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New methods for the analysis of the paper web performance on the press
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ABSTRACT

Web breaks, register errors, wrinkling and the unstability of the paper web are the major runnability
problems on the printing press. These disturbances are caused by the interactions of the paper web
and the press. Over the past decades many studies have been carried out without a breakthrough in
the evaluation of the most important factors that affect these disturbances.

In this study, a new portable tension profile measuring unit has been used in several printing
presses. This system is able to measure the cross-directional web tension profile, with a high
frequency, on printed and unprinted webs. Together with the CCD camera based high-speed web
width and online register measurements, this configuration provides a powerful tool for the analysis
of paper web performance.

In addition to the measurements, physical modelling allows to gain a better understanding of web
dynamics. The behaviour of the paper web cannot be satisfactorily explained by traditional
laboratory tests, especially if the paper is printed. In this study the finite element method was
applied to study the tension profile of the paper web as well as the interactions of the paper and the
printing press.

Measurements were made on several printing presses. The interactions of the paper web and the
press were analysed by measurements and by finite element modelling. Physical models were
evaluated by the data measured on the presses. Based on this analysis, different factors that affect
runnability are outlined and guidelines are proposed for actions to improve runnability.

INTRODUCTION

Production without runnability problems is a goal for every printer but in practise this goal is still
far away. Typical runnability disturbances in presses are web breaks, register errors, web unstability
and wrinkles. These problems decrease the efficiency of presses and cause defects in quality. As
press speeds and web widths are increasing, the control of the paper web becomes more critical and
the printer as well as the paper maker must gain a deeper understanding of web dynamics to achieve
better productivity.

Over the decades, many runnability studies have been made by papermakers, printers and scientists.
These studies have more or less concentrated on web breaks and very few have addressed with the
other runnability problems. Furthermore, the web break studies have mainly concentrated on paper
strength properties and have been carried out by papermakers, while some but not many studies
have been made by printers. One reason for this is that the studies of web breaks in presses are very
difficult because of the statistical origin of the problem. You have to study thousands of rolls in the
press to get statistically meaningful data.

Papermakers have studied the effect of different paper properties on web breaks, mainly in
laboratory and on a pilot scale (Niskanen, 1993 and Roisum, 1990). Their results show that the
traditional strength properties, such as tensile strength and tear strength, do not play a significant
role in runnability. This may be understood on the assumption that the strength of paper is adequate
in the present paper grades. Also the tension levels of the presses have decreased during the past
few decades. Papermakers have developed a new measurement to characterize the paper's ability to
carry a load when there is a flaw. In this test a paper sample with a cut or cuts is stretched until
breaking and tensile resistance value is calculated. This method is based on the logical assumption
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that a web with flaws breaks more easily than an intact web. At any rate this new measurement has
not produced any contradictory results, only one study found a correlation with the web break rate
and tensile resistance (Page, 1982). This might be due to the large number of different parameters in
the press, which have an effect on the tendency to web break.

The tension level and its variation in the paper web have an effect on the web break rate (Kaljunen,
1997 and Eriksson, 1987). It is quite reasonable to assume that a tense web breaks easily. VTT has
made a study of 5000 rolls which were measured in a press (Kaljunen, 1997). It was found that the
web break rate increased when the tension was too high or too low. Slack or tense areas in the web
led to increased the number of web breaks. That the slack areas affect the web break rate can be
understood by the increased wrinkling, fluttering or by the movements of the web while printed, cut
in the superstructure or folded.

The impact of press conditions has been studied (Democrate, 1997). In this study, the web break
rate could be decreased by improvements in splicing, air-conditioning and of reel stands. In one
study, a printer calculated the runnability index value of 2000 rolls by mathematical modelling
(IFRA, 1997). The equation gave good results on one press line but it could not be generalized. This
is quite common with multivariable models, they are very sensitive to changes in the chosen
parameters and to any alteration in the process.

Adequate studies have not been made of the other runnability factors, such as register errors,
wrinkling and the lateral movement of the web. One of the principal reasons for this is that suitable
measuring instruments have not been available. New measurements, which are suited for on-line
runnability studies in presses, are introduced in this paper. They include the web tension profile
measurement, the web width measurement and the register error measurement. We also introduce a
new way of modelling the behaviour of the paper web on the press. It has been found in many
studies as well as in practice that, to analyse the runnability of the web in a press, we need to know
the press conditions as well as the paper characteristics. This may give us a better understanding of
the interactions between the press and the paper web, and of the build-up mechanism of runnability
in the presses.

METHODS

Measuring methods

IQTension Portable

IQTension is a tension profile measuring device developed by Valmet. The measurement is
performed continuously across the entire web width making it possible to detect very rapid tension
changes. IQTension was developed for permanent installations in the paper industry. IQTension
Portable (Figure 1) is a light and variablewidth version of IQTension for troubleshooting and
research.

IQTension Portable is based on a curved aluminium measuring bar, where the measuring orifices
are crosswise to the paper web. When the measuring bar is pressed against the moving paper web,
an air layer is formed between the bar and the web because of the air brought along the web. The air
pressure which correlates with the web tension is measured with pressure sensors, assembled inside
the frame of the device. The fibreglass frame is light and stiff enough for several frames to be
joined together for variable web widths.

The sampling rate of the tension profile depends on the performance of AD converter and on the
number of the pressure sensors connected to measuring bar. VTT has used a sampling frequency of
100 Hz with an average of 10 samples, which gives a tension profile ten times per second. The
distance between the measuring orifices (of the pressure sensors) is 25 mm.
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According to our studies, the web begins to float at a speed of about 250 m/min. The wrap angle of
the web is very small, only about 10 degrees. This allows to install the device in places with very
little space, for example, between the printing units. Since the web does not touch the device, it is
possible to measure the tension profile on the printed web without disturbing the production. The
results show that the surface characteristics of different paper grades have no effect on the pressure
(Rinne, 1998).

Paper web edge position measuring system (VISI 10)

The portable, contactless paper web edge position and width measuring system developed by Vision
Systems, is based on optical measuring instruments. The system includes two VISI 10 linescan
cameras and two super-bright LED lighting units fitted on the mounting bar with flexible stands.

VISI 10 is an independent CCD camera (Figure 1). It images the target, processes the image and
forms a signal which represents the position of the web edge. The system provides position
information on both the driving and the front side. This data is used by the measuring system to
calculate the width and the lateral position of the web. Technical specifications of the system:

• Resolution : 2048 pixels
• Measured area: 100 mm
• Accuracy: 0.05 mm
• Sampling rate: 1000 lines/s

The advantages of the paper web edge position measuring system include its high measuring real-
time accuracy and the possibility to install the system near a guide roll where paper web moves
steadily (with no flutter). (Vision Systems, 1989)

Intelligent Register System (IRS)

It is essential in the printing process to constantly monitor the printed quality, because printing is a
dynamic process where certain changes may occur in the course of time. Precise colour register is
one of the principal quality factors. Errors may occur in register, for example, because of changes
in paper quality, ink and damping water feed or press adjustments.

IRS is a register measuring system developed by Q.I. Press Controls. It is specially designed for full
integration with the press control system but it can also work as a stand-alone system. The system
consists of a camera with an integrated data processing unit. The IRS makes a digital picture of the
register marks, which are printed in a predetermined pattern next to the actual printed work. From
this picture the IRS determines the position of each register mark, compared with a reference
register mark. The camera reads very small (0.2 x 0.2 mm) square target marks which require an
unprinted area of 5 x 5 mm. The information obtained from the register marks is used to calculate
the positions of the individual printed colours to one another, and to calculate the positions of the
printed colour with regard to the mechanical reference, both in the circumferential and the lateral
direction. The maximum speed of the web is 17 m/s and the maximum number of samples is 12 per
second. The colour-to-colour accuracy is ±0.01 mm.

The size of the camera, including the computer is 100 x 50 x 36 mm, Figure 1. The electronic high-
speed shutter of the camera allows to take a picture of the fast-moving web. The web is illuminated
by two halogen lamps mounted on both sides of the camera. The IRS has a telecentric lens, which
means that the maximum tolerance of the preset focal distance is ±7 mm. The camera has a fully
automatic find and track process, and no set-up and programming of the system is needed. By
moving the camera unit the register of the printed web may be measured in several places across the
web. (Q.I. Press Controls, 1998)
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Figure 1. IQTension Portable (left), VISI 10 (centre) and IRS (right) in the measuring position.

Modelling

The paper web is subjected to dynamic stresses between the open draws in the press. To understand
and to control the web behaviour, we should take a closer look at the interactions between the web
and the press.

Traditionally, the stress-strain behaviour of paper is described by different kind of string models,
usually obeying the visco-elastic behaviour, Figure 2. In the spring model herebelow the stress-
strain behaviour is affected by the elastic modulus and viscosity.

Figure 2. Kelvin-Voight viscoelastic material model

In this way we can estimate the tension development in the machine direction. The paper web has a
three-dimensional structure and we have to construct a 3-D network of springs and dashpots to
simulate the behaviour of the paper under stress. Fortunately, there is many commercial software
available to model various kind structures under dynamic conditions. This kind of modelling is
known as Finite Element Modelling (FEM). The FE method is a general numerical method for
differential and partially differential equations and integral equations. The method produces a
discrete solution and only a finite number of values can be considered (Hibbit, 1998). The FE
method is widely applied, for exaple, in structural engineering.

Applying the FE method, the paper web can be constucted from basic elements. The measured
physical values, for example, the elastic modulus and Poisson's ratio, may be used in the model.
The simulated paper may be stretched in several stages, the elements may be pretensioned, and the
simulated web can be in contact with the nips and the rollers. Figure 3 shows the network of
elements and the stresses formed in the web as a result of stretching. The physical parameters may
be defined separately for every element. The simulated web is fixed on the both edges and stretched
to the right. The different grey scales in the righthand figure represent the different tension levels
(von Mises).
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Figure 3. Simulation of the paper web by FE modelling. The paper web is constructed from
elements (the figure on the left) which conform to physical laws. The element network is fixed on
both edges and the simulated web is stretched to the right. The figure on the righ side represents the
tensions (von Mises) induced to the web. The darker areas are more tense.

RESULTS

Printing press studies

Measurements were made in two coldset-offset, in one heatset-offset and in one rotogravure press,
as well as in paper mills. The majority of the measurements related to the web tension profile but
also the web width and the register were measured. VTT has conducted out several studies on the
formation of the web tension profile in paper mills. By the web tension profile we mean the tension
measured in several positions in the cross direction (CD) of the web. The variations in the tension
across the web may cause, for example, unstability of the web, wrinkles and register errors in the
presses.

In this study, the web tension profiles were measured in paper mills and in printing presses. The
earlier discovery (Linna, 1993) that the shape of the tension profile inherites to the reel stand of the
press was confirmed, as can be seen from figure 4. Typically, the tension profile in paper machine is
convex, which causes that the edge rolls have a skewer profile than the rolls cut in the middle
positions. This may cause runnability problems in the press, such as fluttering and register
problems, especially if the guiding rolls are out of balance. It is important to note that also the press
may sometimes dominate the shape of the tension profile. This subject is also discussed later in this
paper. The shape of the paper web's tension profile in the paper machine is mainly due to straining
and drying. These process stages are necessary and the shape of the tension profile cannot be
evened out with the existing technology. However, some corrections may be made, for example, by
profiling the moisture. The formation of the tension profile is presented in more detail in an earlier
study (Parola, 1999).
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Figure 4. The web tension profile measured in a paper machine (solid line) and in a printing press
(dashed line).

Since the tension profile is normally different with customer rolls from different machine reel
positions, some printers run one machine reel position at a time. In this way large, sudden changes
in the tension profile, which may cause runnability problems can be avoided. One member of the
research team began to sort rolls by position and discovered better operating practices, which
helped to reduce the web break rate by 50 % (Parola, 2000).

The effect of printing on the tension profile was studied. Measurements were made simultaneously
on the reel stand and after the printing units. It was found that printing did not have any remarkable
effect on the shape of the tension profile, Figure 5, and that the tension profile measured in the
paper mill could still be seen after the printing units. This is quite surprising especially in the case
of coldset-offset presses, where the paper absorbs damping water. The amount of water in the paper
has a great effect on the elastic modulus and in this way it should have an effect on the tension. The
insignificant effect is presumably due to the high 4-colour content of the printed web, which may
cause an even distribution of moisture. It is also possible that the water does not penetrate through
the paper and there may be intact bearing layers inside the web.

Figure 5. The tension profiles measured simultaneously on the reel stand and after the printing units
in a coldset-offset press. The edge reel on the front edge (solid line) and the back edge (dashed line)
of a machine reel.
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The passing of an uneven tension profile through the press may cause runnability problems
especially in the superstructure and folding, for example, web displacements which at the worst
may cause a web break. The most web breaks occur in rotogravure presses after the printing units
when the web is cut into narrow ribbons. An uneven tension profile results in different tension
levels in different ribbons and this may cause problems in folding. The same applies to offset
printing where in many cases several webs are printed, cut and combined. As reported, in the
optimum case the different webs should run together in the folder with a 20 N/m difference between
the ribbons (Glöckner, 1991). This target is quite hard to reach because of the differences in the
tension profiles. Figure 6 presents the change in the tension profile during a reel change which took
place at 200 s.

Figure 6. A change in the tension profile during a reel change measured after the printing units in
an offset-coldset press. The front-edge roll is changed to a back-edge roll. The sampling frequency
was 10 Hz. The reel change took place at 200 s.

With the new portable IQTension measurement also the changes in the machine direction can be
analysed better because of the higher rate of sampling. It is known that the tension may vary also in
the machine direction because of the variations in the paper properties, the unroundness of a paper
roll, or the effects of the press components and printing.

Also the effect of the tension control was studied in a offset-coldset newspaper press. It was found
that increasing the tension level in infeed unit increased also the tension in superstructure but the
control did not affect the shape of the tension profile.

Web width and displacement measurements were carried out with VISI 10. Its measuring accuracy
was 0.05 mm. Changes in the web width and the web position cause register errors and they may
also result in web breaks. It is often reported that the web width increases in offset-coldset printing
process. This problem is known as fan-out. Variations in the web width are due to the
hydroexpansion of the paper under the influence of the damping water. Paper characteristics behind
this phenomenom include, for example, the orientation of the fibres, the type of the pulp, the degree
of beating, the density and the tension. Press variables which affect dimensional stability are, for
example, the amount of water, the tension level, the nip loads, the speed and the distance between
the printing units. In this study, our task was to find a suitable combination of measurements to
study the runnability on-line, but not to study the role of the different characteristics with regard to
the web width. Figure 7 shows simultaneous web width and tension profile measurements after the
printing units in a coldset-offset press.
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Figure 7. The web width (upper figure) and the tension profile were measured simultaneously after
the printing units in a coldset-offset press. The reel change took place at 10 s.

The web width decreases by about 3 mm during a reel change after the printing units. No changes
were made in the press adjustments. We concluded that the changes in the web width were due to
the change in the paper-press interaction. The measuring method was found to be suitable for the
runnability studies. The lateral movements of the web can be measured with the same device.
Figure 8 shows a web movement after the printing units during a reel change. Both edges of the
web were measured simultaneously. Positive and negative values represent the opposite lateral
directions.

Figure 8. The lateral movements (displacement) of the web during a reel change and the
simultaneously measured web tension profile. The positive and the negative values represent the
opposite directions. The reel change took place at 5 s. The solid line represents the right edge and
the dashed line represents the left edge of the web.
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It can be seen that there are changes in web's lateral placement during and after the reel change. It
would be valuable for the printer and the paper maker to study in detail the main components that
affect the changes in the web dimensions and its displacement. The introduced measurement
equipment enables this kind of studies.

Register errors were measured by the IRS. The effects of the different paper and press parameters
on the colour register were studied on-line. The results will be reported later. Figure 9 shows
register changes during a roll run. Adjustments were made in the tension level and in the amount of
damping water during this roll run.

Figure 9. Register measurements during a test roll run.

Modelling results

The FE method was applied to model the behaviour of paper web. On one press line it was found
that the shape of the tension profile was dominated by the press. All the different positions cut from
the machine reel had the same kind of tension profiles, as shown in in Figure 10. It was found that a
guiding roll on the reel stand was purposely used to deflect the web by turning it to a skew position
against the web. The paper web was modelled as a homogeneous material composed of basic
elements. This simulated web was deflected to the same degree as on the press. The modelling
process produced a tension profile which correlated very well with the measured tension profile on
the press, Figure 10. Consequently, the rollers in the press may have a significant or decisive effect
on the shape of the tension profile. This means that to analyse tension profile related problems we
should also take a closer look at the press components.

Most web breaks occur during a reel change. Splicing was studied by FEM modelling. In many
presses, the acceleration of rolls in the flying paste is done with the rubber belts. This means that
some areas in the web have no adhesive tape and, hence, no contact. In practice, the web may be
considered as a large paper sample with one or two big holes. When stretched, the distribution of
the tension in this sample is obviously not homogeneous. Figure 11 presents the stress fields in the
stretched homogeneous material with two holes. It can be seen that there are tense areas next to the
holes (white areas). A high tension next to a hole may trigger a web break.

Colour Register, circ.

-100

-80

-60

-40

-20

0

20

40

60

80

100

13
:1

0:
53

:2
0

13
:1

1:
43

:9
6

13
:1

2:
12

:9
6

13
:1

3:
02

:2
2

13
:1

3:
37

:5
4

13
:1

4:
05

:2
8

13
:1

4:
38

:5
6

13
:1

5:
08

:5
0

13
:1

5:
48

:7
0

13
:1

6:
18

:0
9

13
:1

6:
47

:8
0

Time

E
rr

or
(x

0,
01

m
m

)

Magenta

Cyan

Yellow



10
Tension measured in a press. Three positions
of a machine reel

Figure 10. The effect of a skew roller (offset angle = 0,1o) on calculated (bottom) and measured
tension profiles (top right) of three rolls. The web was moving from right to left (see the arrow).
The first roller (right hand side) was purposely turned into a skew position against the web. Web
tension profile was measured in spot 1.

Figure 11. A simulation of a stress fields induced to the web in flying paste. FEM modelling of a
splice with two contactless areas (two holes (white colour)). The grey levels indicate the tension.
The darker areas are more tense. The simulated web is fixed on left edge and is stretched to the
right.
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Another problem with contactless areas in the web in a flying paste is that when the paper is cut in
the machine direction before the folder, part of the webs (ribbons) can have large areas without any
bearing contact. It is easy to see that this may significantly increase the tendency to web breaks
during the reel change. There are now also reel stands with a core acceleration but they are not easy
to produce for heavy rolls. The shape of the joint may also play a role in the formation of stress
fields but it has not been studied as yet.

FEM modelling was also used to simulate the formation of the web tension profile in the paper
machine. These results will be published later.

CONCLUSIONS

The stability of the paper web as it runs at a high speed through the press is one of the most
important runnability factors. Poor web stability may cause, for example, wrinkling, web
movements, register errors and web breaks.

The studies were made in two coldset-offset presses, one heatset-offset press and one rotogravure
press. The web tension profiles were measured on an unprinted and printed web. New
measurements, such as web displacement/width and register measurements, were introduced.

Previous findings that the shape of the tension profile is passed to the press were verified. This
means that, when the web is cut in the paper mill, the typical convex shape of the tension profile
turns to the skew profiles of the edge rolls and to the relatively even profiles in the middle position.
This may cause runnability problems in the press. It was also found that the printing press as such
may have an effect on the tension profile, and that in some cases the shape of the profile may be
dominated by the press components. It was found by FEM modelling and by tension measurements
that a skew roller in the press may lead to this kind of phenomenom. The principal shape of the
tension profile remained untouched throughout the press. This result is interesting, because if the
tension profile measured on reel stand travels through the press, it might be possible to make
corrective adjustments on the reel stands. A better stability of the web might be achieved in this
way. A further study is needed to verify this transition phenomenom.

During this study, one of the printers began to use the information received from the tension profile
measurements and began to sort the rolls by position which reduced the web break rate.

The web width and movement studies showed that considerable changes occur between rolls in
normal production. The measuring setup was suited for on-line studies. The register measurements
were useful in the analysis of the hygro-expansion of the web.

The FE method was found to be very useful in the analysis of web performance. Modelling
produced a good correlation with the measured tension profiles. FEM modelling also permits
simulations in situations where the measurements are very difficult or impossible to make. The
modelling results suggest that one of the reason for a large number of web breaks during the reel
change could be that some areas on the web have no adhesive tape and, hence, no contact because
of the accelerating rubber belts.

The interactions of the printing materials and the press require further studies. These studies may
produce significant information for the paper maker and for the printer of the essential parameters,
which affect the performance of the paper web on the press. These studies should include the latest
measuring technology and modelling of the web passing the guide rolls and the nip contacts. New
measurements used in this study included on-line tension profile measurements, web width
measurements and register error measurements. These measurements can be made simultaneously
at a high frequency, which gives a powerful tool for analysing the performance of the web on the
press.



12

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the assistance provided by the members of the Technology
Development Centre's (TEKES) "Non-breaking Reels" Project and TEKES for its financial support.

REFERENCES

Democrate 1997 Democrate, G., The efficient use of newsprint from the newspaper
publishers point of view. Newspaper techniques, February 1997.

Eriksson 1987 Eriksson, L., Web breaks and web tension in newspaper printing.
International Multidisciplinary Symposium, TFL, 28.1.1987, Lidingö,
Sweden

Glöckner 1991 Glöckner, H., Infeed units and web tension control. Valmet Paper News,
Vol. 7 (1991), No. 1, pp 15 – 18.

Hibbit 1998 Hibbit, Karlsson, et.al., ABAQUS/Theory Manual. Pawtucket, R.I.,
1998.

IFRA 1997 IFRA -Special report 1.16, Runnability and printability of newsprint,
1997.

Kaljunen 1997 Kaljunen, T., Parola, M. and Linna, H., CD Profile Measurements and
Paper runnability, XIV IMEKO World Congress, CD Symposium 97,
Volume XB, 4-5 June, Tampere, Finland, pp 8-13, 1997.

Linna 1993 Linna, H., Moilanen, P. and Parola, M. Web tension and wrinkles in the
printing press. Proceedings of the Second International Conference on
Web Handling. June 6 - 9, 1993, Oklahoma State University, USA.

Niskanen 1993 Niskanen, K., Strength and fracture of paper. Tenth Fundamental
Research Symposium, Oxford 1993, Baker, C.F., (editor) Products of
Papermaking, Pira International, Volume 2, pp. 641-726.

Page 1982 Page D.H., Seth, R.S., "The problem of pressroom runnability". Tappi
Journal 65(1982):8, pp. 92 - 95.

Parola 1999 Parola, M. and Beletski, N., Tension across the paper web – a new
important property. Proceedings of the 27th EUCEPA Conference,
October 11-14, 1999, Grenoble, France.

Parola 2000 Parola, M., Sundell, H., Virtanen, J. and Lang, D., Web tension profile
and gravure press runnability. Pulp & Paper Canada, Vol. 101:2 (2000),
pp. T 35 – T 39.

Q.I. Press Controls 1998 Q.I. Press Controls, Technical Manual Intelligent Register System,
Version 2.2, 1998.

Rinne 1998 Rinne P., Tension profile is inherited, Valmet Paper News, Vol. 14
(1998), No. 3., pp. 46 - 47.



13

Roisum 1990 Roisum, D.R., "Runnability of paper". Tappi Journal 73(1990):1 pp. 97 -
101; ibid. 73(1990):2, pp. 101-106.

Vision Systems 1989 Vision Systems, User Manual VISI 10, Doc. No 301140073, 1989.


