (magnification set to 2.5)

» To calibrate, put the calibration plate with the white square centred
under the camera. Focus (easiest way to focus is to put the black border
which marks the white calibration area and focus on the border and
slightly centre the white area again under the camera) and set white
standard to 230 by changing the settings of both brightness and contrast.
Switch over to the black calibration square and do the same procedure as
for the white area except from the black standard value is going to have
the value of 19. A variation of +1 is accepted for both parameters. To
decrease the density, increases the contrast and decrease the brightness.
The values change slightly from time to time. Following values are a hint
of where to start the calibration:

Brightness | Contrast

Halftone dots 116 118

Solid areas 110 106

» When the density value is set press the “0” button and follow the
instructions given at the screen to start measure
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Image analysis manual 2(2)

Measuring

The image analysis procedure is explained in the software by instruction
windows that pop up every time setting or parameter is changed. To get
a reliable value, 10-15 measurements should be performed on the halfto-
ne area and the solid area and at least 5 measurements on the unprinted
area (when measuring solid area). Try to spread out the measurements to
cover the whole part of the square containing the halftone dots in order to
get reliable measures.



Appendix F

Explanation of variable data 1(2)

NumbDotsProcess - Number of dots processed

Shows in this case the same as the previous and are normally not used
when measurements take place. The purpose of the “NumDotsProcess” is
originally used to exclude dots that are either joined or divided. Due to
how the Macro is programmed its sensibility for this can be adjusted. The
previous “DotNumber” function counts all dots in total, joined as one and
split up as two or more.

M_DotArea - Mean dot area

Shows the mean area of all captured dots within the frame of the captu-
re circle. The theoretical value is approximately 19 000 um for half tone
dots with 30% coverage and 100 lines per inch. Since there is always a dot
gain in the offset print process itself the value of the mean dot area is
expected to be higher, although a too high value above 40 000 um shows
a big dot gain and/or joined dots.

SD_DotArea - Standard deviation dot area

Shows the standard deviation of all captured dots within the frame circle.
The lower the values of the standard deviation the lesser variability of the
printed dot area. A low value can show a good print quality but isn't
necessarily a proof of that. The value of the standard deviation shows
whether there is an equal stability in the area of the printed dots or not.

M_DotPeri - Mean dot perimeter

Gives the summary of the mean perimeter of the printed and measured
dots in the frame capture. The calculated theoretical value for 30% dot
coverage and 100 lines per inch are 345 um for a perfect circle shaped dot.
The value of 345 pum is impossible to reach due to the dot gain in the prin-
ting process of offset printing and the paper quality of newspaper. The
actual value will depend on both the size of the dot and the “raggedness”
of the dot.

SD_DotPeri - Standard deviation dot perimeter

Shows the standard deviation of all captured dots within the frame circle.
The lower the values of the standard deviation the lesser variability bet-
ween the perimeter of the printed dots. A low value can show a good print
quality of the dots but doesn't necessarily proof of that in this case either.
The value of the standard deviation shows whether there is an equal sta-
bility between the perimeters of the printed dots or not.

FormF - Form factor

The form factor is a measure that tells the “roundness” of the dot. In the-
ory the value would be 1 for a completely round dot without any uneven
edge/border/shape. The higher value of the form factor of measured dot,
the poorer the roundness and in the end the quality of the print.
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Explanation of variable data 2(2)

DotMottle

Tells a form of standard deviation of the grey level in the printed dot. It
is a measure, which tells whether the dots printed quality, is even or not.
A theoretical value would be 0, which means that the printed dot is com-
pletely “black”, and got an even fully coverage by the ink. But it would be
impossible to reach under the circumstances of prints made in the offset
press on newspaper. Although the lower values of the dot mottle the “dar-
ker” are the dots. In the printed areas dot mottle shows as uneven prin-
ted areas. A dot mottle within the range of 20-35 % is acceptable for new-
spaper prints under these required conditions.

DotGain

The measured dot gain of the printed dots. The theoretical value is 30 %
but a good and expected value for offset newsprint is in the range within
20-25 %. Any higher values above 25 % results in a poorer print quality,
which can be caused by joined dots for example.
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Appendix G

Data tables, Partl 15(18)
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Appendix G

Data tables, Partl 16(18)

9z'ce 80°LT €9'T JRWASS T'060T T8'66VET 60°L9T0V T99 T99 €T'ES 9078 ST 00T oe T soTTHOZEdIZT
€587 2581 89'T 85'969 SL'V9ET 15'1¥88¢C 9€'59909 iy iy 2’98 €1'8L ST 00T oe T SOTTHOZedITT
LEVE G188t SG'T jtowel 4 26°L2TT Si'E8YST 6v'L2STY 6€9 6€9 JRAE] LEV8 ST 00T oe T SOTTHOZedIOT
JASK A LLLT ¢ST ¢6'SEE 19°.80T 88'TLIET LL°62v0v 299 299 v'eES L1°98 ST 00T oe T soTTHOZRdI6
vS'1e 60'8T 8T 8€'86¢ €8°290T 6'0G.LTT €9'70L6€ 959 959 LY'ES 18'G8 ST 00T e T SOTTHOZRdIg
LR 92’81 T8°T T's0¢€ 6€'680T T.929TT 65°200TY Sv9 S¥9 AL cr'a8 ST 00T oe T SOTTHOZRdIL
§/'6¢ e 8l 99'T v9'¢se T1°580T €886 8T'L¥S8E 99 99 8'¢S Tces ST 00T oe T SOTTHOZedI9
8€'0€ 18T 6v'T ve'LSe 62'L¥0T v¥'2e86 G'€568¢€ 289 289 8'¢S G828 ST 00T oe T soTTHoZRdIg
60'TC 95°0C 6v'T G2'8TT 6°L56 80'96.€ 66'1962€ €eL €eL 3= WA4 9798 ST 00T oe T soTTHOZRdlY
16'8T €1°0¢ ¢ST 4440 66756 ¢€'500€ 69'99GTE vSL S L9'SY 6'98 ST 00T e T soTTHOZRdIE
ov'6T 8861 ST 11Tt 2¢'€96 LT'0LLE S'606TE 6v. 6v. L0°9v 99°/8 ST 00T e T SOTTHOZRdIZ

'8t 6¥°0¢ ST coct €296 LL°0TLE ¢e'Le0Te 1472 1472 14 19'/8 ST 00T oe T SOTTHOZRAIT

129100 9NONIOd  dwlod  143d10QdS MadIod W BaIVIOd S BAIVIOd N 20dQWNN WNNIOQ  J8A0DI0Q ISEIU0D N Youjadsaui] Oyl ered suweu sjduwes

SOT'T :awnkeads

Vdl %0¢ 40 IAILIAAY + NOILNTTO0S NIVLINNOL



Appendix G

Data tables, Partl 17(18)
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Appendix G

Data tables, Partl 18(18)
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Appendix H

Image analysis charts, Partl 1(1)

Nl d ddopepierémeter

Standard @eVi&tbPabp paiimesesr
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530 -
480 1 —e—0% IPA
430 - —=10% IPA
380 1 15% IPA
330 1 20% IPA
228 | —<—25% IPA
\l — 8 50 IPA
180 - \ »
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80 I I I I
0.6 0.7 0.8 0.9 1 1.1 1.2
Time
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200 -
——0% IPA
150 | —=—10% IPA
15% IPA
20% IPA
100 - ——25% IPA
—»— 5% IPA

50 -

0 T I I I I
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Appendix |
Halftone dots, Partl 1(7)

30% Dot Coverage 100 Ipi
Only fountain solution

Spray time: 0.65s Spray time: 0.70s

Spray time: 0.85s Spray time: 0.90s



Appendix |
Halftone dots, Partl 2(7)

30% Dot Coverage, 100 Ipi
Only fountain solution

Spray time: 0.95s Spray time: 1.00s

Spray time: 1.10s

Spray time: 1.15s



Appendix |
Halftone dots, Partl 3(7)

30% Dot Coverage, 100 Ipi
Fountain solution + 5% Isopropanol

Spray time: 0.75s Spray time: 0.80s

Spray time: 0.85s



Appendix |
Halftone dots, Partl 4(7)

30% Dot Coverage, 100 Ipi
Fountain solution + 10% Isopropanol

Spray time: 0.70s

Spray time: 0.80s o - Spray time: 0.85s



Appendix |
Halftone dots, Partl 5(7)

30% Dot Coverage, 100 Ipi
Fountain solution + 15% Isopropanol

Spray time: 0.90s Spray time: 0.95s

Spray time: 1.05s

Spray time: 1.10s



Appendix |
Halftone dots, Partl 6(7)

30% Dot Coverage, 100 Ipi
Fountain solution + 20% Isopropanol

Spray time: 1.00s . Spray time: 1.05s

Spray time: 1.10s



Appendix |
Halftone dots, Partl 7(7)

30% Dot Coverage, 100 Ipi
Fountain solution + 25% Isopropanol

Spray time: 0.90s Spray time: 0.95s

Spray time: 1.00s



Appendix J

Data table, Part 2 1(6)

1on,

Only fountain solut
repeated print rounds x 3 - Part 2
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Appendix J

Data table, Part 2 2(6)

1on,

Only fountain solut
repeated print rounds x 3 - Part 2
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Appendix J

Data table, Part 2 3(6)

Fountain solution + 10% IPA,
repeated print rounds x 3 - Part 2
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Appendix J

Data table, Part 2 4(6)

Fountain solution + 10% IPA,
repeated print rounds x 3 - Part 2
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Appendix J

Data table, Part 2 5(6)

Fountain solution + 10% IPA,
repeated print rounds x 3 - Part 2
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Appendix J

Data table, Part 2 6(6)

Fountain solution + 20% IPA,
repeated print rounds x 3 - Part 2
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Appendix K
Charts, Part 2 1(1)

Standard deviation mean dot area Standard deviation mean dot area
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Appendix L
Halftone dots, Part 2 1(3)

30% Dot Coverage, 100 Ipi
Only fountain solution, spray time: 0.75s

Print round 1

Print round 2

Print round 3



Appendix L
Halftone dots, Part 2 2(3)

~ 30% Dot Coverage, 100 Ipi
Fountain solution + 10% IPA, spray time: 0.80s

Print round 1

Print round 2

Print round 3



Appendix L
Halftone dots, Part 2 3(3)

~ 30% Dot Coverage, 100 Ipi
Fountain solution + 20% IPA, spray time: 0.90s

Print round: 2 & 3, No picture
- toning



Appendix M

Data table, Part 3 1(2)

1on

0.75s - Part 3

Only fountain solut
repeated print rounds x 45

Spray time

6T 07
JARAY)
18'SS
8T'LS
¥8'1S
S¥'SS
T8°€S
8T'1S
99°LE
S8'ee
S0'8¢
AR :14
98'9¢
G8'GE
e8¢
£9°9¢
2805
95'ey
8v'oy
66°LE

[4:14
Tece
Se'6¢
yA ¥4

8'TE

8597
6T°9T
L9°9T
SS9t
8¥'9T
L9t

ot

€91
89'GT
LE'GT
¢St
Ly'9T

S9T
2991
9L'LT
80°LT

§'ST
4§t
L6°GT
9€'GT
79'ST
16°LT
'8t
8T'6T
€e'6T

ureloa

GS'T
85T
85T
SS'T
96T
96T
¢ST
¢S'T
¢ST
18T

ST
6v'T
ST
8r'T
67'T
¥S'T
€9'T
85T

9T
85T
S9'T
¥9'T
S9'T
S9'T
8L'T

310100

6vv
2e'8y8
68'98.
26'988
89°€L9
ve'L9L
2T'90L
€6'229
€eetv
§S5'8T¢€
v9'eve
18961
€€'28¢
¥1°09€
90'vee
20'.8¢
€59°0LL
T.'629
9969
¥980¥
9'v69
€0'68¢
Sv'oce
26'89T
vavey

Jwo4

89'6.TT
16'86ET
V0'OvET
T18'6EET
6.°86¢T
96'8¢€T
19921
181521

8'VETT
252601
19°/20T
€0°'€20T
T0'GeTT
G9'980T
€9'v20T
ET'SETT
TO'€SET
6L TveT
€1'eeet
T6'6LTT

7'6EET
SV'E9TT
LEEVTT
¢€'190T
605t

1sdloaas

62'6TT8T
81°1106€

c¢'e6eve
68'7996€
¢0'LTT6C
66'€LLcE
29'8€STE
60670L2
98'7069T
6€°0c9cT

28,916

T8°068L
ST°9909T
G2'089ST

¥0'LS.8
G8'G9eST
89°/8ETE
¢¥'8985¢
9€'¢vest
G2'2es9T
£8'8169¢
€0°050ST
9E'€T90T

9T'59.S
€0°9€€ST

uadioa W

12'98¢SY
LT°95965

8'€9€SS
€T¢re9s
8.'86.¢S
¥5'8¢TSS
2v'0L0vS
v¥'9.€25
S6'TS9EY
T6'v6TTY
L¥'0Sv.E
6€'G59.€
89'9€TEY
96'78vCy

V'vLSLE
L6°'€c6ey
86¢YTeS
TV'9Sv.Ly
92'69YSY
99798V
€5'TSY0S
€L'T020v
L¥'26e8¢e
S0'TLeee

€9'T/86€

'aIvIod AS

295
06€
9EV
S6€
Sov
(01594
<14
viv
16§
929
V.9
9.9
809
19
989
019
L6
S
S99
179
L0S
€€9
259
vIiL

€19

298
06€
9EV
S6€
Sov
oey
<14
viv
16§
929
V.9
9.9
809
19
989
019
L6v
S
S99
179
L0S
€€9
259
viL

€19

L0°GS
€1°6S
1885
€€'65
€€'85
8'8S
9'8S
85
9vS
€6'¢S
€5°0S
19°0S
s
8'€S
'0S
€L'ES
199§
€€°6S
€L'YS
Ly'vS
8'SS
Lees
90§
€997

€5°0S

BaIVI0d IN 904dQWNN WnN3Iog

2018 ST 00T 0€ T Gyreadaiosonoedise
LT'6L ST 00T o€ T GpreadaioLonoedive
70°08 ST 00T 0e T Spreadaigzouoedicz
18'08 ST 00T o€ T Gpreadaigzonoedize
12°08 ST 00T o€ T GpreadasoouoediTe
18 ST 00T o€ T  GpreadasoLonoedioz
6L'18 ST 00T 0€ T Gy¥eadaioouoedisT
89°08 ST 00T o€ T GpreadaioLonoedigt
6L°6L ST 00T o€ T Spyresdaioonoedi, T
TE'6L ST 00T o€ T Gpreadaigzonoedigr
zze8 ST 00T o€ T Gpreadaso/ouoediST
1928 ST 00T 0€ T GpreadasoLonoediyt
19'18 ST 00T 0€ T Gy¥eadaioouoediET
8v'z8 ST 00T o€ T GpreadaioLonoedizt

1'€8 ST 00T 0e T GyresdaioonoediTT
6828 ST 00T o€ T Gpreadaigzonoedior
£V'SL ST 00T o€ T SyieadaioLonoedis
189/ ST 00T o€ T  SyieadasoLonoedig
€L1L ST 00T 0€ T  SpieadaipLomoedl,

(472 ST 00T o€ T Syyesdasosomoedig
T€'GL ST 00T 0e T Spieadaigzomoedis
9e'18 ST 00T o€ T gyreadasosonoediy
19'€8 ST 00T o€ T  SyaeadaioLomoedie
16°€8 ST 00T o€ T  SyieadasoLomoediz
6208 ST 00T 0€ T  SpieadaigLomoediT

19A0D100 ISBAIU0D N Yduladsaul DAyl ered aweu sjdwes

SG/°0 awnAeads

NOILNTOS NIVLNNOA ATINO



Appendix M

Data table, Part 3 2(2)
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Appendix N
Charts, Part 3 1(1)

Mean dot area
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Appendix O
Halftone dots, Part 3 1(1)

Repeatability control of 45 printed samples
30% Dot Coverage, 100 Ipi
Only fountain solution, spray time: 0.75s

Print strip no: 6 Print strip no: 16

Print strip no: 31 Print strip no: 45



