








PRODUCTIVITY IMPROVEMENT THROUGH IMPROVED TECHNOLOGY





1. Introduction





Today a new paper machine line is an enormous venture. The total investment comprising the construction, engineering, machines, and operator training can easily reach 450 million USD. Therefore, the investment cost per produced ton needs to be reduced, and this requires the raise of the production capacity and efficiency. 





Up to the end of 1970’s this was done by raising the machine capacity by increasing the machine width. The trim width of large machines then remained at 8.5 m for nearly 15 years, and then crept gradually to the present 10 m (Fig. 1).





The second solution was to increase the production speed. The speed has tripled in the last 30 years, and there is no end in sight (Fig. 2).





Another way to affect the operating net profit is to minimise the operating costs. New massive and effective production units easily cut the labour costs, whereas the production line efficiency can be maximised by embedded automation and runnability components, thus reducing the costs per produced ton.








2. Paper Machine in the 1970’s








A paper machine line must be seen as a complex system from the stock preparation to the reel. All parts of the line must work properly to reach the maximum efficiency. In the 1970’s hydraulic headboxes replaced the rectifier roll headboxes, hybrid formers took the place of Fourdriniers in the wire sections, and open, unsupported presses were substituted by closed 3-nip presses. Due to these improvements a lot of potential to increase the paper machine line’s operating speed existed in the paper machine’s wet. However it was not possible to take advantage of this potentiality due to the bottle necks in the drying section. There the web was still dried by the conventional steam cylinders, and the weak web was carried from one cylinder row to another without any support by the drying fabric. We also have to keep in mind, that in the beginning of the dryer section the dry solids content of the web is still quite low, and the web strength is only 10 % of the dry paper strength.





In the dryer section, the most significant runnability improvement for decades was the development of the so called single felting system. The principal idea of this method is to lead the paper sheet from one cylinder to another so that the sheet is supported by the dryer fabric all the time. This method was successfully used for the first time in Hylte Bruk during the years 1975-76. The runnability of this method was essentially better compared to the conventional double felting, and provided the means to reach a running speed close to 1000 m/min (Fig 3).








3. Development of the Stabilator Concept





3.1. Single Felting - Uno Run Concept


 


With the running speed of 1000 m/min the runnability weakened and sheet breaks in the single felted area occured again. Difficulties arise since the web cannot successfully be kept attached to the fabric. With increasing operating speeds centrifugal forces break the web if the web is not fully supported. All fast moving surfaces drag air along with them, with the air nearest to the surface moving nearly as fast as the surface itself. These boundary layers of air produce an over-pressure in the closing nips between the cylinder and the fabric. The over-pressure in the nip tends to blow the web away from the fabric. Another equally dangerous issue is the adhesion force, which makes the moist sheet, especially along the edges, follow the smooth cylinder surface instead of the fabric (Fig. 4).





The presence of an over-pressure in the nip can be avoided by a Uno Run Blow Box . The very first Uno Run Blow Box was installed in 1981 in PM2 of Metsä-Serla Kirkniemi. The Uno Run Blow Box is an ejector, which blows air through Coanda nozzles against the running directions of the fabric and the cylinder surface, and creates an under-pressure in the whole area between the top and bottom cylinder. The Uno Run Blow Box can be placed at an adequate distance of 20 mm from the fabric and the dryer surface, as the use of air blowing nozzles also solves the sealing problem (Fig. 5 , 6, 7).








3.2. Area between Press and Dryer Section - Press Run Concept 





In the beginning of 1980’s the fact was that the paper web was practically fully unsupported for about 1.0 to 2.0 m in the area between the press and the dryer section, and, consequently, exposed to strong air flows in the area (Fig 8, 9).





The Press Run Concept was developed to eliminate an obvious paradox, as now the paper web was drawn hardest at it’s weakest - between the press and dryer sections. The draw is necessary mainly for two reasons: firstly, a certain force is required to detach the web from the center roll. Secondly, the web fluttering in the free, unsupported area is controlled by arranging a high difference in speed in the area, i.e. by pulling the web tighter.





In the Press Run Concept the dryer fabric is brought as near to the center roll as possible. By minimising the length of  the free, unsupported web transfer from the press section to the first dryer,   the fluttering of the web can be eliminated totally. Further, the Press Run Blow Boxes create an under-pressure in the fabric in the entire area between the guide roll and the first dryer. The under-pressure sucks the web onto the fabric, and the web is no more influenced by outside air flows. The high speed difference can now be reduced by the amount of draw required by flutter and web transportation, as the only draw needed is to pull the web off the press roll surface (Fig 10, 11, 12).





The first installations of the Uno Run Concept and the Press Run Concept took place in Metsä-Serla Kirkniemi PM 2 during the years 1981 and 1983. As a result of these installations, the operating speed and production of PM 2 could be raised by 16 %, and the speed difference between the press and dryer section could be reduced by 30 %, which automatically gave 40 mm more of the trim width.








3.3. Conventional Double Felting - Twin Run Concept





In the late 1980’s the conventional double felting in the dryer section was still very common. The implementation of complete single felting throughout the whole dryer section was mainly hindered by the fear of the curling problem caused by one-sided drying, and the lower evaporation capacity. However, compared to the single felting, the runnability of the double felting was much worse. For many paper machines this prevented the increase of the running speed. To remove this obstacle, Twin Run Concept was developed to improve the runnability of the double felting. The main principles of the concept were the same as in the Uno Run and Press Run Concepts: to support the web against the drying fabric, and intensify the supporting effect by under-pressure caused by Twin Run Blow Boxes. In the concept the lead rolls were relocated so that the free, unsupported transfer of the web was minimised (Fig. 13, 14, 15).





The very first Uno Run and Twin Run Concepts were installed during 1982-1987 in PM1 of Haindl Papier Augsburg. In the first phase, the machine was equipped with five Uno Run Blow Boxes in 1981. After this installation, the operating speed could immediately be raised from 950 m/min to 998 m/min. In the next year, six more Uno Run Blow Boxes were installed, and the running speed was increased further to 1022 m/min. In the same year the machine was equipped with a separate 4th press, and the speed reached 1049 m/min. During 1985-1987 the machine was provided with updated Uno Run Blow Box versions and the Twin Run Concept , after which the machine was ready to run constantly at an operating speed of 1300 m/min, and produce SC-paper of 30 g/m2 basis weight. 





UPM Jämsänkoski PM 6 is an example of a modern paper machine, where both Press Run, Uno Run and Twin Run Concepts are used  (Fig. 16).





4. Situation in the 1990’s





In the 1980’s the investments into the paper machine’s runnability concepts increased the operating speed of these machines by 10-20 % in average. As a rule, speeds even higher were not reached due to some other factors preventing this development. The runnability concepts spread quite rapidly: within the four years between 1981-85 they were installed in more than a hundred paper machines. Today the number of units totals up to 10.000, which means that almost all the fast machines around the world use the runnability concepts.





The fastest machines operate today at a speed in excess of 1600 m/min, thanks to not only the stabilator concepts, but the enormous development of all the main parts in the paper machine. In the modern paper machine, the headbox is hydraulic and of dilution controlled type besides; the wire section consists of gap formers, and the press section is totally closed, often with one or two shoe press nips. The transfer from the press section to the dryer section is also totally closed and supported. In the dryer section the bottom cylinders are replaced by grooved and drilled suction rolls, which extend the supporting effect of the stabilators under the rolls. This means that a completely supported transfer through the entire dryer section has been reached, and the ropeless tail threading system can be implemented. An excellent example of a state-of-the-art paper machine is Stora Forest, Port Hawkesbury PM 2, which today is the fastest SC paper machine in the world  (Fig. 17).








The production capacity of paper machines has tripled in the last 25 to 30 years, and the productivity of newsprint machines increased about 50 % from 1988 to 1997, when we look at the average figures of the five most efficient machines in the industry (Fig. 18). This denotes an annual growth of approximately 5 % in productivity. The improved production has resulted in the fact that newsprint machines are already becoming less expensive in terms of investment cost per ton of produced paper (Fig. 19).





�
5. Summary





The speed increase is a vital factor in boosting the productivity. In order to ensure the adequate efficiency, the increase in running speeds must be paralleled by improvements in technology and runnability. Paper machine speeds will inevitably be raised to far beyond 2000 m/min. This will call for more efficient dewatering, better profiles, more uniform paper quality and improved sheet support, as well as smooth web threading. The machine automation will be more and more responsible for the runnability and paper quality control.





The year 2000 will be here before the operating speed of 2000 m/min is reached, but there is no doubt that the paper machines run 2100 m/min by the year 2100.
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