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Abstract
In offset printing, dampening solution is used to create a good balance in the process. If too much water
is transferred to the paper, the sheet can change its size between the printing units, due to water
absorption, and cause a problem with the colour register. This phenomenon is usually referred to as fan-
out.

In this degree project, an investigation was made to see if the paper dimensions changed through its
way in the sheet-fed printing process. The instrument Luchs Register Measuring Systems (Lynx) was
used, and a method for measuring if the paper changed its dimensions with this instrument, was deve-
loped. 

Paper qualities with three different grammages were used, 90, 130 and 250 gsm. This investigation
showed that all paper qualities changed their size with widening in the gripper edge in the range of 10
- 70 μm and in the trailing edge the increase was 10 - 130 μm. The elongations of the papers were in the
range of 10- 300 μm. The papers with lowest grammage changed more than the heavier. 

To see if the print had been affected of the widening and elongation, print quality parameters like
relative contrast, dot gain and mottle were correlated with the Lynx data from the sheets. 

The group of papers that gave correlations were in 130 gsm. The sheets had visual doubling and the
combined standard deviation from the Lynx marks K3, K5 and K21 correlated with dot gain. When the
variations increased so did the dot gain and this indicates that the doubling was due to the widening.
There was also a correlation between the standard deviation from K3 and Mottle. The sheets widened
with an average of 30 μm in the gripper edge and since there probably were doubling due to widening
it also affected the Mottle values.

What the widening depends on is hard to tell. Since widening was so small, it could be due to water
absorption, papers being ironed out or maybe the sheets have been flattened out. It probably needs a
more detailed investigation to find out what causes the widening.

Further investigations about how print quality is affected by the register accuracy of a printing
machine should include a print form with measuring areas close to the Lynx marks. The measuring
areas should contain  fine hairlines, negative text printed with at least two colours and some pictures
to evaluate together with standard measuring should give a good knowledge about the subject.
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Sammanfattning
I offsettekniken används fuktvatten för att skapa en god balans i tryckprocessen. Om för mycket vat-
ten överförs till papperet kan arket absorbera detta och svälla, vilket brukar kallas för fan out. Om
detta sker blir det ett oönskat misspass mellan färgerna. 

I detta examensarbete har det undersökts om pappersarkens dimensioner ändrats genom tryck-
processen. En metod har utvecklats för att kunna använda Luchs Register Measuring Systems för att
mäta papperets dimensionsförändringar.

Papperskvalitéer med tre olika ytvikter användes, 90, 130 och 250 g. Undersökningen visade att
alla papperskvalitéer hade breddats och förlängts. I framkant hade arken breddats 10 - 70 μm och i
bakkant 10 - 130 μm. Förlängningen av arken var 110- 300 μm. Arken med den lägsta ytvikten för-
ändrades mest och arken med högst ytvikt förändrades minst. 

För att se om breddning och förlängning påverkat trycket, sattes trycktekniska parametrar som rela-
tiv kontrast, punktförstoring och flammighet in i grafer och korrelerades med de värden som erhölls
från mätningarna.

Arken i 130 gsm hade synlig dubblering och vid korrelation med den sammanvägda standardav-
vikelsen från Lynxmärkena K5, K3 och K21 och punktförstoring visades att samband fanns. När
standardavvikelsen ökade, ökade även punktförstoringen, vilket tydde på att dubbleringen berodde på
de dimensionsförändringar som hittades i denna undersökning. Samband mellan standardavvikelse i
K3 och flammighet visades också. Arken breddades i medeltal med 30 μm i framkant och troligtvis så
hade dubbleringen även en inverkan på flammighetsvärdena.

Vad breddningen beror på är svårt att avgöra. Då det är väldig små förändringar kan det bero på att
arket svällt på grund av vattenabsorption, att arket har breddats av mangling eller kanske arken har
varit en aning oplana och blivit tillplattade i trycknypen. Förmodligen krävs mer detaljerade under-
sökningar för att utreda vad breddningen beror på.

I framtida undersökningar om hur tryckkvalitén påverkas av breddning av arken, bör en anpassad
tryckform tas fram, där mätytorna placeras i närheten av Lynxmärkena. Mätytorna kan bestå av tunna
linjer, negativ text på en tonplatta tryckt med minst två färger och några bilder med olika motiv.
Utvärderingar av dessa ytor tillsammans med vanliga trycktekniska parametrar borde ge en god kun-
skap inom ämnet.
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1 Introduction

1.1 Stora Enso 
Stora Enso is a global market leader in the paper, packaging and forest
products area. The company produces publication and fine papers, pack-
aging boards and wood products. Stora Enso has 45 000 employees in
many countries. The Group has a production capacity of 16.4 million
tonnes of paper and board.

Stora Enso's main markets are Europe, North America and Asia and
the Group has a modern production capacity in those countries. Stora
Enso's customers are for example printing houses and both large and
small publishers. Other customers are the packaging, carpentry and con-
struction industries all over the world.

Falun Research Centre is one of Stora Enso's five Research Centres.
Teams research and develop products in many different areas in the paper
manufacturing process. From raw materials to paper manufacturing,
functional coating and also printability in flexography, gravure and offset.1

1.2 Background
In offset printing, dampening solution is used to create a good balance in
the process. Paper is a hydrophilic material which absorbs the water easi-
ly and this can make the paper swell. If too much water is transferred in
the printing process the sheet can change its size between the printing
units and cause a problem with the colour register. This phenomenon is
usually referred to as fan-out.2

A fibre swells mostly in its width and not so much in the length when
it gets in contact with water.3 In most sheets, printed in a sheet fed offset
press, the fibres lie in the cross direction to the printing direction4 and
that means that the paper length probably will change the most. 

Every paper mill has its special composition of the paper and depending
on how the papers are made the dimension stability is different between
qualities. Colour register errors occur not only because of the dimensional
changes of paper. The sheet's lateral position has a tendency to alter
while it travels through the printing units. In order to create better prin-
ting results, research on parameters that can have an influence on the
print result is needed. By examining if, how and why the paper change
through the printing process better print quality can be produced.
Projects about web widening and lateral movements of paper web for
newspaper prints have been made but no project has been found about
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this phenomenon in a sheet-fed offset press. This research was made at
Falun Research Centre and it is the first of maybe many more projects in
this area.

1.3 Purpose
The purpose was to investigate if the coated paper dimensions changed
through its way in the sheet-fed printing process. The purpose was also
to see if it was possible to use the instrument Luchs Register Measuring
Systems (Lynx) for this research. 

1.4 Goal
The goal was to find a method, that could be used with the instrument
Lynx, to show what happened with the paper dimensions. If a change was
shown, a second goal was to explain how and why the paper changed its
dimensions, and also to see if the changes effected the print quality.

1.5 Method
The project was carried out at Falun Research Centre (RCF) where prin-
ted sheets already existed. The papers chosen for this project were glossy
coated sheets in three different grammages and papers from different
manufacturers. The work was initiated with search for literature and
studies of previous research that had been carried out in the area. Since
earlier investigations only were made on newsprint paper web and not on
coated papers the information could only be used for creating ideas and
to come up with a way to investigate this area. 

After reading the reports it was time to learn about RCF's instrument
Luchs Register Measuring Systems. It had rarely been used at RCF so
through discussions with Petter Kolseth (supervisor), employees at RCF,
and by reading the manual and mail correspondence with the supplier in
Germany a method was created that could be used to investigate if the
dimensions of the sheets changed. The instrument was updated and
calibrated and then measurements on the glossy coated paper qualities
were made. 

A worksheet in Excel was constructed where all the values were suppo-
sed to be shown and easily understood. Graphs and correlations between
printing parameters and the values that were obtained from the measu-
rements were made. The graphs and correlations were then used to see if
there were any connections between change of paper dimensions and
print quality.



1.6 Demarcation
The biggest change was supposed to be shown between the first and the
last colour, therefore only the first and the last printing unit were used to
evaluate if the paper changed its dimensions. Printing parameters were
already measured, therefore they were used and new measurements were
not necessary. The paper qualities used were all coated since investigations
on uncoated paper such as newspaper web had been investigated before.

1.7 Technical Equipment
Luchs Register Measuring Systems (Lynx) was used to do all the measu-
rements of the sheets to see if the dimensions were changed. Microsoft
Excel was used to calculate and make graphs and correlations to see if
there were any connections between the sheets change and printing qua-
lity para-meters. The report was written in Microsoft Word and put toget-
her in QuarkXpress. Microsoft PowerPoint was used for the presentation
of the work.

1.8 Paper qualities
As presented earlier this study was based on coated paper qualities with
similar characteristic so that they could be compared. Since there are diff-
erent manufacturers and their names should not be known the papers are
named as Quality 1, Quality 2 and so on. Three different paper gramma-
ges were used: 90 gsm, 130 gsm and 250 gsm with size 450 x 640 mm.

1.9 The structure of the report
This report is divided into four main parts. The first one, Theory, presents
the theoretical background that is needed to understand the discussion
regarding papers tendency to widen i.e. fan-out.

The second part is called Accomplishments and presents how the work
progressed with all measurements. In chapter 3.4, the method for mea-
suring dimensional changes with the instrument Luchs Register
Measuring Systems, is described. Then follows Results which contains
results and graphs of the measurements 

The fourth part is called Conclusion & Discussion. In Conclusion the
results and conclusions that were made are presented. In Discussion the
work is more freely discussed and suggestions for future work it presented.
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Some words and expressions that are used are presented below.
The instrument LUCHS Register Measuring Systems will be referred as
Lynx
Falun Research Center is referred to as RCF.
MD is the machine direction of the web when paper is being made
CD is the cross direction of the web when paper is being made 
1/5 q is the difference between printing unit 1 and 5 in crosswise/lateral
direction
1/5 l is the difference between printing unit 1 and 5 in longitudinal/length
direction
Some graphs are called Total appraisal Standard deviation, in the text it
says combined standard deviation.
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2 Theory

2.1 Offset method
Offset is an indirect lithographic technology which means that the ink
from the plate is transferred via a blanket and then onto a substrate (See
Fig.1). In the offset printing process a water-based solution called dam-
pening solution is used to create a good balance with the ink. The prin-
ting areas on the plate are oleophilic which means that the ink adheres
while the non-printing areas are hydrophilic and the water adheres.
Before the plate is inked it is dampened with a water-based dampening
solution to prevent the ink from adhering to the non-printing areas.5 Most
of the dampening solution is emulsified into the ink by mechanical forces
and transfers to the paper, some evaporates, some stays on the cylinders
and the rest is transferred to the non printing areas of the paper.6

The amount of water that is transferred to the paper depends on the
time between each printing unit, paper and the pressure between the
blanket and the impression cylinder.7

5 Kipphan, H. Handbook of Printing Media (2001) p.52
6 Lim, P.Y.W., Daniels, C.J & Sandholzer, R.E., Determination of the fountain solution picked up by the paper and ink
in offset printing (1996) p.83-87
7 Salminen, P. Studies of water transport in paper during short contact times (1988) p.87-89

Fig. 1                                                                      The principle of Offset printing

Printed image

Blanket cylinder

Plate cylinder

Dampening rollers

Paper

Impression cylinder



2.2 Dampening solution
The dampening solutions function is to wet the non-printing areas to pre-
vent the ink from adhering. The solution helps cooling both ink and
rollers. To obtain optimal wetting the water surface tension has to be
lowered and this happens when isopropanol (IPA) is added to the solution.
IPA lowers the surface tension and the transfer of dampening solution
from the dampening roller to the plate is improved. IPA evaporates quick-
ly and to obtain a constant level of IPA the solution is tempered to 10 oC.
When the IPA evaporates from the plate, it takes heat from the water.
Doing that helps the temperature to stay constant and thereby also the
ink tack and the ink viscosity.

The advantage with IPA in the dampening solution is that when it eva-
porates, less water is transferred to the blanket. This results in less water
transfer to the paper and the ink can dry more quickly.8

The dampening solution also obtains a buffer substance that regulates
the pH value, plate preservative agents, anti corrosive agent, wetting
agent, drying agent and anti-microbe additives.9

2.3 Ink
The ink used in a sheet-fed offset press must be structured so that the
drying components doesn't harden while rollers in the inking unit, the
printing plate and blanket are being inked. The ink consists of pigments,
vehicle (binder), additives and solvent. A pigment gives the colour its
hue and consists of small particles in sizes from 0.1-2 μm. 

Vehicle is the binding agent and its task is to carry the pigment
through the inking unit, dry and leave the pigment on the paper surface.
Additives like drying catalysts, waxes and agents for preventing prema-
ture drying can be added. Solvents usually consist of mineral oils that
make the ink to stay in a liquid phase and they are absorbed by the paper
coating during ink setting.10

The ink must have a good capacity to hold the amount of dampening
solution that is mechanically emulsified into the ink.11 The ink dries by
absorption where parts of the solvent and varnish are sucked into the
paper. Main drying when sheet-fed offset inks dries is by oxidation and
polymerization. Once applied to a substrate a chemical reaction with the
oxygen in the air occur. It is necessary that the ink dry as quickly as pos-
sible so that mechanical properties like scuff resistance are obtained.
Complex oily acid salts based on cobalt or manganese are widely used as
driers to accelerate the oxidative curing process.12
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8 Grafisk Assistans AB, Styrt Offsettryck - Handbok för grafisk utbildning (2002) p.46
9 Kipphan, H, (2001), p.211
10 Ibid. p.137 p.211
11 Grafisk Assistans AB, (2002), p.64
12 Kipphan, H, (2001), p.173



2.4 Register
Register is when all the colours (cyan, magenta, yellow and black) in a
printed image are positioned exactly on top of each other. The accuracy
between front and backside can be as good as 0,1 mm but when it comes
to multi colour printing the tolerance is much smaller. To create a quali-
ty print the accuracy of the colour register must be approximately a few
hundreds of a millimetre.13

To create an image that will not appear out of focus, the plates have to
line up perfectly. Since the plates can be mounted with a very high deg-
ree of register accuracy only small corrections of the plates in accordance
with the image are necessary.14 To adjust register differences, misregis-
ter, the plate cylinders can be moved in both lateral and circumferential
directions with increments of 0,01 mm.15

There are different register marks that can be put on the plates and be
printed. When printed on the substrate it helps the press operator to
bring the press into register. If the overprinting is done correctly all the
lines for the colour separations lie one on top of each other. If there are
deviations the press operator looks with a magnifier glass with an addi-
tional measurement scale and can by using the scale or by having a
trained eye, estimate how much the plate has to be adjusted. There are
also automated colour register measuring instruments that can detect,
evaluate, and display deviations for the operator or in some cases the
adjustments is made directly in the press.16

2.5 Widening (fan-out)
Depending on how the papers are made, their dimensions have a ten-
dency to change when they are exposed to moisture or water. Paper is a
hydrophilic material and that means that the fibres swell when wetted.
This affects the entire fibre network and the paper change its dimen-
sions. A wood fibre swells more in its width than in its length.17
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13 Kipphan, H, (2001), p.108-109
14 Ibid. p.308
15 Ibid. p.109
16 Ibid. p.109
17 Fellers, C., Norman, B. Pappersteknik (1998) p.345-346

Fig. 2 Misregister caused by fan-out.



Most fibres are oriented in the machine direction18 and this leads to the
known fact that dimensional stability of paper is better in the machine
direction than in the cross machine direction.19 This can be a problem in
a newspaper web. Since newsprint is less sized it has a higher degree of
absorbency than a paper for a sheet fed offset press that can be both
internal and externally sized.20 This problem is most common in printing
units of tower-type where newspapers are printed. This is because it can
be several meters between the printing units meaning that the web has
more time to change.21 When this happens between the printing units the
colours are not printed on top of each other meaning there will be a mis-
register (See Fig. 2).

2.5.1 Compensating of fan-out
There are different ways to compensate for fan-out. When it comes to
widening in the cross direction in a coldset web offset press it is hard.
Displacing of the printing plates; expansion of pages in repro and mecha-
nical shrinkage of the web with bent or curved rollers have been sugges-
ted.22 23 To be able to use these examples it has to be known how much the
web expands before the plates are made and put to place.

In a sheet fed offset press, fan-out can be compensated by using a grip-
per-bowing device (See Fig. 3). This makes the sheet to bow in the first
printing unit and that results in a print that is narrower to the centre of
the sheet than it normally should be. When the sheet comes to the second
unit it is not bowed and when the paper widens the print is more narrow
the centre and fits the first printed area better.24 According to the prin-
ting technician Stefan Ericsson at RCF this method isn't very common
since there are small problems with fan-out in sheets.
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18 Abbot, C.J, Scott, E.W, Trosset, S. Properties of Paper: An Introduction (1995) p.58
19 Svenskt Papper AB, Svenskt Pappers Pappersskola (1999) chap. 7 p.2
20 Kananen, J. Water transfer and dimensional changes of paper in a wet nip (2003)
21 Parola M et al, (2004), www
22 Kananen, J, (2003)
23 Gomer M., Lindholm G. Hygroexpansion of newsprint as a result of water absorption in a printing press (1991) p.271
24 DeJidas, P.L.; Destree, M.T. Sheetfed Offset Press Operating (1988) p.132-133

Fig. 3                                                 Compensating for fan-out in a sheet fed offset press.
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2.6 Misregister
Register errors or misregister are not only caused by dimensional changes.
When a sheet travels through the press it can move in the lateral direc-
tion. If the sheet has moved laterally the misregister has moved evenly
over the sheet but when a sheet widens the register error is larger on the
edges than in the middle. Usually it is difficult to see whether widening
or lateral movement causes the error.25

2.7 Resolution of the eye
At a normal reading distance the human eye has a resolution of 0,1 mm.
It is assumed that a register error of 0,1 mm can bee seen but nothing
says that this is an absolute limit for what can be noticed in a print.
Smaller register errors maybe seen as bad printing result.26

2.8 Long grain vs. short grain
Depending on printing method and what is going to be made with the end
product, different fibre directions can be used. Usually a sheet printed in
a sheet fed offset press has its fibre direction cross the printing direction.
That is because the sheet then follows the cylinders well and also to pre-
vent fan-out. There are different ways of describing the fibre direction in
a sheet. Here are some terms being used (See Fig.4).27 28
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25 Parola M et al, (2004), www
26 Gomer M et al, (1991) p.270
27 Svensk Standard SIS 23 63 14
28 ISIS Proposal N21 ISO 217
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Fig. 4                                            Different ways of describing the fibre direction in paper.



2.9 Curl
When a paper absorbs or looses moisture or water an uneven contraction
or expansion of the two sides may occur. This makes the sheet to curl.29

2.10 Cockle
Cockle is a problem that happens when there is improper drying. If some
areas of the paper have different moisture content it will dry differently.
Local contractions and expansions in the paper makes the paper to cock-
le. The areas with more moist are remaining flat while the areas with less
moist tends to cockle.30

2.11 Waviness
Waviness is a deformation of the paper normally at the edges as a result
of non-uniform moisture content. During an increase in RH the sheets
edges absorb moisture while the rest of the paper remains unchanged.
The edges increase in length but are restricted from uniform expansion
by the body of the sheet resulting in wavy edges.31

2.12 Flatness
Flatness means that the paper has no curl, cockle or waviness.32 If a stack
of paper has any of these flaws it should not be printed since it gives a bad
printing result.

2.13 Print quality parameters
Measuring together with a trained eye is a good way of getting a good
quality in the print. Different parameters can be measured like dot gain,
density and relative contrast. Depending on the printing job some para-
meters are more important than others. There are also measurement
areas where slurring and doubling can be shown. 

2.13.1 Dot gain
To be able to produce pictures they are converted to dots. To make the pic-
ture obtain all tone values and to avoid colour shifting it is desirable that
the dot gain is kept low. There are three different kinds of dot gain. The
mechanical dot gain occurs during printing. The ink is distributed out
between the press roll nips.33 The biggest change of the tone values is
when the pressure between the plate and the blanket cylinder is changed.34

This leads to darker halftone areas than expected. Chemical dot gain is a
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31 Ibid. p.119
32 Wordfinder 7 Pappersord
33 Grafisk Assistans AB, (2002) p.119
34 Kipphan, H, (2001) p.224



build up of the dot that is an effect of the ink and dampening solution
interaction. There is also an optical dot gain that depends on how the
light refracts in the paper, so called light scattering.35

2.13.2 Slurring
This problem arises when the plate and the blanket or the blanket and
the substrate have different movements. It can also depend on the blan-
ket not being sufficiently tensioned or that too much ink has been used.
Slurring can occur both in circumferential direction and as a lateral
movement. Most common is the slurring in the circumferential direction
where the round dots are being squeezed in the nip and the ink is drawn
out to an elliptical dot. 

Slurring can be seen in colour control strips with line fields (See Fig.5).
If the slurring is in the circumferential direction, the lines in the printing
direction are unaffected but the halftones become darker and the right-
angled lines are becoming wider. Is it a lateral slur the right angels are
unaffected and the lines in the printing direction is becoming wider.36

2.13.3 Doubling
Doubling is when a halftone dot and text in one ore more colours has a
double, shadow-like contour (See Fig.5). Doubling is caused by register
deviations that can come from old and worn blankets, to much dampening
solution and ink, impression cylinders pressure is set to high,37 press
vibrations, paper deformation or feeding variations.

When the picture is printed the ink splits in the second printing unit
and an impression of the halftone picture is produced on the blanket.
When the next sheet is printed, this picture has to be printed exactly on
top of the other, otherwise the picture will become enlarged and that can
give both a colour shift and the tone values can be increased. As little as
10 μm misalignment leads to tonal shifts.38

2.13.4 Density
Density is a measure that is being used to tell how much ink that has
been transferred from the plate to the paper. To be able to control if the
ink level is good, and to see if the ink is put on evenly all over the print,
the density is measured with an instrument called densitometer. It mea-
sures the ratio between the light that hits the surface and the light that
is reflected.39

Things that can affect the density of the colour are the dampening solu-
tion, paper quality and the ink temperature. With warmer ink, its visco-
sity is lower and this leads to a thinner ink film printed (low density) and
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36 Kipphan, H. (2001) p.224-225
37 Grafisk Assistans AB, (2002) p.24
38 Kipphan, H. (2001) p.225
39 Grafisk Assistans AB, (2002) p.116

Fig. 5                 Slur and Doubling
Source:Kipphan



the print can look dull. If too much ink is used the density gets high and
problems like smearing and set off can occur.40

2.13.5 Relative Contrast
Relative contrast is defined as the difference between a 100%- and a 80%
tone area divided with the density in the 100 % area (See Fig.6). High
relative contrast gives pictures with many visible halftone steps in the
dark areas while a low relative contrast gives the picture fewer halftone
steps in the dark area and the picture comes out as flat. Relative contrast
is often used to see if there are some dot gains or if the density is good.
Optimal relative contrast is gained when the density is so high as it can be
without smearing and the dot gain in the 40-50 % tones are under control.41

2.13.6 Mottle
Mottle or mottling is a term for not wanted density variations in a homo-
genous area and it shows as a granular or a cloudy area. Mottle is not
shown in text or in detailed pictures. This phenomenon can depend on
several different factors like when the ink sets to the paper or the inter-
play between the paper and the ink. In coated paper it can depend on
varying absorbency in the coating layer.42

2.14 Parameters that have an influence on paper
dimension stability
Depending on how the paper is made it can change its dimension for dif-
ferent reasons when being exposed to liquids and moisture. When a sheet
is printed, poor dimension stability can give problems like misregister
caused by fan-out, curl or cockling.43 The dimension stability of a paper
depends on how the paper has been dried and how much the paper has
been allowed to shrink during drying.

2.14.1 Drying creates micro-compressions
A fibre swells almost nothing in its length while in its diameter it swells
20-30%. A higher shrinking of the paper when dried gives a higher expan-
sion when wetted.44

When the paper is dried, the fibres form a network where the fibres
bind to each other at fibre crossings, and micro-compressions are formed.
If a paper is being dried freely, the micro-compressions make the paper
shrink in both CD and MD. Since there are more fibres oriented in MD
than in CD the paper web shrinks more in CD than in MD.45

If the paper is being strained in MD and freely in CD during drying the
micro-compressions are only being formed in CD. The fibres in CD are
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40 Johansson et al, Grafisk kokbok 1998, s 210
41 Grafisk Assistans AB, (2002) p.114,118
42 Åslund, P. Medelreflektansens inverkan på subjektiv bedömning av flammighet (2001), www
43 Niskanen, K. Paper Physics (1998) p.223
44 Htun, M., Hansson, T., Fellers, C., Torkningens inverkan på papperets mekaniska egenskaper (1987) p.47
45 Ibid. (1987) p.11

D100 - D80
D100

Krel =

D100 = Density for a 100%- area 
for a colour

D80 = Density for a 80 %-area in 
the same colour

Fig. 6 Formula for Relative contrast.



being wavy formed while the strained fibres in MD are stretched.46

As seen in figure 7, the paper web shrinks more freely at the edges
during drying than the centre of the web. This leads to poorer dimensio-
nal stability of the web edges and it also leads to paper with different
mechanical properties at different positions.47

2.14.2 Curled fibres
Curled fibres is a term used for a deformed fibre that looks like a kink. A
fibre becomes curled when it is being beaten, or for example during dewa-
tering in a screw press.48 The fibres are beaten for several different rea-
sons. With beating the wet fibres gets more flexibility, increased swelling
capacity and a production of fines. These qualities increase the bonding
between fibres and the paper is getting better strength qualities. Curled
fibres give the sheet a higher shrinkage when paper is dried freely and
therefore higher hygroexpansion.49

2.14.3 Coated paper
To get a good printing result the surface of the paper must be smooth. To
obtain this, coating colour is applied to the paper to make its surface
smoother by filling the pits. A coated surface absorbs the ink more easily
and the print gets more even meaning less mottle. By coating, the paper
surface gets a higher porosity with many small pores. Coating also gives
the paper a good absorbency capacity, good colour contrast, smaller con-
sumption of ink and less spreading of the ink. Opacity is increased and
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46 Fellers, C et al, (1998) p.274
47 Karlsson, M. Papermaking Part 2, Drying (2000) p.336
48 Gärd J. The influence of fibre curl on the shrinkage and strength properties of paper (2002)
49 Salmén L.; Boman R.; Fellers C.; Htun M.  The implications of fiber and sheet structure for the hygroexpansivity of
paper (1987) 
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Fig. 7                            Widening in paper web.
Source:44



the chance of print through is reduced. The paper becomes brighter and
there is a higher gloss. 

Coating colour contains water, pigment normally white, binding solu-
tion together with dispersing agents, viscosity-regulating agents etc.50

2.14.4 Calendered paper
After the paper has been coated it gets calendered to obtain a smooth sur-
face and to get a high gloss. This is made to obtain a good quality print.
The paper is subjected to a mechanical treatment in a roll nip with a pres-
sure in the range of 5 - 25 MPa, which changes its shape or surface. Paper
can be subjected to glazing, thickness regulation, density adjustment or
embossing in a calender. There is also some disadvantage with calende-
ring the paper. When calendered the thickness of the paper is reduced
and with that follows a reduced stiffness. Both coated and uncoated
papers are being calendered. Glossy paper qualities are even more calen-
dered to obtain an even better print. This is done in a super calender.51

2.14.5 Relative Humidity (RH)
Relative humidity is a measure of the ratio between the actual moisture
content of the air and the maximum moisture content at the dewpoint.52

2.14.6 Moisture and Conditioning of Paper
After the paper is made it has some percentage of moisture varying in the
range of 2 - 12% and to obtain a good quality print the paper has to be
conditioned before being printed. If the paper is exposed to big changes in
the moisture, several defects on the papers will set in. If the moisture is
too low the paper becomes dehydrated and it bulges out in the middle of
the sheet. It can also be static and problems with the infeed section occ-
urs when the papers are stuck together. A dry paper swells more when
wetted and misregister can occur caused by widening of the paper. If
there is too much moisture the paper absorbs the moisture and swells at
the edges and it gets wavy.

Paper absorption ability is depending on the relative humidity that is
in the room. The smallest change in the dimensions of the paper is recei-
ved when RH is about 50 % and the temperature between 19 and 23  deg-
rees Celsius. If the paper has been standing too cold even if the RH has
been right the polythene coated wrapping should not been taken away
before the stack has the right temperature.53

2.14.7 Sizing
Paper used for printing should have a high sizing to avoid a high water
uptake. A high uptake of water could make the fibre- fibre bonding to dis-
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solve and the paper can change its dimension and strength.54 Therefore
chemical agents are added to the paper, hydrophobic sizing. They are
meant to make the fibres and the surface more hydrophobic to minimize
the capillary forces to absorb water into the paper. Depending if the pulp
is produced at a low pH or a neutral environment either rosin, AKD or
ASA agents are used.55
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3 Accomplishment

3.1 Research 
The project started with a meeting at Falun Research Centre to decide
subject. When the subject was decided, gathering of information about the
measuring instrument had to be done. By test measuring and reading
manuals and by discussion with the manufacturer, employees at RCF and
the supervisor the measuring could start. 

Information about the subject was found on Internet and in RCF's
library. Many articles, books, reports and Thesis papers of the topics
found on Internet were borrowed and read and by having discussions
with the supervisor, knowledge about the subject was obtained.

3.2 Choice of paper
Earlier investigations made have mainly been concentrated on coldset
printing of newsprint web. This investigation aimed at coated glossy she-
ets and since printed sheets were available at RCF those were chosen.
Since many printing quality parameters like density, relative contrasts,
dot gain and mottle already were obtained these measurements together
with the result from the new measurements could be used for evaluation.
The sheets had been printed all at the same occasion under same condi-
tions in RCF's Heidelberg SpeedMaster.

The papers chosen were coated glossy papers 450 x 640 mm in different
grammages:
Ten different qualities of 90 gsm
Seven different qualities of 130 gsm
Six different qualities of 250 gsm

3.3 Instrument Lynx
Lynx is a register measuring system that usually is used for controlling:
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Ø Folding register - the exact position of the printed image relative to
a fold.

Ø Position register - the position of the printed image relative to the
paper edge

Ø Perfecting register - the exact position of face printing and 
perfecting to each other.



The systems measuring head is an optical instrument that
scans the special Lynx marks. It translates the bars and
the spaces of the marks and sends it to a decoder. The

decoder translates the information and sends it to the
computer. The program
makes acquisitions of measu-
ring values and it automati-
cally recognises printing
unit, measuring positions

and measuring sequence. The
instrument  (See Fig.8) registers measuring
values in longitudinal and lateral direction at
the same time and evaluation of up to 10 prin-

ting units with one measuring operation can be done. The Lynx instru-
ment measures with an uncertainty less than 5 μm and the results can be
evaluated by diagram forms and by exporting data to Windows Excel.56

3.3.1 How Lynx marks are built
Depending of what paper quality being printed there are different marks.
The K mark is the measuring elements suitable for the normal offset
printing on white, matt or glossy, coated offset paper grades. The Z ele-
ments are intended for measurements on low-grade paper like newsprint.

The elements are called K1 to K25 depending on its position. Every
mark is different and should be placed in different positions on the sheet
(See Fig.9).
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56 SID, (2005), www

Fig. 9 A sheet with all possible lynx marks at their right positions. Nr. 1 to 5
is on the gripper edge in the machine. Source:SID

Fig.8 Lynx instrument
Source:SID



The reference in each Lynx mark is the part printed in the first unit, the
black frame with three lines. Every printing unit has its own coloured
mark in the frame and all colours have its own coordinate system that
shows how the colour has moved in proportion to the reference (See Fig.
10). The reference is the first colour printed and can be any unit with the
exception of the last unit. Only evaluation between two colours can be
done. 57

3.4 Method for measuring dimensions changes with
Lynx
Usually the program is used to evaluate the register accuracy of a prin-
ting machine. In this project a method for measuring if the paper dimen-
sions were changed during printing was developed by help from the
manufacturer. 

If several elements are printed from the same printing plate, a compa-
rison of the results between the Lynx marks and its elements can be done
and used to see if the paper dimensions changed. 

To do this, absolute mean values from different elements were subtrac-
ted from each other. The absolute mean value is an average of the move-
ments from the 10 sheets in every quality. To see if there was an increa-
se or decrease of paper dimensions across the printing direction of the
sheet (not CD of paper machine) the value from element K1 was subtrac-
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57 SID LUCHS, Manual

Fig. 10 Lynx marks.
Source: SID



ted from the element K5. This result was for the leading edge (gripper
edge) of the sheet. To see what had happened in the trailing edge of the
sheet in cross direction the values for K21 was subtracted from K25. If the
result had a negative value it meant that the sheet had increased in
width and if the value was positive the sheet had decreased in width. To
see if the sheet had changed in printing direction a calculation as follows
were made: K1 - K21, K3 - K23 and K5 - K25. If the value was positive
the sheet had increased in length and a negative value meant a decrease
(See Fig.11).

One problem with this calculation is that the errors in making the prin-
ting plates and positioning them in the printing machines are not taken
into consideration.

If all plates are correctly exposed and positioned in the machine and the
paper, and the rubber blanket do not change their dimensions, the abso-
lute mean values of all elements should be the same.
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Measuring value 1/2q     Measuring value 1/2q
K5 – K1 = 0 µm     K5 – K1 =  -200 µm

K1                                       K5 

Both units, elements from unit 1 
have moved with the paper

K1                                       K5 

Print in unit 1

K1                                       K5 

Print in unit 1

K1                                      K5 

Print in unit 2

K1                                      K5 

Print in unit  2

K1                                      K5 

Both units

   Print without changing paper dimensions                Print when widening of paper dimensions

Fig.11                                                   How the elements move with changed paper size.
Source: SID



3.4.1 Calibration with the old version of the calibration sheet
Since only test measuring had been done with the instrument the pro-
gramme had to be updated and therefore the latest version 3.5 was
downloaded from SID's website and then installed.

Before measuring was possible the instrument had to be calibrated. The
calibration sheet that was available was made for the older version of the
program and didn't match the new version. The old calibration sheet had
three calibration areas: one with paper white, one with longitudinal lines
and one with crosswise lines. The new version was meant to calibrate
with diagonal lines. Instead of a using a new calibration sheet the old ones
were used. The calibration was made by putting the measure device with
an angel of 45 degrees instead of 90 degrees to obtain diagonal lines.58

3.4.2 Measurements
10 sheets of each quality and grammage were measured. All of them had
six Lynx marks that were measured in a special order and direction.
Sometimes measurements had to be done twice since the instrument had
not recognised the element due to ink smear or other flaws. The program
calculated deviations that later were transferred to a data sheet. Since
the computer was a bit old the protocol had to be saved on a diskette. The
data on the floppy disk was opened in Microsoft Excel and could easily be
read. The data showed different measurements like standard deviations
for all elements and printing units in both longitudinal and lateral direc-
tions, the span of the measurements in one series, absolute mean values
and system difference. 

3.4.3 Summary of the data
A workbook in excel was made so that the data easily could be viewed.
The data from each quality got its own sheet and a summary sheet with
all the measured values that were of interest got its values transferred
through a link. Since the biggest change was expected between the first
and the last printing unit all measurements values from 1/5 l and 1/5 q
were analysed. To be able to see if there was an increase or a decrease of
the sheets the values from every sheet was used. The values from the dif-
ferent elements were subtracted from each other and the results were
placed into tables.

3.4.4 Standard deviations
Standard deviations for all Lynx mark either in longitudinal or lateral
direction were automatically calculated. To obtain a standard deviation
for a total movement in both directions a summary of the both values
were calculated with the formula in Fig.12.
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58 Godau, F. SID e-mailkonversation

Scom=   S2l x S2q

Scom=Combined standard deviation
S2l=Standard deviation L
S2q=Standard deviation Q

Fig. 12          Formula for Combined
standard deviation.



3.4.5 Making graphs and correlation
Graphs with the results from the calculations of widening, Standard
deviations and combined standard deviation values were made and then
correlated with different printing parameters to see if there were any con-
nections. A correlation coefficient between 0 and 1 is shown and values
over 0,6 indicates that there is a connection between the two rows of data.
If the coefficient is=1 there is a perfect correlation.

Print quality parameters used to correlated with:

Instrumental Mottle

Relative contrast in 70% and 80%

Dot gain in 40% and 80% in black  
To reduce the number of graphs being made, the element for K5 and
K21 that are positioned diagonal to each other were correlated with
each other. If the register changed in gripper and tailing edges a cor-
relation would be shown,58:a and therefore the two elements would be
representative of the other elements.

3.5 Study of the correlations and the graphs
Most of the time spent in this project went to study these results and
conclusions were drawn. The standard deviation results were put in
tables and correlated with the print quality parameters. The sheets were
also looked at to see if there were any bad prints visible to the eye. 

All the graphs were analysed and after that conclusions could be
drawn.
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4 Result

4.1 Widening and shrinking in 90 gsm
The result from the increasing or decreasing calculations showed that the
sheet had widened in the gripper edge (K5-K1) of the sheet with an ave-
rage of 70 μm and in the trailing edge (K25-K21) with an average of 130
μm (micron). The elongation (K5-K25, K3-K23 and K1-K21) was larger
than the widening and had an average of 300 μm (See Fig.13).59

4.1.1 Standard deviation values  
The standard deviation of the individual marks showed mostly a smaller
deviation in gripper edge of the sheet than the trailing edge. Quality 1
and 6 stood out with an increase of the deviation between the gripper
edge and the trailing edge with 15-40 μm. The standard deviation was
bigger in longitudinal direction than in widening. There were no bigger
difference between gripper edge and the trailing edge of the sheets except
in Quality 1 and 4 that had an increase of 10 μm in the trailing edge (See
Fig.14).60
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Qualities Absolute Mean value Q (micron) Absolute mean value L (micron)
90 gsm Gloss K5 -K1 K25 - K21 K5 - K25 K3 - K 23 K1 - K21

1 -41,7 -115,5 327,0 342,8 325,2
2 -66,0 -48,0 278,9 321,0 298,0
3 -60,7 -110,1 335,8 371,2 350,6
4 -41,5 -105,9 243,4 262,5 260,5
5 -49,4 -55,0 406,6 448,9 437,5
6 -185,7 -410,8 109,6 155,3 120,2
7 -30,8 -65,5 288,7 325,6 310,0
8 -86,0 -170,3 308,0 340,3 330,8
9 -46,5 -126,7 277,3 303,6 280,4
10 -56,4 -102,0 264,3 324,9 294,5

Average -66,5 -131,0 284,0 319,6 300,8
Increase 0,07mm 0,13mm 0,28mm 0,32mm 0,30mm

Standard Deviation 90 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7 Quality 8 Quality 9 Quality 10

1/5q
K 5 4,5 2,8 4,9 3,3 4,1 9,4 3,5 2,1 2,9 2,8
K 3 2,6 2,7 5,0 1,8 2,1 4,2 3,9 1,6 2,7 1,6
K 1 3,9 2,7 5,5 3,2 4,3 6,5 2,6 2,5 1,9 1,9
K 21 46,0 8,7 11,2 14,5 11,2 23,4 7,2 7,2 6,4 13,9
K 23 25,7 6,8 7,3 10,9 8,1 9,5 7,1 6,4 4,2 8,6
K 25 19,5 8,5 13,0 11,3 9,2 29,7 10,8 7,1 3,0 10,4

 1/5
K 5 20,0 10,8 10,5 16,5 8,0 12,6 10,5 7,5 6,1 5,6
K 3 15,5 7,9 7,6 12,1 10,0 17,5 8,1 6,5 7,2 7,5
K 1 24,8 6,9 11,2 13,8 11,1 8,1 9,8 9,7 6,3 11,3
K 21 34,5 7,2 13,9 22,0 11,7 8,1 10,2 12,4 6,7 11,8
K 23 31,7 9,5 9,2 25,8 4,9 8,6 6,7 9,5 6,9 11,9
K 25 32,7 12,2 12,4 27,9 6,9 12,2 11,3 9,9 7,1 11,1

Fig.13                                          The result of increasing or decreasing of 90 gsm.

Fig.14                                                         The Standard deviation values from90 gsm.



4.1.2 Combined standard deviation
Four of the Qualities (1, 4, 6 and 10) showed an increase of the values
with 10-25 μm in the trailing edge of the sheet compared to the gripper
edge. The other qualities showed no bigger difference between trailer
edge and gripper edge (See Fig.15).61

4.1.3 Dot gain
Some sheets had tendency, small, large or no doublings at all and to see
if there were any doublings due to elongation, widening or lateral move-
ments resulting in dot gain, values for both 40% and 80% in black were
correlated with widening, elongation, Standard deviation and combined
standard deviation values. No correlations were found.62

4.1.4 Relative contrast
If dot gain due to doublings occurred the relative contrast values should
be lower therefore correlations were made in both 70% and 80% area with
widening, elongation and combined standard deviation but no correla-
tions were found.63

4.1.5 Instrumental Mottle
The elongation, widening and the combined standard deviation  were cor-
related with Instrumental Mottle. No correlations between mottle and
widening/decrease in width were found.64

4.2 Widening and shrinking in 130 gsm 
The result from the increasing or decreasing calculations showed that the
sheet had widened in the gripper edge (K5-K1) with an average of 30 μm
and in the trailing edge (K25-K21) with an average of 14 μm. The increa-
se value back of the sheet cannot be taken in to consideration since some
sheets had widened and some had shrunk. An average of the four sheets
that had widened is 62 μm and the average for the sheets that had dec-
reased in width is 50 μm. Increase in elongation (K-K25, K3-K23 and K1-

Malin Strömberg

Degree project,  15 ECTS

Högskolan Dalarna 
Graphic Arts Technology 2005

Paper dimension stability in sheet-fed offset printing

34

61 Appendix B:1
62 Appendix D:1 - D:5
63 Appendix D:6 - D:8
64 Appendix D:9

Standard Deviation 90 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7 Quality 8 Quality 9 Quality 10

K 5 20,5 11,1 11,6 16,8 9,0 15,8 11,0 7,8 6,8 6,3
K 3 15,8 8,4 9,1 12,2 10,2 18,0 9,0 6,7 7,7 7,6
K 1 25,1 7,4 12,4 14,1 11,9 10,3 10,1 10,0 6,5 11,5
K 21 57,5 11,3 17,8 26,3 16,2 24,7 12,5 14,3 9,3 18,3
K 23 40,8 11,6 11,8 28,0 9,4 12,8 9,7 11,4 8,1 14,6
K 25 38,0 14,9 17,9 30,1 11,5 32,1 15,6 12,2 7,7 15,2

Fig.15                                                          The combined standard deviation of 90 gsm.



K21) was larger than the widening and had an average of 200 μm (See
Fig.16).65

4.2,1 Standard deviation values
The standard deviation of the individual marks showed also here a smal-
ler deviation in gripper edge then the trailing edge. Quality 4 and 7 stood
out with an increase of the deviation between the gripper edge and the
trailing edge with 10-19 μm. Again was the standard deviation bigger in
longitudinal direction than in widening. The deviations between gripper
edge and trailing edge were almost the same and only smaller differences
were seen (See Fig.17).66
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65 Appendix B:2
66 Appendix B:2

Fig.16 The result of increasing or decreasing of 130 gsm.

Qualities Absloute mean value Q (micron) Absolute mean value L (micron)
130 gsm Gloss K5-K1 K25-K21 K5-K25 K3-K23 K1-K21

1 -33,0 39,1 202,3 241,3 206,2
2 -23,1 41,0 218,1 262,1 216,5
3 -16,4 69,6 186,0 243,2 192,4
4 -22,2 -46,5 209,0 235,2 211,1
5 -29,1 -97,4 223,2 250,7 230,0
6 -23,9 -24,6 150,0 188,9 161,5
7 -55,0 -81,4 182,6 167,3 174,4

Average -29,0 -14,3 195,9 227,0 198,9
Increase 0,03mm 0,01mm 0,19mm 0,22mm 0,19mm

Standard Deviation 130 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7

1/5q
K 5 2,46 2,42 3,4 3,4 2,0 2,1 3,0
K 3 4,46 3,48 4,4 2,2 2,1 2,2 1,7
K 1 2,2 3,49 3,8 4,3 4,1 2,6 3,5
K 21 16,37 5,02 11,5 14,6 6,2 4,0 18,6
K 23 7,92 3,36 5,1 15,8 4,4 3,0 12,2
K 25 6,74 4,89 6,7 22,1 7,5 3,9 18,5

 1/5
K 5 10,02 6,13 4,8 12,28 7,31 6,98 15,75
K 3 12,55 6,18 13,8 12,92 7,35 5,45 7,13
K 1 10,76 4,63 8,2 13,22 6,13 4,12 14,82
K 21 9,39 6,36 12,5 15,44 6,15 5,07 12,9
K 23 7,12 5,74 15,4 17,9 5,95 5,83 7,64
K 25 8,57 8,26 14,9 17,82 9,03 6,84 18,09

Fig.17 The Standard deviation values from 130 gsm.



4.2.2 Combined standard deviation
Most qualities showed no bigger difference between trailing edge and
gripper edge. Three of the seven Qualities (3, 4 and 7) showed an increa-
se of the values with 7-10 μm in the trailing edge of the sheet compared
to the gripper edge (See Fig.18).67

4.2.3 Dot gain 
Four of seven qualities had some kind of visual doubling. Therefore were
values for standard deviation and combined standard deviation and wide-
ning values correlated with the 40% and 80% area in black. The correla-
tion between combined standard deviation in K5 and dot gain 40% was
R2=0,8587 and in 80% R2=0,8368  (See Fig.19&20). The correlation bet-
ween combined standard deviation in K21 and dot gain 40% was
R2=06308 and in 80% R2=0,7946.68

4.2.4 Relative contrast
The values for widening, elongation and combined standard deviation
were correlated with the 70% and 80% areas but no correlations were
found.69
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67Appendix B:2
68 Appendix D:10 - D:12
69Appendix D:13 - D:15

Standard Deviation 130 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7

K 5 10,3 6,6 5,9 12,7 7,6 7,3 16,0
K 3 13,3 7,1 14,5 13,1 7,6 5,9 7,3
K 1 11,0 5,8 9,0 13,9 7,4 4,9 15,2
K 21 18,9 8,1 17,0 21,2 8,7 6,4 22,6
K 23 10,6 6,7 16,2 23,9 7,4 6,5 14,4
K 25 10,9 9,6 16,4 28,4 11,7 7,9 25,9

y = 0,003x + 0,188
R2 = 0,8587
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Fig.18 The combined standard deviation of 130 gsm.

Fig.19 & 20 Correlation between Dot gain and combined standard deviation in 130 gsm
For full scale See Appendix D:12



4.2.5 Instrumental Mottle
Instrumental Mottle were correlated with the elongation, widening and
the combined standard deviation values for K5 and K3.  The correlation
between widening in trailing edge and Instrumental Mottle was
R2=0,6858. The values for standard deviation in K3q between IA-Mottle
showed a connection with R2=0,8952 (See Fig.21) 70

4.3 Widening and shrinking in 250 gsm
The heavier paper qualities had widened in the gripper edge with an ave-
rage of 7 μm. Values from Quality 2 could not be measured due to flaws
in the element and Quality 3 had decreased in width. The average of 9 μm
is from the four remaining qualities and therefore not correct. Increase in
elongation had an average of 116 μm (See Fig.22).71
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70 Appendix D:16 - D:17
71 Appendix B:3
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Fig.21  Correlation between IA-Mottle and Standard deviation in130 gsm.
For full scale See Appendix D:17

Qualities Absloute mean value Q (micron) Absolute mean value L (micron)
250 gsm Gloss K5-K1 K25-K21 K5-K25 K3-K23 K1-K21

1 -4,7 -5,8 110,1 115,9 109,2
2 0,4 no value 131,0 136,8 no value
3 -3,4 2,2 93,7 108,1 102,4
4 -10,4 -8,3 164,3 173,0 173,3
5 -7,1 -5,5 102,1 103,4 96,4
6 -14,6 -19,5 99,6 107,3 107,9

Average -6,6 -7,4 116,8 124,1 117,9
Increase 0,01mm 0,01mm 0,11mm 0,12mm 0,11mm
Fig.22 The result of increasing or decreasing of 250 gsm.



4.3.1 Standard deviation values in 250 gsm 
The biggest difference between gripper edge and trailing edge of the indi-
vidual marks was 4 μm. The deviation in elongation was a bit larger than
in widening but only with 3 μm (See Fig.23).72

4.3.2 Combined standard deviation
All values varied from 3,4 - 9,8 μm and an increase of the values was
shown in the trailing edge with only 2 μm. All qualities had similar valu-
es (See Fig.24).73

4.3.3 Dot gain
Non of the qualities had visual doublings but the values for standard
deviation and combined standard deviation for widening were correlated
with values for both 40% and 80% in black but no correlations were
found.74
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72 Appendix B:3
73 Appendix B:3
74 Appendix D:18 - D:20

Standard Deviation 250 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6

1/5q
K 5 1,0 2,3 1,7 2,7 1,2 2,4
K 3 1,2 2,3 1,8 1,7 1,7 2,1
K 1 1,2 2,4 2,0 1,9 1,6 2,3
K 21 2,8 bad 3,2 3,9 5,5 5,9
K 23 2,3 4,0 2,7 3,4 3,1 6,2
K 25 3,4 3,7 4,5 5,9 4,2 4,6

 1/5
K 5 3,2 5,6 5,2 4,8 5,8 6,2
K 3 3,6 5,3 6,7 4,5 6,8 6,4
K 1 3,5 4,5 5,4 4,5 4,7 5,4
K 21 3,0 bad 5,6 6,1 4,7 7,0
K 23 3,1 5,0 6,5 5,7 7,3 7,6
K 25 4,7 5,6 5,8 4,5 6,4 5,7
Fig.23 The Standard deviation values from 250 gsm.

Standard Deviation 250 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6

K 5 3,4 6,0 5,5 5,5 5,9 6,6
K 3 3,8 5,8 6,9 4,8 7,0 6,7
K 1 3,7 5,1 5,8 4,9 5,0 5,8
K 21 4,1 bad 6,4 7,3 7,2 9,2
K 23 3,8 6,4 7,1 6,7 8,0 9,8
K 25 5,8 6,7 7,3 7,4 7,6 7,3
Fig.24 The combined standard deviation of 250 gsm.



4.3.4 Relative contrast
No connections between widening, elongation, combined standard devia-
tion and relative contrast were found.75

4.3.5 Instrumental Mottle
No correlations between elongation and the combined standard deviation
values for K5 and K3 with Instrumental Mottle. The correlation between
widening and Instrumental Mottle showed a R2=0,5171 (See Fig. 25).76 
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Fig.25                            Correlation between IA-Mottle and widening in front of 250 gsm.
For full scale See Appendix D:25

75 Appendix D:21 - D:22
76 Appendix D:23
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5 Conclusion
A method for measuring dimensional changes with the instrument Lynx
was developed and the caluclations showed that all paper qualities chan-
ged the size. The lightest paper changed more than the heavier.

In 90 gsm an average of the qualities widens with 70 μm in the gripper
edge and the trailing edge a value 130 μm. The elongation of the papers
were greater than the widening with an average of 300 μm.

In 130 gsm an average of the qualities widened with 30 μm in the gripper
edge. Some qualities had decreased in width and some had widened in the
trailing edge. Therefore is the average 10 μm not correct. The average
without the ones that decreased in width was 60 μm. The elongation of
the papers were also here greater than in widening with an average of
200 μm.

In 250 gsm an average of the qualities widens with 10 μm in the gripper
edge. Even though a value was missing caused by flaws in the element
the average would not be affected since it is small values and therefore
the average of the widening in the trailing edge was 10 μm. A value was
missing in one of the marks but an average could anyway be calculated
for 2/3 of the sheet and the elongation of the papers was 110 μm.

The print quality parameters that all the qualities were correlated with
showed no connections with the values from both 90 and 250 gsm.

Four of seven qualities in 130 gsm had some kind of visual doubling and
a correlation between combined standard deviation in both K5 and K21
with dot gain in 40% and in 80% were shown.

The values for Standard deviation in K3q between IA-Mottle showed a
connection and the correlation between widening in the trailing edge and
IA Mottle correlated. 

The print form was not especially designed for this investigation.
Therefore the visual evaluation, of how the print quality was effected of
the dimensionel changes, showed a low difference. 
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6 Discussion
All paper qualities changed the size with a widening in the gripper edge
in the range of 10 - 70 μm and in the trailing edge the widening was in
the range of 10 - 130 μm. The elongation of the papers was in the range
of 110- 300 μm. There was less widening at higher grammages (See
Fig.26). As seen in Fig.27 the combined standard deviation were smaller
with higher grammages and this also shows that a higher grammage is
more stable to dimensional change than a lower grammage.
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Fig. 26 Average widening and elongation of the three grammages.
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Surprisingly, there was no correlation between print quality and the Lynx
data in 90 gsm. One could think that the lower paper grammages would
be more vulnerable to mechanical changes because they are less stiff.

Quality 6 in 90 gsm widened more than others and had the worst valu-
es. The values were bigger in widening and smaller in elongation than the
other qualities and it seems that the sheets maybe were of Short Grain
instead of Long Grain. 

The group of papers that gave correlations were in 130 gsm. Four of the
seven qualities had some kind of visual doubling and the combined stan-
dard deviation from the Lynx marks K3, K5 and K21 correlated with dot
gain. When the variations increased so did the dot gain and this indica-
tes that the doubling was due to the widening. When the sheet changed
in size the printed image did not fit exactly on top of the image printed in
the first unit. It can be that the paper qualities in 130 gsm has a higer
stiffness and therefore have a higher tendency to move laterally in the
press between grippers.

There was also a correlation between the standard deviation value from
K3 and Mottle. The sheets widened with an average of 30 μm in the grip-
per edge and since there probably was doubling due to widening it also
affected the Mottle values.

It is known that the eye can see a colour register error of 100 μm77 from
a normal reading distance and whether the increase in these papers had a
visual effect on printed images is hard to tell. 

A colour register error could affect the printing areas differently depen-
ding on what is printed. A negative text that is printed with at least two
colours could be affected if one colour is displaced. Depending on the two
colours printed, a white negative text may become yellow. A picture can
look blurry and tonal shifts can occur with a 10 μm misregister78 and fine
hairlines can change in width and tonal shift can occur depending on the
direction of the movement.

In a grey balance area a misregister can cause tonal shifts. Depending
if the colour moves exactly to the next row of halftone dots there will be
no shifts, but on the outer edge of the area a misregister of a colour can
be seen. If the colour moves its angle or just moves half a row it will be
printed between two halftone lines and a tonal shift can occur.79

What the widening depends on is hard to tell. A more detailed investi-
gation is probably needed to find out what causes the widening and this
investigation can only suggest different topics that could be the cause.

When sheets are being printed the process contains dampening solu-
tion. Since paper is a hydrophilic material the water may be absorbed. It
is not known how much water that is transferred from the plate to the
paper but it is known that most of the free dampening solution is evapo-
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78 Kipphan, H, (2001) p.225
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rated and most of the water is transferred to the paper with the ink.80

When printed in an offset press the paper must have good dimension
stability due to the water transfer. The papers are sized, and to get good
print quality they require a smooth surface. Therefore the papers are coa-
ted and calendered in some degree. In the printing press, the sheet goes
through the nip with a velocity of 1,7 m/s with a pressure of 1 MPa and it
takes about 1,6 s between the printing units.81 There is a short time for
the water to be transferred in to the paper and for the widening of the
paper to occur between the units. Most of the small amount of water pro-
bably stays in the coating layer or gets ironed in.82 Knowing all this it is
difficult to say if the widening depends on absorption of water or mecha-
nical forces. 

The papers used in this project had its fibre direction cross the printing
direction and the result showed that there was a bigger increase in length
than in width as expected. Since a fibre swells more in its width than in
length, the ratio of elongation to widening could indicate a widening due
to water. 

Some people believe that the paper is being ironed out in the press and
therefore changes its size.83 The sheets used in this project were calende-
red and compared to the calender pressure (5-25 MPa)84 and the pressu-
re in the printing nip (1 MPa)85 it seems unlikely to be the case.

Since the sheets change the size in both directions it could be that the
papers are not perfectly flat and when printed it is flattened out. If an
uneven stock is printed the grippers will take the paper and small waves
occur between the grippers. When the paper is transported between the
units a new set of grippers takes the sheet, allowing it to stretch. 

6.1 Further investigations
This project could be extended with further investigations about how
print quality is affected by the register accuracy of a printing machine. In
this project the printed areas for evaluation were placed in the gripper
edge of the sheet and the biggest change was of the trailing edge and in
elongation. A special print form with measuring areas close to the Lynx
marks should be constructed. Areas with fine hairlines, negative text
printed with at least two colours and some pictures to evaluate together
with standard measuring should give a good knowledge about the subject.

To see how much the sheets are effected by mechanical forces in the
press, sheets could be printed without water with special plates and ink
made for waterless offset. 
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APPENDIX A
Time plan

PreStudies
v.15-17 Learning the instrument
v.15-17 Experimental measuring
v.15-23 Reading reports and thesis
v.15-23 Search and read literature

Measuring of the sheets 
v.18 With LUCHS

Graphs
v.18 Construct worksheet in Excel

v.18-19, 24-25 Construct graphs in Excel

Analysis of graphs
v.21-23, 24-25 Searching for connections

Report
v.18 Halftime report

v.15-26 Continous report writing
v.26 Conclusion
v.26 Proof reading
v.28 Approval from Supervisor
v.32 Handing the report in

Account of project
v.32 Preparation for presentation
v.33 Account of the project
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APPENDIX B:1
Widening & Standard deviation 90 gsm 

Qualities Absolute Mean value Q (micron) Absolute mean value L (micron)
90 gsm Gloss K5 -K1 K25 - K21 K5 - K25 K3 - K 23 K1 - K21

1 -41,7 -115,5 327,0 342,8 325,2
2 -66,0 -48,0 278,9 321,0 298,0
3 -60,7 -110,1 335,8 371,2 350,6
4 -41,5 -105,9 243,4 262,5 260,5
5 -49,4 -55,0 406,6 448,9 437,5
6 -185,7 -410,8 109,6 155,3 120,2
7 -30,8 -65,5 288,7 325,6 310,0
8 -86,0 -170,3 308,0 340,3 330,8
9 -46,5 -126,7 277,3 303,6 280,4
10 -56,4 -102,0 264,3 324,9 294,5

Average -66,5 -131,0 284,0 319,6 300,8
Increase 0,07mm 0,13mm 0,28mm 0,32mm 0,30mm

Standard Deviation 90 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7 Quality 8 Quality 9 Quality 10

1/5q
K 5 4,5 2,8 4,9 3,3 4,1 9,4 3,5 2,1 2,9 2,8
K 3 2,6 2,7 5,0 1,8 2,1 4,2 3,9 1,6 2,7 1,6
K 1 3,9 2,7 5,5 3,2 4,3 6,5 2,6 2,5 1,9 1,9
K 21 46,0 8,7 11,2 14,5 11,2 23,4 7,2 7,2 6,4 13,9
K 23 25,7 6,8 7,3 10,9 8,1 9,5 7,1 6,4 4,2 8,6
K 25 19,5 8,5 13,0 11,3 9,2 29,7 10,8 7,1 3,0 10,4

30,4 8,0 10,5 12,2 9,5 20,9 8,4 6,9 4,6 11,0
 1/5
K 5 20,0 10,8 10,5 16,5 8,0 12,6 10,5 7,5 6,1 5,6
K 3 15,5 7,9 7,6 12,1 10,0 17,5 8,1 6,5 7,2 7,5
K 1 24,8 6,9 11,2 13,8 11,1 8,1 9,8 9,7 6,3 11,3
K 21 34,5 7,2 13,9 22,0 11,7 8,1 10,2 12,4 6,7 11,8
K 23 31,7 9,5 9,2 25,8 4,9 8,6 6,7 9,5 6,9 11,9
K 25 32,7 12,2 12,4 27,9 6,9 12,2 11,3 9,9 7,1 11,1

Standard Deviation 90 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7 Quality 8 Quality 9 Quality 10

K 5 20,5 11,1 11,6 16,8 9,0 15,8 11,0 7,8 6,8 6,3
K 3 15,8 8,4 9,1 12,2 10,2 18,0 9,0 6,7 7,7 7,6
K 1 25,1 7,4 12,4 14,1 11,9 10,3 10,1 10,0 6,5 11,5
K 21 57,5 11,3 17,8 26,3 16,2 24,7 12,5 14,3 9,3 18,3
K 23 40,8 11,6 11,8 28,0 9,4 12,8 9,7 11,4 8,1 14,6
K 25 38,0 14,9 17,9 30,1 11,5 32,1 15,6 12,2 7,7 15,2

Widening

Standard deviation

Total appraisal Standard deviation
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APPENDIX B:2
Widening & Standard deviation 130 gsm 

Widening

Qualities Absloute mean value Q (micron) Absolute mean value L (micron)
130 gsm Gloss K5-K1 K25-K21 K5-K25 K3-K23 K1-K21

1 -33,0 39,1 202,3 241,3 206,2
2 -23,1 41,0 218,1 262,1 216,5
3 -16,4 69,6 186,0 243,2 192,4
4 -22,2 -46,5 209,0 235,2 211,1
5 -29,1 -97,4 223,2 250,7 230,0
6 -23,9 -24,6 150,0 188,9 161,5
7 -55,0 -81,4 182,6 167,3 174,4

Average -29,0 -14,3 195,9 227,0 198,9
Increase 0,03mm 0,01mm 0,19mm 0,22mm 0,19mm

Standard Deviation 130 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7

1/5q
K 5 2,46 2,42 3,4 3,4 2,0 2,1 3,0
K 3 4,46 3,48 4,4 2,2 2,1 2,2 1,7
K 1 2,2 3,49 3,8 4,3 4,1 2,6 3,5
K 21 16,37 5,02 11,5 14,6 6,2 4,0 18,6
K 23 7,92 3,36 5,1 15,8 4,4 3,0 12,2
K 25 6,74 4,89 6,7 22,1 7,5 3,9 18,5

 1/5
K 5 10,02 6,13 4,8 12,28 7,31 6,98 15,75
K 3 12,55 6,18 13,8 12,92 7,35 5,45 7,13
K 1 10,76 4,63 8,2 13,22 6,13 4,12 14,82
K 21 9,39 6,36 12,5 15,44 6,15 5,07 12,9
K 23 7,12 5,74 15,4 17,9 5,95 5,83 7,64
K 25 8,57 8,26 14,9 17,82 9,03 6,84 18,09

Standard Deviation 130 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6 Quality 7

K 5 10,3 6,6 5,9 12,7 7,6 7,3 16,0
K 3 13,3 7,1 14,5 13,1 7,6 5,9 7,3
K 1 11,0 5,8 9,0 13,9 7,4 4,9 15,2
K 21 18,9 8,1 17,0 21,2 8,7 6,4 22,6
K 23 10,6 6,7 16,2 23,9 7,4 6,5 14,4
K 25 10,9 9,6 16,4 28,4 11,7 7,9 25,9

Standard deviation

Total appraisal Standard deviation
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APPENDIX B:3
Widening & Standard deviation 250 gsm

Widening

Qualities Absloute mean value Q (micron) Absolute mean value L (micron)
250 gsm Gloss K5-K1 K25-K21 K5-K25 K3-K23 K1-K21

1 -4,7 -5,8 110,1 115,9 109,2
2 0,4 no value 131,0 136,8 no value
3 -3,4 2,2 93,7 108,1 102,4
4 -10,4 -8,3 164,3 173,0 173,3
5 -7,1 -5,5 102,1 103,4 96,4
6 -14,6 -19,5 99,6 107,3 107,9

Average -6,6 -7,4 116,8 124,1 117,9
Increase 0,01mm 0,01mm 0,11mm 0,12mm 0,11mm

Standard Deviation 250 gsm 10 Sheets(micron)
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6

1/5q
K 5 1,0 2,3 1,7 2,7 1,2 2,4
K 3 1,2 2,3 1,8 1,7 1,7 2,1
K 1 1,2 2,4 2,0 1,9 1,6 2,3
K 21 2,8 bad 3,2 3,9 5,5 5,9
K 23 2,3 4,0 2,7 3,4 3,1 6,2
K 25 3,4 3,7 4,5 5,9 4,2 4,6

 1/5
K 5 3,2 5,6 5,2 4,8 5,8 6,2
K 3 3,6 5,3 6,7 4,5 6,8 6,4
K 1 3,5 4,5 5,4 4,5 4,7 5,4
K 21 3,0 bad 5,6 6,1 4,7 7,0
K 23 3,1 5,0 6,5 5,7 7,3 7,6
K 25 4,7 5,6 5,8 4,5 6,4 5,7

Standard Deviation 250 gsm Q & L
Quality 1 Quality 2 Quality 3 Quality 4 Quality 5 Quality 6

K 5 3,4 6,0 5,5 5,5 5,9 6,6
K 3 3,8 5,8 6,9 4,8 7,0 6,7
K 1 3,7 5,1 5,8 4,9 5,0 5,8
K 21 4,1 bad 6,4 7,3 7,2 9,2
K 23 3,8 6,4 7,1 6,7 8,0 9,8
K 25 5,8 6,7 7,3 7,4 7,6 7,3

Standard deviation

Total appraisal Standard deviation
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APPENDIX C:1
Relative contrast, Mottle, Dot gain & Doubling 90 gsm

90 gsm Doubling
Quality

1 no
2 no
3 small
4 small
5 no
6 no
7 tendency
8 no
9 small
10 no

Relative contrast 90 gsm
Qualities K70% K80%

1 48% 36%
2 50% 38%
3 52% 40%
4 50% 38%
5 53% 41%
6 50% 39%
7 50% 38%
8 52% 40%
9 49% 37%

10 50% 38%

90 gsm Mottle (K40)
Qualities

1 2,2
2 2,0
3 1,4
4 2,8
5 2,8
6 2,8
7 2,0
8 3,0
9 2,6

10 1,4

Dot gain Black 90gsm
40% 80%
24% 14%
22% 13%
20% 12%
23% 13%
20% 12%
23% 13%
22% 13%
19% 12%
23% 14%
22% 13%
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APPENDIX C:2
Relative contrast, Mottle & Doubling 130 gsm

130 gsm Doubling
Quality

1 large
2 no
3 small
4 tendency
5 small
6 no
7 no

Relative contrast 130 gsm
Qualities K70% K80%

1 51% 39%
2 52% 40%
3 50% 38%
4 52% 41%
5 53% 42%
6 53% 41%
7 48% 36%

130 gsm Mottle (K40)
Qualities

1 2,0
2 2,8
3 1,8
4 3,2
5 3,8
6 4,2
7 3,2

Dot gain Black 130 gsm
Quality 40% 80%

1 23% 13%
2 20% 12%
3 20% 13%
4 23% 13%
5 21% 13%
6 21% 12%
7 23% 14%
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APPENDIX C:3
Relative contrast, Mottle & Doubling 250 gsm

250 gsm Doubling
Quality

1 no
2 no
3 no
4 no
5 no
6 no

Relative contrast 250 gsm
Qualities K70% K80%

1 55% 43%
2 54% 43%
3 57% 45%
4 55% 43%
5 54% 43%
6 54% 42%

250 gsm Mottle (K40)
Qualities

1 4,6
2 4,2
3 4,8
4 4,2
5 4,4
6 2,2

Dot gain Black 250 gsm
Quality 40% 80%

1 19% 11%
2 20% 12%
3 17% 11%
4 19% 12%
5 19% 12%
6 19% 12%
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Dot gain 90 gsm
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Dot gain 90 gsm
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Dot gain 90 gsm
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APPENDIX G
Time in press

Printing Speed [Signatures/hour] 9000

Speed [m/s] 1,7
Time between units 1-2 [s] 1,6
Time between units 1-3 [s] 3,2
Time between units 1-4 [s] 4,8
Time between units 1-5 [s] 6,4
Time between units 1-6 [s] 8,0

Blanket cylinder [rounds/s] 2,5
Speed [s/round] 0,4
Blanket cylinder perimeter [m] 0,695
Speed (print nip) [m/s] 1,738
Rounds between printing units 4



Paper dimension stability in sheet-fed offset printing

Malin Strömberg 2005

APPENDIX H

C
o

m
b

in
e

d
 s

ta
n

d
a

rd
 d

e
v
ia

ti
o

n

0,
0

5,
0

10
,0

15
,0

20
,0

25
,0

9
0
 g

sm
  

  
  

  
  

  
  

  
  

  
  

  
1
3
0
 g

sm
  

  
  

  
  

  
  

  
  

  
  

  
2
5
0
 g

sm

Micrometer

K
5 

G
rip

pe
r

ed
ge

K
21

 t
ra

ili
ng

ed
ge

A
v
e

ra
g

e
 w

id
e

n
in

g
 a

n
d

 e
lo

n
g

a
ti

o
n

05010
0

15
0

20
0

25
0

30
0

35
0

9
0
 g

sm
  

  
  

  
  

  
  

  
  

  
  

  
1
3
0
 g

sm
  

  
  

  
  

  
  

  
  

  
  

  
2
5
0
 g

sm

Micrometer

G
rip

pe
r 

ed
ge

Tr
ai

lin
g 

ed
ge

E
lo

ng
at

io
n

Average widening, elongation and combined standard deviation of all three grammages



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


