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Abstract

The stability of a paper web as it runs in the printing 
press is an important factor in the productivity of the 
pressroom. Runnability management is becoming still 

more important as press widths and production speeds increase. 
One of the critical parameters is web tension. An uneven 
tension profile may cause slackness in the web, wrinkling, and 
web breaks leading to poor runnability.

Metso has developed an on-line measurement system called 
“IQTension” for reliable monitoring of the web-tension profile. 
The system has been adapted in numerous cases of paper 
manufacturing processes. VTT Information Technology has 
been developing a new kind of data management and modeling 
technology for improving runnability and carried out several 
research projects, thus showing the importance of the even 
tension profile.

This paper presents the measuring system and proves the 
web-tension profile as a relevant indicator of pressroom 
runnability.

Foreword
VTT, the Technical Research Centre of Finland, has about 
3,000 employees whose expertise covers nearly every field 
of engineering. VTT carries out research projects in close 
cooperation with industry. The results presented in this paper 
are from a three-year study called “The Rheological Properties 
of Paper,” conducted in cooperation with Metso Paper, three 
papermakers, and two printers.

The performance and efficiency requirements of printing 
presses have increased significantly over the last years. The 
increasing web widths of gravure presses have made it necessary 
to closely study web behavior and improvement needs in 
that area. The modeling software, measurements, and related 
services of VTT offer new possibilities for both papermakers 

and printers to optimize their respective processes. As a rule, 
when paper is running well and stable in the paper mill, it 
is also performing well at the printer. This allows the printer 
to seek the best possible print quality from the paper. As 
a consequence, the printing process becomes more stable 
and, therefore, savings can be achieved in many areas. The 
VTT measurements during the papermaking phase and later 
during printing make the correlation analyses between the two 
processes faster and the analytical work more efficient. The 
accuracy of controls can be improved and variations in the 
printed products can be minimized.

Introduction
Production without runnability problems is a goal for every 
printer, but in practice this goal is still far away. Typical 
runnability disturbances in presses are web breaks, register 
errors, web instability, and wrinkles. These problems decrease 
the efficiency of presses and cause defects in quality, which can 
lead to huge financial losses. As press speeds and web widths 
increase, the control of the paper web becomes more critical, 
and the printer as well as the papermaker must gain a deeper 
understanding of web dynamics to achieve better productivity.

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

The main objective of our study has been to improve the 
runnability of the paper web by controlling the cross-directional 
(CD) web tension profile of the paper. Work was carried out 
in paper mills and printing houses. Measurements included 
tension profile and other on-line measurements in different 
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machines. This paper focuses on runnability studies in a 
rotogravure press.

Measuring Method
Web tension in the paper industry and in printing presses is 
measured almost exclusively as the load caused by the web on 
a roller. This measurement is not without problems, though, 
as load cells are sensitive to temperature and vibration and 
tend to drift. Moreover, the CD web-tension profile cannot be 
measured in this way. The need to better control the web has, 
therefore, led to the search for new measuring concepts.

Figure 1. IQTension measuring apparatus.

Metso Inc. has developed tension-measuring equipment 
(IQTension) capable of measuring the CD tension profile 
(Figure 1). Its basic premise is to measure the pressure of the 
air film between a curved surface and the web. A beam with a 
curved surface deflects the web. When the web speed is high 
enough, an air film is formed between the surface and the web. 
This air film prevents the web from contacting the beam. At 
the edges, however, the web seals in the formed air film and, 
therefore, touches the beam surface. The magnitude of the air 
pressure correlates with the tension level of the web.

The measuring equipment consists of a measuring beam, an 
instrumentation cabinet, and the data-acquisition equipment. 
The web makes a wrap angle of 10-30 degrees over or under 

the measuring beam. The air-film pressure is measured by 
pressure sensors through several orifices in the beam surface, 
and the signals are converted to a tension profile.

To ensure proper operation, the sensor orifices are cleaned 
periodically. This is done by automatically blowing air through 
the orifices during paper breaks or machine shutdowns, which 
has proven to be effective enough in a process environment. The 
calibration of the pressure sensors is also done automatically.

Since the first installation of IQTension in 1996, 30 units have 
been installed worldwide.

Results
The shape of the tension profile in the pressroom
The paper machine studies found that the tension profile of 
the paper web has a convex shape, so that the edges of the web 
are slacker than the middle areas. This is mainly due to stresses 
applied to the web in the drying process. The convex shape of 
a tension profile leads to differences in the customer’s rolls and 
may create runnability troubles in press.

The effect of supercalendering has been studied in three paper 
mills. It was found that supercalendering may have a strong 
effect on the tension profiles, while the profiles measured in 
the paper machine can differ a lot from the profiles measured 
in the winder and in the printing press (Fig. 2). Also, different 
supercalenders, even in the same production line, left their 
marks on the tension profile, as can be seen in Figure 3.

Figure 2. The web tension profile of a machine reel 
measured in the paper machine, after supercalender in the 
winder and in the printing press (reel stand). The web width 

in the paper mill was approximately 7 meters.
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Figure 3. The web tension profiles measured in the 
rotogravure presses reel stand. The machine rolls were run 
by turns in supercalenders one and two. No adjustments 

were made in the paper machine. The rolls were printed in 
random order during the same work (100 rolls). The web 

tension profile of each roll is shown in the pictures as well as 
the average (thick line) tension of each position. The profiles 
presented in this picture were measured from rolls made in a 

different production line than those in Fig. 2.

The control possibilities of supercalenders are quite limited, 
and the tests were carried out by controlling the nip load 
profile and the steam showers. Both means of control could be 
used to even out the tension profile.

The measurements in the rotogravure press were mainly carried 
out in the reel stand. The effect of printing was studied in one 
trial run in which ten rolls were measured simultaneously in 
the reel stand and after four printing units. It was found that 
the shape measured in the reel stand could still be seen after the 
printing units, as is illustrated in Figure 4.

This is an interesting result as most of the web breaks in the 
rotogravure presses normally occur after the printing units. 
Figure 5 presents the tension profile measurements during 
splicing. Here it can be seen that the shape of the tension 
profile changes remarkably during splicing because the rolls 

are cut from different machine roll positions. It can be easily 
understood that this kind of change in the tension field of the 
web can cause runnability troubles. In this case, the web break 
occurred in the ribbons. It must be added that the press can 
also have an effect on the tension profile, and sometimes the 
effect of the press—for example, the effect of a skew roller—
can dominate the shape of the tension profile.

Figure 5. Web tension profile measured during the roll 
change. The measurement was carried out at the reel stand 

of the rotogravure press.

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.

The importance of the tension profile
to pressroom runnability
Pressroom runnability was regarded as the number of web 
breaks and the percentage of paper waste calculated by different 
methods. The tension profiles of SC and LWC papers, supplied 

Figure 4. Tension profiles measured simultaneously in the reel stand (left) and after four printing units (right).
Rotogravure press.
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by different paper mills, were measured on the rotogravure press 
using IQTension mounted on the reel stand. The roll widths 
varied between 98 cm and 245 cm and the grammages ranged 
from 49 to 90 g/m2. The web-break data and the amount of 
waste per roll were gathered from the press production control 
system. The web-tension profile, together with web-break data, 
was gathered on over 12,000 rolls during a period of two years. 
Paper waste data was gathered on about 3,000 rolls.

In the printing press, the main runnability problems were 
web breaks and register errors, which increased paper waste 
and decreased production efficiency. Most of the web breaks 
occurred after the printing units when the web was cut into 
narrow strips. The possible connections between runnability 
and the tension profiles were examined statistically. Different 
parameters were calculated from the tension profiles of each 
roll (key figures). The most important key figures were the 
maximum, minimum, and average values as well as skewness of 
the tension profiles.

In Figure 6, the rolls are divided into groups, depending on the 
key figure values. The columns show the web break rate in each 
group.

The effect of the slack area (low minimum tension) on the 
break rate can be explained by the wrinkling and the instability 
of the web, especially when the slack area of the web turns 
into a narrow slack ribbon before the folder. The high tension 
causes web breaks—presumably because of the limited strength 
of the paper—especially if there are defects in the web. The 
effect of skewness on the web-break rate may be caused by the 
instability of the web in the press. An optimum average tension 
could be found; in this case it was 300 N/m.

Figure 7 presents the effect of the different parameters on paper 
waste. The rolls with an interruption—for example, a web 
break—in the production were not included in the data, since 
a lot of paper waste is generated during the startup. The data 
includes about 3,000 rolls. It can be seen that the slack area in 

Figure 6. The effect of the tension profile on the web-break rate. The total number of rolls with a break
and the amount of rolls in each category are given in columns.
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the web or a big variation in the profile across the web leads to 
an increase in the paper waste. It is presumed that this is due to 
instability of the web.

Figure 7. The effect of the different parameters on paper 
waste.

In this study, different paper producers were compared. Table 1 
shows the performance of these producers (SC1 through SC4). 
It was found that the SC paper with greater variation in tension 
profiles had more web breaks and paper waste. The tension 
profile variation was calculated both in the surface layers of the 
roll and near the middle of the roll.

The tense and slack areas, as well as the skew web-tension 
profiles, cause runnability problems in the printing press, 
which is why the shape of the optimum tension profile is nearly 
even.

Experiences and measures in the rotogravure press
The results presented in this paper are from a rotogravure press 
where more than 20,000 rolls have been measured so far.

The printers’ experience is that they can predict a roll’s tendency 
to break and also possible register problems from the shape of 

the web-tension profile. This means that they can reject the 
rolls that have a web break and a bad tension profile. Earlier, 
when they had no tension profile data, they rejected rolls if 
one had two to three web breaks. The information on web-
tension profiles also helps printers identify the other causes for 
poor runnability. If the tension profiles are good but a lot of 
disturbances still occur, the printer can focus his/her attention 
on finding malfunctions in the press.

In the press, the tension profile cannot be controlled. Only 
the tension level can be adjusted within certain limits. In some 
cases, the changes in the tension level have a positive effect 
on register problems, but the level control does not entirely 
eliminate the problem.

The biggest effect of the tension measurements is that the 
printer has started to print one machine reel position at a 
time. The reason for this is that normally the shape of the 
tension profile is different with different positions. In this way 
large, sudden changes in the tension profile, which may cause 
runnability problems, can be avoided. 

With more awareness of tension profiles, better operating 
practices, and roll sorting, the web break frequency at roll 
changes reduced by 50 percent.

Conclusions and Future Work
It is generally understood that a web break at the printing plant 
is the result of poor paper strength, web defects, transport 
damages, press malfunctions, and human errors. According to 
this study, the tension profile also contributes to the tendency 
to break. It was found that slack and tense areas in the paper 
web caused an increase in the number of web breaks and in 
the amount of paper waste produced. Local skewness in the 
tension profile also caused these problems. Slack areas and 
skewness of the profile causes wrinkling and instability of the 
web, and further web breaks.

The tension profile is normally inherited from paper mill to the 
press. This usually means that rolls cut from different positions 
have different tension profile shapes. To avoid rapid changes 
in the tension field of the paper web during a roll change, it 

Table 1. The tension variation, expressed as the difference between the maximum and average, of SC grades
is compared to break frequency and paper waste. The sample size is 3,000 rolls.

Paper Source Tension variation  Tension variation Web Breaks Waste
 in surface(N/m) inside roll(N/m) (%) (%)
SC1 85 50 8.3 1.5
SC2 110 70 11.3 2.0
SC3 110 70 9.1 1.9
SC4 95 60 7.5 1.6
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is recommended to print different positions sequentially. One 
rotogravure printer of the research team began to sort rolls 
by position and discovered better operating practices, which 
helped reduce the web break rate by 50 percent.

A project called “The Interactions of Paper and the Printing 
Press” has started. The participants in this project are printing-
press and paper-machine manufacturers, papermakers, and 
printers. The scope of the project is to find the critical press 
variables and paper parameters contributing to improved press 
runnability. This study includes the latest measuring technology 
and physical modeling of the interactions between paper web 
and press components.    
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