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Abstract 

Keywords: Lab-test equipment, press nip, tissue machine, simulation, paper 

During manufacturing of tissue paper, large amounts of energy could be saved with an optimized press nip. In the 

press nip, water is pressed out of the paper and depending on both machine and paper parameters, the dewatering 

effect will vary. The dewatering process is however, a complex process which is not fully understood. With the 

facility to simulate different tissue machine concepts in a lab-testing machine, theoretical models of the 

dewatering process could be tested and evaluated. Karlstad university has started a three-year project with the 

purpose of building a lab-test equipment for simulation of pressing of paper, and one of their partners during this 

project is the company Valmet AB. This master thesis was a part of this three-year project and was carried out in 

collaboration with Valmet AB.  

The aim of the master thesis was to determine important parameters affecting the pressing process and the 

requirements to be considered during the design of the lab-test equipment. The goal was also to develop some 

concrete concept proposals. During the literature study it was found that the most important parameters of the 

equipment affecting the result were nip pressure, duration time and process temperature. Paper parameters with 

the biggest effect on the result were compressibility resistance, flow resistance, ingoing moisture and temperature 

stability. After discussion with the engineers at Valmet AB, customer requirements of the equipment were 

determined and these, in combination with the information gathered from the literature study, were used in order 

to determine the product requirements of the equipment. The most important product requirements turned out to 

be load capacity, changeable load, process time, distance between upper and lower plate and incorporation of load 

cells. Several different concept proposals were developed and four of them where evaluated further. The biggest 

challenge in designing a lab-test equipment for simulation of pressing of paper is the short duration time in 

combination with high loads, and therefore, all concepts were evaluated according to this as a first step. Plenty of 

work still needs to be done before any of the generated concepts are finished, but three of them, Three weight, 

Profile and Electromagnet are seen as potential solutions.   
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Sammanfattning 

Nyckelord: Lab-testmaskin, pressnyp, mjukpappersmaskin, simulering, papper 

Vid tillverkning av mjukpapper kan stora mängder energi sparas genom att optimera pressnypet. Detta då man i 

pressnypet kan avlägsna stora mängder vatten från pappret med hjälp av en presskraft, men beroende på både 

maskin- och pappersparameterar varierar avvattningsförmågan. Avvattningsförloppet är dock en mycket 

komplicerad process som ännu inte är helt förstådd. Med möjligheten att simulera olika maskinkoncept i en lab-

testmaskin kan teoretiska modeller av avvattningsförloppet testas och utvärderas. Karlstads universitet har nyligen 

startat ett treårigt projekt med syfte att bygga en lab-testmaskin för pressning av papper och en av deras 

samarbetspartners är företaget Valmet AB. Detta examensarbete var en del av detta treåriga projekt och utfördes i 

samarbete med Valmet AB.  

Målet med examensarbetet var att bestämma vilka parametrar som påverkar avvattningen i pressnypet och vilka  

krav som måste beaktas under designen av lab-testmaskinen. Målet var även att ta fram konkreta konceptförslag. 

Från litteraturstudien framkom det att de parametrarna hos utrustningen vilka kommer påverka resultatet mest var 

nyptryck, varaktighet och processtemperatur. De pappersparametrar vilka har störst betydelse för resultatet visade 

sig vara kompressabilitetsmotstånd, flödesmotstånd, ingående fukthalt och temperaturstabilitet. Efter diskussion 

med ingenjörer på Valmet AB kunde kundkraven bestämmas, och dessa i kombination med den sammanställda 

informationen från litteraturstudien användes för att bestämma produktkraven för utrustningen. De viktigaste 

produktkraven visade sig vara lastkapaciteten, ändringsbar kraft, processtid, avstånd mellan övre- och nedre 

plattan, samt att lastceller ska vara inkluderade. Av alla de koncept som togs fram under genereringsarbetet, 

utvärderades fyra av dem. Den största utmaningen vid design av en lab-testutrustning för simulering av pressning 

av papper är den korta pressningstiden i kombination med den höga lasten, och därför prioriterades en utvärdering 

av koncepten utifrån dessa aspekter. Mycket arbete återstår innan ett färdigt koncept står klart, men tre av de 

utvärderade koncepten, Tre vikter, Profil och Elektromagnet, har potential till att utvecklas till realiserbara 

utrustningar som möter de uppsatta kraven.  
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Nomenclature  

WRV  Water Retention  Value e voltage transients [Hm2/s] 

FSP  Fibre Saturation  Point l length of solenoid [m] 

QFD  Quality Function Deployment V volume [m3] 

Ip  impulse [Pas]   ρ density [kg/m2] 

p average  pressure [Pa] s total compression [m] 

t time [s] 

F force [N] 

b press nip width in cross direction [m] 

l press nip length [m] 

Fl line load [N/m] 

u machine speed [m/min] 

m mass [kg] 

a acceleration [m/s2] 

ẍ acceleration [m/s2] 

k spring constant [N/m] 

g acceleration due to gravity [m/s2] 

Eeq equivalent Young´s modulus [Pa] 

E Young´s modulus [Pa] 

σ stress [Pa] 

ε strain 

A area [m2] 

v velocity [m/s] 

v0 initial velocity [m/s] 

h height [m] 

h0 initial height [m] 

ηtot total efficiency  

ηv volumetric efficiency 

d diameter [m] 

Qp pump flow [l/min] 

Ps system pressure [Pa] 

Φ magnetic flux [Wb] 

B magnetic field [T] 

µo vacuum permeability [H/m] 

Agap air gap area [m2] 

H magnetic field strength [A/m] 

Fm magnetomotive force [A] 

δ air gap [m] 

lFe average flow path [m] 

J current density [A/mm2] 

I current [A] 

N number of wire turns 

lcoil length of leg on electromagnet [m] 

R resistance [Ω] 

U voltage [V] 

r resistivity of wire [Ωmm2/m] 

lwire total length of wire [m] 

Ѻ circumference [m] 

L self-inductance [H] 

µr relative permeability  
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1 Introduction 

1.1 Background 
Karlstad University has recently started a three-year project with the purpose of design and build lab-test 

equipment for simulation of pressing of paper. One of Karlstad university´s partners during this project is Valmet 

AB, a company that produces tissue paper machines. During the manufacturing of tissue paper, pressing is a vital 

part of the dewatering process. Pressing is a complex process that is not fully understood and theoretical models 

for this process are therefore requested. With the access to test equipment for simulation of pressing, these 

theoretical models could be tested and evaluated. A first step in the construction of this lab test equipment 

includes compiling of specifications of test equipment, followed by concept proposals based on these 

requirements.  

 

1.2 Purpose 
The purpose of this master thesis was to investigate important parameters and requirements to be considered 

during the design of test equipment for pressing of paper. The purpose was also to investigate parameters to be 

evaluated during simulation. Based on these parameters and requirements, some concept proposals would also be 

provided.  

 

1.3 Goal 
The goal of this master thesis was to determine important requirements of the lab-test equipment and according to 

these specifications, develop concept proposals that could meet the requirements. 

 

1.4 Delimitations 
The focus during this master thesis was to find concepts that could meet the main function and therefore, the 

following delimitations were set: 

- No practical designing of the concept proposals. 

- No details about the background theory behind the methods used in the evaluation of the concepts. 

- The cost of the concept proposals should not be considered. 

- No details about additional equipment needed.  

 

1.5 The dewatering process during paper making  
In the beginning of the manufacturing process of tissue paper, when the cellulose fibre slurry leaves the headbox, 

the solid content is only 0.1-0.5 %. This means that enormous amount of water needs to be removed before 

receiving the final product. The first step in the dewatering process includes passage through the wire section, at 

which water is removed by mechanisms depending on the construction, but generally, vacuum systems with 

suction boxes or suction rolls are used. Thereafter, the paper enters the press section where mechanical pressing 

work as the dewatering mechanism, and finally the paper reaches the dryer in which the remaining water 

evaporates. These three sections are found in conventional paper machines and in tissue machines, but there are 

some slight differences between these two machines. The tissue machine is shorter and generally equipped with a 

Yankee dryer cylinder and it has a creping process [1, 2]. A simplified drawing of a tissue machine is illustrated in 

Figure 1.  
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Figure 1: A simplified drawing of a tissue machine, illustrating the different sections. 

When the paper web reaches the pressing section the dryness is about 15-25 %. In the press section, the paper is 

pressed between one or two press rolls and a large heated Yankee cylinder with a nip pressure of a few MPa. 

Generally, when using two press rolls the first roll is a suction roll. The benefits of using a single press roll are 

higher bulk and softness and therefore, this concept has become the most commonly used design. Another option 

is to use a shoe press that gives longer nip and a lower nip pressure. The advantages with the shoe press are 

increased bulk of the paper web, and because of the steeper pressure drop after the maximum nip pressure, 

rewetting is lower [2]. The paper web enters the press section on one or two felts and as the paper and the felt are 

compressed, water from the paper will be removed by the felt and the press roll [3]. A close up of a conventional 

press nip is schematically drawn in Figure 2. 

 

Figure 2: Press nip in tissue paper machine. 

The press roll could either be equipped with thin parallel grooves or small shallow indentations, in order to 

facilitate water removal from the paper web. This design was developed due to the problem with crushing of the 

web at higher machine speeds. As the felt became saturated at higher speeds, the water could only flow backwards 

and hence the web was crushed. With grooves and holes, the water could flow into these gouges and the problem 

with the hydraulic pressure in the press felt was eliminated. The felt is very important during pressing of paper 

since it enhances the water flow in the thickness direction of the sheet, and therefore, a good quality of the felt is 

of importance [4]. 

The mechanical pressing is beneficial from an energy consumption point of view since it requires significantly 

less energy than the evaporation process [1]. Generally, the dryness level of the web entering the drying section is 

about 40-45 % [2]. For each percent increase in dryness after the pressing section, the energy consumption in the 

dryer section will be reduced with about 4 %. As the energy consumption during the drying section is about 15 

times higher than throughout the press section, 1% dryness increase will reduce the total energy consumption 

significantly [2, 5]. Therefore, an increase in the amount of dewatering during this process step is beneficial and 

desirable. Different techniques have therefore been investigated and developed in order to simulate this process 

step in a laboratory environment [1].  
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1.6 Theory behind wet pressing 
1.6.1 Plane pressing 
The wet pressing process during manufacturing of paper is very complex. During the process the fibre mat is 

compressed and at the same time water is pressed through it. The properties of the fibres and felt will affect the 

result during the wet process, but of course the characteristics of the machine will also affect the result. The roll 

type, applied pressure, hardness of the roll material and the length of the nip are the main affecting parameters of 

the machine. The compression properties, flow resistance, uniformity, ingoing moisture and filling properties are 

the most important features of the felt. The paper´s contribution to the result will depend on the compression 

properties, additives, flow resistance, ingoing moisture, temperature, basis weight and fibre distribution. It is thus, 

found that generally the compression and flow characteristics of the paper are the most important parameters. One 

way of investigating the affecting parameters during the wet pressing is by using laboratory testing machines [6].  

The study of a moving paper sheet in pressing is much more complicated compared to static analysis, and 

therefore, plane pressing between two parallel surfaces is a more common testing method, both theoretically and 

experimentally. A very simplified way in which the properties of the paper during pressing could be explained is 

by the Kelvin model, where the spring represents the network forces and the damper represents the hydraulic 

forces. The sum of these forces is balanced by the applied force. The pressure, which will develop in the sheet 

during pressing, could be divided into two different classes according to this model. The pressure could be 

developed either due to mechanical elastic forces in the fibre network, or due to friction forces in the flowing 

liquid. When a greater part of the applied force is balanced by the elastic fibre forces (the spring), the process is 

referred to as compression-limited. A flow-limited process on the other hand, develops when the friction forces in 

the liquid mainly balance the applied force. These process conditions will affect the ability of dewatering the 

compressed sheet. In a compression–limited process, the pressing force needs to be increased in order to increase 

the dewatering ability, while in a flow-limited process, the dewatering will be increased either by increased press 

force or by an increased press time. Therefore, the outgoing dryness of a compression-controlled press nip will be 

constant regardless of ingoing conditions, while the amount of water removed in a flow-controlled press nip will 

be constant regardless of ingoing dryness. During dewatering, water is pressed out from pores between fibres 

(inter-wall water) but also from pores in the fibre walls (intra-wall water). The size of these cavities will 

determine the permeability of the sheet and hence, affect the ease with which the water flows through the web. It 

is shown that the inter-wall water is almost completely removed at a pressure of 2 MPa, and consequently, the 

water needed to remove at higher pressures is predominantly intra-wall water. The Water Retention Value (WRV) 

or the Fibre Saturation Point (FSP) often determines the amount of water within the fibre walls, normally referred 

to as swelling. The WRV and FSP values are used as a measure of the efficiency of the wet pressing, where a 

higher value means lower sheet dryness [2, 4].  

An increased Young´s modulus will enhance the compression-limited conditions, due to the increased resistance 

to sheet compression. Hence, the ability of increasing the dewatering by increased pressure will be affected by the 

Young´s modulus of the sheet. In flow-limited pressing, the dewatering will depend on parameters affecting the 

friction force within the liquid [4]. The viscosity of water decreases with increased temperature and so does the 

surface tension. Therefore, the amount of water removed during pressing will be enhanced by an increased 

temperature due to lower hydraulic loads and capillary forces [1, 4, 7]. An elevated temperature will also increase 

the compressibility due to the softening of the fibres, and consequently, the rewetting and structural loads will be 

reduced [7]. Generally, thin webs with low moisture content operate during compression-controlled conditions, 

while thicker webs with high moisture content normally operate at flow-controlled conditions. During pressing 

simulations, compression-controlled or flow-controlled conditions often occur, which are two limitations during 

pressing simulation [8].  

 

1.6.2 Roll pressing 
In plane pressing, the properties of a pressed paper sheet are considered only in one dimension, but in reality the 

paper will experience variations in all directions. Due to the local unevenness of the felt, strong pressure gradients 

will develop in machine direction of the sheet and it will also cause big variations in the plane. Consequently, 

water flow in machine direction is possible in roll pressing. During the press nip, the felt will absorb the water 
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which is pressed out from the paper sheet, and in order to prevent rewetting it is important that the felt could hold 

this water after the press nip. The total press force during roll pressing is called line load and is given as load per 

meter roll width. In a conventional roll press the applied load over time will result in a sinusoidal press impulse 

[4]. The maximum machine speed in a tissue machine could reach a value of 2200 m/min [2]. The press impulse Ip 

represents the area below the pressure curve, and could be related to the line load Fl and the machine speed u in a 

simplified way according to equation 1, 

𝐼𝑝 = 𝑝𝑡 =
𝐹

𝑏𝑙
𝑡 =

𝐹𝑙

𝑢
     (1) 

where p is average pressure, t pressing time, F pressing force, b press nip width in cross direction and l press nip 

length in machine direction [4]. A model for description of the mechanisms acting in a press nip was developed 

already in 1968, and it still gives a rather good approximation of the pressing process. In this model, the pressing 

process is divided into four different zones according to Figure 3. The total sinusoidal pressure curve could be 

divided into two fluid pressure components, the web fluid curve and the felt fluid curve, and a fibre structure 

pressure component. As the paper and the felt enter the nip, they are unsaturated and contain air. In zone 1, the air 

is pressed out and due to the compression, capillary flow will occur and hence, the sheet will become water filled. 

The fibre network will support the applied load through the whole zone, which ends at the point where the paper 

becomes saturated. When the saturation point is reached, a hydraulic pressure will be built up within the sheet. 

Simultaneously, the felt will become saturated and a hydraulic pressure will develop, but the pressure level will be 

limited due to the porous structure of the roll surface beneath the felt. The combination of capillary and hydraulic 

pressure difference will cause the water to flow out of the paper in thickness direction at zone 2. At the point 

where the applied pressure reaches its maximum, this zone will end. In zone 3, the water continues to flow from 

the paper to the felt, and consequently, the hydraulic pressure within the sheet will decrease and finally become 

zero. In the final zone 4, rewetting may occur until the web and the felt are separated due to the negative hydraulic 

pressure, caused by the expansion of the paper sheet. When the total pressure reaches zero, the pressing process 

will end [4, 9].  

 

Figure 3: Model of the pressing process. 

One disadvantage with this model is that no consideration of gradients in the thickness direction of the sheet is 

made, and according to Krook et al. [1], the hydraulic pressure in the thickness direction during a press pulse is 

not constant. They found that the hydraulic pressure will be highest at the surface closest to the impermeable 

surface, and thereafter successively decrease until it reaches its lowest value at the interface between the sheet and 

the press felt. Another drawback of the model is the uncertainty regarding the total removal of air in zone 1, as air 

could be enclosed in the fibre network. Finally, the flow in the plane of the sheet has not been considered and it 

has become clear that the rewetting during zone 4 is negligible [4].  
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1.6.2 Extended press nip 
To enhance the pressing efficiency, the press impulse has to be increased. The felt in a conventional roll press has 

a maximum pressure at which the life length of the felt will decrease drastically if exceeded, thus, limiting the 

valid press force. An alternative is to use press rolls with bigger diameters, but this will significantly increase the 

cost. In order to enhance the press impulse, the press nip therefore has to be extended. The so-called shoe press 

has thereby been created, and nowadays several machine manufactures have developed shoe presses. A 

comparison between a roll press curve and a shoe press curve is illustrated in Figure 4. A line load over 1000 

kN/m could be reached in these press nips, and the pressure distribution could be varied by changing the positions 

of the press shoe. With a normal centrally placed press shoe, the pressure curve will be symmetrical, and if it is 

moved to the rear edge, a gradually increased pressure will be obtained [4]. Another advantage with the extended 

press nip is the steeper pressure drop at the end of the press nip, which reduces rewetting [2]. 

 

Figure 4: Illustration of the difference between roll press and shoe press curves. The increased dwell time and 

decreased peak pressure of the shoe press are well pronounced. 

In an extended press nip, a rotating press roll is placed in close contact to a stationary concave loading shoe, 

forming a press zone. In between the roll and the shoe, a belt is sliding. At the belt surface facing the press roll, 

the water absorbing felt and the paper web will pass during the pressing process, and on the surface facing the 

shoe, lubrication medium is applied. Due to the concave shape of the loading shoe, an extended press nip develops 

[10]. The nip length in a shoe press is about 250-330 mm, which is remarkably higher than in a conventional press 

nip of 30-70 mm. For a conventional paper machine, the peak pressure of the shoe press nip is normally in the 

range of 5-9 MPa, while in conventional press nip the peak pressure is about 5-15 MPa [11]. The extended nip 

pressure concept is illustrated in Figure 5.  

 

Figure 5: Illustration of the shoe-press technique. 
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1.7 Available testing equipment today  
1.7.1 Machine testing system (MTS) 
Commonly used equipment during wet pressing is MTS, Material Test System. Timo Saukko modified a MTS 

810 for experimental research of wet pressing. In the MTS 810 simulator, the force is generated by a hydraulic 

actuator, which receives oil from a two-stage servo valve and it could apply loads up to 100 kN. In order to 

transmit the compressing forces, and to enable symmetrical loading, the lower press head is equipped with a ball 

joint. The MTS used by Saukko was equipped with a DASYLab program. The purposes of the DASYLab 

program were twofold; controlling the simulator and the press pulse, and record the measured data.  The response 

time of the data record was 0.2 ms [12]. Figure 6 illustrates an INSTRON 850I, an equipment with the same 

working principle as the MTS 810.  

 

Figure 6: An INSTRON 850I illustrating the concept of the MTS 810. 

In order to meet the requirements of a wet press simulator, Saukko redesigned the bottom head of the MTS. In the 

original design, the bottom head was solid and highly finished and therefore, needed to be replaced by a water 

permeable surface. At the same time, the bottom head was designed to have sufficient rigidity and strength, a non-

compressible structure and allow installation of distance measurement equipment. A vacuum chamber was 

installed at the old bottom head, with the purpose of remove water from the water permeable material and to 

prevent rewetting during the pressing process. On top of the vacuum chamber, a 20 mm thick vacuum chamber 

cover was mounted, with 2 mm diameter evenly distributed holes. The uppermost layer of the new bottom head 

was equipped with a sintered stainless steel plate, blocked by a collar plate, at which distance measurement 

systems were attached. Three eddy current transmitters were used for distance measurement and they were fitted 

with plastic nuts, glued to the collar plate, to prevent damage. On the upper head, a counter plate was mounted in 

order to fit the transmitters. Except from the collar plate and its counter plate, all new parts of the lower pressing 

head were manufactured from AISI316L. The material for the collar plate and its counter plate had to be Fe52 or 

corresponding because of the eddy current measurement system [12].  

The sintered plate had an average pore size of 20 µm and a permeability coefficient of 8*10-12. With this pore size, 

fibre bending into the holes was prevented. To enhance the water removal from the paper web, the permeability of 

the sintered plate should be at least five times bigger than the permeability of the fibre network. Saukko found that 

the measured permeability of different fibre network were 10-12-10-15, and therefore, the permeability of the 

sintered plate had to be at least 5*10-12. Two problems with the sintered plates were the flatness and surface 

roughness. Different machining methods were studied, but as none met the requirements of surface flatness, an 

alternative solution was used. The thickness variation was measured and it turned out that the surface was 

inclined, but since the bottom head was attached to a ball joint, this was no problem. Finally, in order to smoothen 

the sinter surface, a load of 1000 kN was applied to the plate fifteen times. A drawback with this method was the 
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thickness reduction of 0.1 mm at the edges, and consequently, a slightly diameter increase. Saukko also had some 

problem with the vacuum system due to the delay in the vacuum, which was caused by the removal of air in the 

chamber. The vacuum pulse was requested to develop simultaneously as the press pulse, in order to simulate a 

press nip in a paper machine. During tests, the timing of the vacuum varied by 0.1 s and resulted in variations of 

the result. Ideally, a vacuum level between 20 and 50 kPa should be generated. Unfortunately, simulation of a 

press nip corresponding reality was not possible since the shortest reproducible pulse measured was 15 ms. A 

press pulse of a shoe press was simulated with success, by steering the ingoing edge of the pulse to 15 % from the 

outgoing edge. Sheet sticking at the upper pressing head was requested to prevent rewetting, and even though the 

sheet mostly did stick on the upper head, it remained on the lower head randomly. During simulation, it is 

important that the upper and lower pressing heads are parallel, and as Saukko performed some preliminary tests, 

he found that a high pressure stage was needed to ensure this state [12].  

Rousu et al. [13] used the MTS810 testing equipment modified by Saukko to investigate dewatering properties of 

wheat straw and bagasse pulps. They used two different pressure pulses during each test, 2 MPa and 6.4 MPa, 

with a dwell time of 20 ms. To enhance repeatability, the form of the pressure impulse was approximately 

sinusoidal. By choosing these extended nip pressing conditions, the dry solid contents went similar to levels 

recorded in industrial paper machines [13].  Rantanen et al. [14], Kullander et al. [8], and Blomstedt et al. [15] 

also used this modified MTS810 in their experimental research. Similar design details of the dynamic press 

simulator were also used by Hii et al. [7], when investigating the effect of microfibrillated cellulose on the 

pressability and properties of paper sheets at 50 ̊ C. The press nip was arranged by using a polished upper solid 

metal plate, and a parallel 90 mm diameter sintered porous bottom plate. Both plates were connected to pressing 

cones with internal heating elements. The low flow resistance of the porous structure of the bottom plate, allowed 

the water to penetrate during pressing. Separated by 120 ̊ relative to each other, three eddy current distance 

sensors were placed in the bottom plate. The tests were conducted with a single press pulse of 8 ms length and 

with a pressure between 1.5 MPa and 5.5 MPa. Too get a stable and repeatable roll pulse during the test, the top 

and bottom plates had to be close relative each other, and consequently, some amount of water was transferred to 

the bottom plate before the press impulse. When the pressing sequence was completed, the sheet was stuck onto 

the upper plate, which prevented rewetting. To remove the collected water from the porous plate, and to clean it, 

vacuum was generated within the plate 20 ms after the opening of the nip [7]. 

In order to measure the heat transfer and temperature gradients at different conditions, Krook et al. [1] used a 

platen press from MTS. In this equipment, the pressing head was heated and with an insulated hydraulic cylinder 

connected to a computer, the process was controlled. The heat was generated by three electrical heaters and 

controlled by two very fast-responding surface thermocouples. A load cell was used to measure the applied load, 

which was then converted to pressure by using the sample area. The peak pressure during the tests were 0.5, 1, 3, 

5 and 8 MPa, and the nip residence time was 50 ms. At the side of the bottom plate, two eddy current-type level 

indicators were installed to measure the distance between the pressing head and the bottom plate. This distance 

corresponded to the thickness of the paper and was used to measure the paper compression. As the purpose of the 

simulation was to measure the compression of the paper, the felt could not be included and a porous steel sinter 

plate was used as water collector. To prevent load carrying and additional flow resistance by the temperature 

measuring thermocouples within the sheet, their sizes were limited to the same order of magnitude as a single 

cellulose fibre. A big disadvantage of using the micro thermocouple was the difficulty of removing them from the 

sheet after the pressing, which resulted in rewetting. The data of the displacements, temperatures and the loads 

were registered by a laptop and the MTS computer [1]. 

 

1.7.2 Miami Press Simulator 
Springer et al. [6] designed and developed the Miami Press Simulator for test of wet pressing behavior. They were 

able to vary the applied maximum nip pressure from 1.5 MPa to 8.5 MPa, and the pressing time from 5 ms to 40 

ms. The manually controlled Miami Press Simulator consisted of one movable upper part and a static lower part. 

Between the bottom brass anvil and the wet paper sheet, a thin polyamide wire grid was placed, and between the 

upper top piston and the sheet, a metal filter and a stainless wire grid were placed. By using the metal filter, a 

uniform pressure distribution was received, and the wire grid was probably used as a substitute for the press felt. 

The bottom anvil and the force bar, to which the upper top piston was connected, were supported by a main “O” 
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steel frame which could withstand forces up to 50 kN. The frame also supported the cam, trigger and brake 

mechanisms. The load was measured by a hydraulic pressure transducer, installed within the bottom anvil, and a 

load cell. The transducer was placed in one end of a channel filled with incompressible oil, and at the opposite 

side, the paper sheet was placed. The upper press head consisted of the top piston and a 70-mm-diameter brass 

plate, with 0.8 mm wide and 3 mm deep grooves placed at an interval of 0.8 mm. In order to measure the 

displacement of the piston, a transducer was mounted vertically. To ensure that the plates remained parallel, the 

upper part system was fixed to the force bar through a ball joint. The amplified outputs of the three transducers 

were collected by a DASH-8 interface, with a sampling rate of 4 kHz and with an overall accuracy better than 

0.5%. The hydraulic loading system, catch system, trigger system and brake system together controlled the 

complex generation of the pressure pulse. By a hydraulic jack the force was applied and due to the incorporated 

compression, washers energy could be stored. When the hand-operated jack was triggered, a roller attached to the 

force bar rode on a cam. As a consequence of the downward movement of the force bar, a second set of washers 

were compressed and simultaneously the web was compressed. The combination of releasing the compression in 

the second set of washers, and recompression of the first washers, resulted in the rebound of the force bar. Finally, 

the brake absorbed energy and the process was stopped by a ratchet mechanism. The magnitude and the shape of 

the applied pressure pulse were controlled by the jack and the cam respectively [6]. 

 

1.7.3 Wahren-Zotterman falling-weight press nip simulator 
Wahren-Zotterman falling-weight press nip simulator, also called hammer and anvil simulator or rock dropper, 

was in 1980s used for exposure times less than about 10 ms, while the electronically controlled and hydraulic 

driven MTS was used for longer pressing times, and a simple roll press was used for duration times between a few 

milliseconds to several hundreds of milliseconds. An advantage of the MTS was that it could be used for 

simulating different shaped pressure curves, while the other two only could be used to simulate a bell-shaped 

pressure curve [16]. Burton et al. [17] used a modified Wahren-Zotterman falling-weight press nip simulator in 

order to measure density development of paper sheet, due to impulse drying. They used a peak pressure of 3.8 

MPa and a nip duration time of about 30 ms [17]. In impulse drying, due to the heated press head, water removal 

is increased due to vaporizing of some of the water. As this vapor flows through the sheet, it will enhance the 

removal of water within the sheet [17, 18]. In the system used by Burton et al. [17], the press pulse was generated 

by the striking of a falling plate on to the wet sheet, which was placed on a stationary pedestal. By varying the 

height from which the plate was released, changing the weight of the plate, or by using an elastic material at the 

bottom head, the pressure pulse was changed. When the upper plate was rebounded, it was prevented from a 

second impact by an air driven brake system. On top of the bottom aluminum head there was a porous ceramic 

plate with an average pore size of 40μm, through which the water from the sheet and felt were able to flow trough. 

Below the ceramic plate, a vented drilled plate was located, collecting the excess water. To enable measurement 

of the impact force, a force transducer was installed in the pedestal. To meet the purpose of the experiment, four 

displacement transducers were installed in combination with targets embedded at various levels in the paper sheet. 

Heating of the upper head was performed by electrical heaters, and the heat generated within the sheet was 

measured by thermocouples. For further measurements, a vapor pressure transducer and a surface thermoprobe 

were installed.  The vapor pressure transducer was used to measure the vapor pressure at the interface between the 

hot surface and the paper. The purpose of the thermoprobe was two-fold, to control the temperature and to 

measure the instantaneous surface temperature. The surface temperature data was later used to determine the heat 

flux. In order to collect all received signals from the different apparatuses, two different data systems were used 

and by the use of a magnetic sensor, which was activated by the falling carriage, the collection was initiated 

simultaneously [17]. The pressure heads designed by Burton are illustrated in Figure 7. 
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Figure 7: Press heads developed by S. W. Burton. 

To prevent rewetting due to compression of the felt, a rigid porous plate was used as a flow receiver. With this 

construction, Burton et al. [17] thought that only one compressible material, the paper sheet, was included in the 

press nip since he assumed that the drilled brass plate was non-deflecting, and thereby worked as a rigid support 

to the ceramic plate. Burns [19] found however, that this was not true since the brass plate could not withstand the 

applied load. The bottom aluminum head consisted of three machined discs placed on top of each other. To 

enhance water removal and allow mounting of detectors, the uppermost disk was machined on its upper surface. 

Since most of the top surface of this disc was removed during the machining, the only support for the drilled brass 

plate was a series of small columns. These columns were insufficient to deliver the needed support for the brass, 

and an uneven deflection of the brass plate developed due to the size and irregular spacing of the columns. Burns 

also noted the inappropriate placement of the drilled holes regarded the support columns. Some of the bigger 

holes, drilled for the mounting of detectors, were aligned with the columns and several smaller holes were located 

at the edge of the larger holes. The deflection of the bottom plate was prevented by replacing the porous ceramic 

plate, the brass plate and the supported aluminum plate with a thicker, 9.5 mm, porous plate of the same material. 

But since this plate was considerably thicker than the measuring range of the proximity detectors, the plate was 

mounted on the upper falling press head instead. At the lower head they mounted a glass-based solid ceramic plate 

and half-inch aluminum supporting plate, in which the four proximity detectors were mounted. Burns also found 

two other problems with the designed rock dropper, both related to the intimate contact between the sheet and the 

supporting plate. The first problem concerned the uncertainty of the beginning and end of the press nip, and the 

second concerned the precompression and dewatering of the sheet. The first problem was eliminated by mounting 

a fifth proximity detector on the lower press head, which simultaneously determined the position of the press head 

and the sheet surface. The modified press heads designed by Burns are illustrated in Figure 8. The upper and 

lower heads were thereafter mounted parallel onto a MTS, which measured the applied load by a servo-hydraulic 

press load cell.  By using this modified rock dropper and the servo-hydraulic press, Burns was able to measure 

density development during wet pressing at nip residence times and peak pressures of 3-4 ms and 2-3 MPa, and 

40-60 ms and about 5 MPa respectively [20]. 
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Figure 8: Press heads developed by J. R. Burns. 

In 1995, Link et al. [9] developed a modified hammer and anvil dynamic press simulator operating at a maximum 

nip pressure of 104-473 kPa at a nip residence time of 24.9-27.7 ms, according to Figure 9. The press simulator 

consisted of an anvil at which the paper sheet was placed, and a hammer and its rod, which was attached to a rack 

and an arresting mechanism. At the bottom side of the steel hammer, a heatable copper plate was mounted in 

order to perform hot pressing simulations. The plastic anvil was headed by a metal bolt and placed on a plate 

spring. By the use of the plate spring, a sinusoidal shaped nip pressure curve was developed. To prevent rebound 

of the hammer and to develop good contact between the hammer and the anvil, the mass of the hammer was 

significantly greater than the mass of the anvil. As the hammer hit the anvil they started moving downwards 

together, until the spring plate was compressed to its maximum and the peak pressure was reached. Consequently, 

they started moving upward until the spring was extended, and the hammer rebounded from the anvil and was 

caught by the arresting mechanism. With this construction, the pressing conditions were varied by changing drop 

height, the mass of hammer or anvil, the area of the striking copper plate or by changing the spring constant of the 

system. The pressure was increased by changing the weight of the hammer and the anvil, increasing the drop 

height, decreasing the area of contact or by changing the material of the underlay. By using different spring plate 

the dwell time was changed. Between the hammer and the anvil, a micro switch, connected to an impulse counter, 

was mounted in order to measure the nip residence time [9].  

 

Figure 9: Press simulator developed by K. Link [9]. 
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2 Method 
In order to develop concept proposals, a systematic construction method was utilized, which means a step-by-step 

approach was utilized. Since the method is standardized, it was modified in order to meet this specific project. 

Different terminologies could be used describing the method, but generally, the construction process is divided 

into different steps where different methods could be used in each step [21]. In order to meet the purpose of this 

thesis the process was divided into following steps: 

- Understanding and describing the problem 

- Identifying the customer requirements and product requirements 

- Concept generation 

- Evaluate concept 

When using a systematic construction method, the work will be focused on the problem to solve, the generation 

and analysis of different solutions will be supported, and the way to the chosen concept will be clarified. Some 

disadvantages of the method are the inhibition of creativity and the increased time spent on documentation [21].  

  

2.1 Understanding and describing of the problem 
Focus during this part was to get a basic knowledge about the papermaking process, get a deeper understanding of 

the press nip and also analyze existing lab-test equipment. Questions to be answered during this step were: 

- What are the different dewatering process steps during tissue manufacturing? 

- What happens in the press section? 

- Which test equipment are used for simulation of press nip today? 

- What result can be delivered by available test equipment? 

- What are the limitations of existing test equipment? 

- What are the advantages and disadvantages of the existing testing machines?  

 

2.2 Identifying the customer and product requirements 
The information gathered in the previous step was used as a starting point during this part. Together with 

engineers at Valmet AB, a discussion about requirements for the lab-testing equipment was conducted. Important 

questions to be answered during this step were: 

- Which parameters of the test machine are important? 

- Which parameters need to be measured and to which accuracy?  

- Which objects should be tested (paper quality, felts, size, thickness etc.)? 

- Which parameter ranges are interesting for Valmet AB today and in the future? 

During concept generation, the concepts were developed in order to meet as many requirements as possible. But 

sometimes the different requirements interfere, and consequently, the requirements had to be ordered in priority. 

The requirements also had to be rephrased into technical requirements and specifications. QFD (Quality Function 

Deployment) is a tool commonly used for development processes [21, 22]. As a part of this method the 

requirements are ordered in a matrix, called The house of quality. In this matrix, the rows represent the customer 

requirements, answering the question "What?", and the columns represents the product requirements, answering 

the question "How?". Weight factors for each requirement could also be included into the matrix. In this project, 

the correlation between the customer and product requirements was rated on following scale in The house of 

quality: 

- Empty = No connection 

- 1 = Weak connection 

- 3 = Moderate connection 

- 5 = Strong connection  
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By multiplying the value in each matrix element with the weight factor for that particular requirement, and 

summarize all values in each column, the technical requirement importance of that product requirement was 

develop. The technical requirement importance values were used as indicators on the most important product 

requirements, in order to meet the customer requirements. In order to specify acceptable values for each product 

requirement, a row for “How much?” was introduced at the bottom [21]. The house of quality could be modified 

in different ways but the structure used in this work is illustrated in figure 10.   

 

Figure 10: Example of The house of quality. 

During the project, The house of quality was used primarily as a tool for documentation and discussion of the 

customer and product requirements and therefore, was modified several times. An empty row indicated the 

absence of product requirement for the fulfilment of that customer requirement, and consequently, additional 

product requirements was needed. For customer requirement without strong connection, additional product 

requirement was also necessary, otherwise the requirement could be hard to fulfill. An empty column represented 

an unnecessary product requirement, which did not satisfy any customer requirement. By analyzing the matrix 

according to these statements, the priority of the product requirements was determined. In addition, an indication 

of the customer requirements hardest and easiest to achieve was developed, due to their connection to the product 

requirements [21].  

 

2.3 Concept generation 
During this step, the goal was to find as many concept proposals as possible. Since a systematic construction 

method was used, this step was focused on the functional criteria stated in the previous step, and on finding as 

many solutions as possible that fulfilled as many criteria as possible. Therefore, it was very important that the 

work in the previous step had been conducted thoroughly, to make sure that all key requirements were to be 

considered [21]. In order to increase the creativity different concept generation methods were used.  

 

2.3.1 External systematical method  
In Product design and development by Ulrich et al. [23] a five-step concept generation method is present. External 

search is one step in this method, aimed to find existing solutions to both the overall problem and the sub-

problems by searching patents, literature and benchmark related products, but also by interviewing lead users and 

experts. Since the external search method essentially is an information-gathering process, it was implemented 

continually throughout this project.  
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2.3.2 Brainstorming 
This method arose already in the early 50s when Alex F Osborn was searching for new ways of finding creative 

ideas. The aim of the method is to generate as many ideas as possible without judging the ideas during the session. 

Quantity is more important than quality when implementing this method, as the idea is that new ideas will develop 

through associations to other peoples´ proposals. Brainstorming is based on these four rules, laid down by Osborn 

[21, 24]: 

- Criticism is not allowed, whether it is positive or negative. Do not judge the ideas during the process. 

- Quantity is very important 

- Think outside the box, unusual ideas are good. Ideas that first sounds crazy could, with some 

modifications, result in great ideas. 

- Combine different ideas.  

From the beginning, brainstorming was only conducted in group since Osborn was convinced that group 

discussions were more productive than individual work. However, it has become clear that this is not always true 

[25]. Therefore, both individual and group brainstorming were used in this work. The session in group started 

with an introduction of the problem, followed by about 10 min of individual idea generation and ended with a 

final discussion of the different ideas.  

 

2.3.3 Osborn idea spore 
Osborn idea spore is another method developed by Alex F Osborn. Since one part of brainstorming is about 

discussing the different ideas generated, Osborn idea spore could be seen as a continuation of brainstorming. The 

method is based on universal questions that could be used on the developed ideas. Some examples of questions 

used are; is it possible to enlarge, replace, combine or modify [21]. These questions were used on the ideas 

generated from the brainstorming.  

 

2.3.4 Random words 
The thought behind this method is to create a list of random words taken from a book or journal, go through the 

list, and write down every association to the word. It is important not to analyze the associations too much and 

just write down the first thoughts. Finally, each association is put in a context that provides a solution to the stated 

problem [21].  

 

2.4 Evaluate concept  
During the evaluation of concepts, intuitive or emotional founded opinions should be avoided. By using a 

systematic evaluation method, these effects were reduced and the selection process was simplified. In a systematic 

evaluation method, decision matrices are very helpful. The advantages of using this approach are [21]: 

- Documentation of the decision process. 

- Integration of different perspectives. 

- Decisions based on the criteria from the specification.          

- It gives a good overview of large amount of information. 

- It gives support in complex decision situations. 

In this project, the Criterion ranking method with weighting was used as an evaluation method.  In this method, 

some of the requirements are used as criteria in the evaluation of the different concepts. Each criterion is weighted 

according to its importance and the sum of all weight coefficients are 1.00. It is though important that the 

weighting of the different criteria is performed as objectively as possible, in order to make the evaluation reliable. 

Therefore, in this project, all criteria were compared in pairs within a matrix. In the matrix, the criteria were 

placed in both the rows and the columns, as illustrated in Figure 11, and the comparison was performed by letting 

each pair share the value of 1. If one of the criteria was much more important than the other it received the whole 

value of 1 and consequently, the other received the value 0, and if they had an equal importance, the value was 
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split in to 0.5 for each. For example, the criteria A in Figure 11 is much more important than criteria C and 

therefore, A gets the value 1 in the C column and C gets 0 in the A column. After making these comparison, the 

values were summarized in rows and the criterion with the highest sum received the highest weight. By dividing 

the sum of each criterion with the total value of the sum’s the weight factor w was received [21].  

 

Figure 11: Example of the matrix used for defining weights in the Criterion ranking method with weighting. 

The final evaluation was performed by using the Criterion ranking matrix. In this matrix, the evaluation criterion 

and its weight were placed in the rows and the different concepts were placed in the columns. An “ideal concept”, 

with highest points for each criterion, was also included into the matrix. In the v column, each concept was then 

given points based on how well it met each specific criterion. The scale for the used point system was as follow: 

- 0 = The solution does not fulfill the requirement. 

- 1 = The solution meets the requirement poorly. 

- 2 = The solution meets the requirement rather well. 

- 3 = The solution meets the requirement completely. 

The points were then multiplied with the weight factor and the product was placed in the t column. All values in 

the t column were then summarized into a total merit value T, which in turn was divided by the maximum merit 

value Tmax, received by the “ideal concept”. Based on this ratio, the concepts were ranked [21]. Figure 12 

illustrates an example of the matrix used in the method. 

 

Figure 12: Illustration of the final matrix used in the evaluation process. 

The concept with the highest rank should be the best solution, but before making any decision, it is important to 

reflect over the result. Some of the important aspects to be considered are [21]: 

- How significant the difference between the calculated merit values are: Is the difference in merit value 

between the concepts ranked as number 1 and 2 big enough in order to make sure that the concept ranked 

as number 1 is the best choice? 

- The balance between the t values: Is the highest merit value a result of several high points in combination 

with some low points, or is it a result of even points? 

- If the concept ranked on a second place has even points, it may be a better alternative than a winning 

concept with uneven points.  

- Uncertainties in values: Is there any uncertainties in the weight factors, scale of the points and the points? 
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3 Results 

3.1 Advantages, disadvantages and limitations of available test equipment  
According to the information gathered in section 1.7 Available testing equipment today, a summary of advantages, 

disadvantages and limitations of today’s test equipment was made. One limitation in today´s lab-test equipment is 

the inability of measuring the effects developed due to the movement in machine direction of the paper web.  In 

the work of Saukko [12] however, he refers to a study that has proven that the difference in stress distribution 

between roll presses and platen presses do not significantly affect the in-plane water flow, and hence it is possible 

to conduct experiments where the sheet has no motion in machine direction, and still get relevant results. Another 

limitation is the duration time, which could not reach the lower limit of a press nip in a real tissue machine. A 

disadvantage of all lab-testing equipment, but also being very difficult to exclude, is the manual sheet handling 

which could cause errors. Fastening of the paper sheet is another possible source of error, since water could be 

pressed out by the fastening mechanism.  

When paper sheets are compressed, a coarser contacting surface will enhance the removal of water due to the 

variation in the applied load. But in order to obtain a high final dryness of the web, the contact surface should 

have a fine structure, as a smoother surface gives a more uniform loading and results in lower rewetting, and 

hence, the equipment has to be optimized regarding surface roughness and flatness [26]. Commonly, the rewetting 

is also effectively prevented by designing the bottom head surface to facilitate water penetration. This, in 

combination with sticking of the paper sheet on the upper head after each pressing, will reduce the risk further.  

Different machine techniques could be used during manufacturing of tissue paper, and therefore, it is important 

that the lab-test equipment could simulate different shaped pressure curves within right pressure range. All 

available test-equipment could be used in the right pressure range, but in some cases the shape of the pressure 

curve is limited. Depending on whether the purpose of the simulation is to investigate dewatering, sheet thickness 

or temperature changes, different measurement sensors should be used. Important for all these kind of sensors are 

the design and location, in order to prevent them from affecting the simulation and thereby causing errors. One 

good example is the MTS in the work of Saukko [12], where the thickness measurement sensors was located 

outside the contact area of the paper web. With this solution, the reliability of the measurement system was 

improved and the risk of uneven pressure distribution was prevented, compared to if the sensors were located at 

the contact area of the paper. The use of temperature measuring thermocouples in the same order of magnitude as 

a single cellulose fibre, is another good example where load carrying and additional flow resistance are prevented. 

Parallel plates are also important in order to prevent errors. If the plates are not parallel, the pressure distribution 

will be uneven and it will make it hard to get right kind of shape on the pressure curve, and make it hard to 

determine the exact beginning and end of the press nip. Another important aspect regarding the design of the 

heads is the permeability. If water from the paper and felt should penetrate the bottom plate, the permeability 

should be at least 5*10-12 in order to enhance the water removal.  

In some of the available lab-test equipment, the material selection should have been optimized regarding 

temperature changes, stiffness, flow resistance and interfacial effects, and to prevent sticking of paper web. It is 

very important to choose a material that will have the same properties during the different process conditions 

aimed to simulate, in order to reduce errors.  

 

3.2 Important parameters during pressing 

3.2.1 Equipment parameters 
The nip pressure and the duration time determine the press impulse, which in turn determines the dewatering 

effect, and as mentioned above, depending on whether the process is compression or flow limited the pressure and 

time have different effect. As mentioned in section 1.6.1 Plane pressing, water removal is also enhanced by 

increased web temperature due to reduced hydraulic loads and capillary forces. This, in turn, depends on the 

variations in viscosity and surface tension of the water. An elevated temperature will also increase the 
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compressibility due to the softening of the fibres and consequently, the rewetting and structural loads will be 

reduced. Therefore, the most important changeable parameters of the equipment are [2]: 

- Nip pressure 

- Duration time 

- Temperature 

 

3.2.2 Paper parameters 
Water removal from the paper sheet occurs due to compression of the web, and therefore, the properties of the wet 

web have a big impact on the process. The most important properties of the wet web are [6, 12]: 

- Compressibility resistance, which depends on the elastic and viscoelastic properties. 

- Inter-fibre water flow resistance, depends on pore size, fibre flexibility, fibre compaction properties and 

fines content. 

- Intra-fibre water flow resistance. 

- Ingoing moisture. 

- Temperature stability.  

 

3.3 Requirements of test-equipment  
The requirements of the test-equipment are presented in The house of quality, illustrated in Figure 14. To clarify 

the requirement a short description of each of the customer and product requirement is first presented. 

Customer requirements 

- Duration time: Different tissue machine concepts have different machine speed, and therefore, the 

duration time of the simulation has to be changeable. Dwell times within the time interval 1-36 ms are 

requested. 

- Pressure range: As the peak pressure differs between different machine concepts, the applied pressure of 

the lab-testing machine has to be changeable between 0.1 and 10 MPa.  

- Pressure curve modification: The shape of the pressure curve depends on the shape of the roll/shoe in a 

real tissue machine. These different shapes, and new ones, must be possible to simulate in the lab-test 

equipment, by making it possible to change the pressure during the simulation. The bell shaped and 

extended nip pressure curves are presented in Figure 13, together with a modified pressure curve. 

 

 

Figure 13: Illustration of a bell shaped, extended nip and modified pressure curve. 

- Changeable temperature: During the manufacturing of tissue paper two kinds of nip could be used; 

transfer and dewatering nip. Except the different peak pressures, the temperature is different during these 

nip and hence, the temperature of the simulation has to be changeable. 

- Force measurement: The force acting on the paper has to be measured to an accuracy of ±0.5%.  

- Sampling frequency: At least ten unique measuring points are requested within the duration time of 1 ms 

and hence, the sampling frequency has to be 10 kHz at minimum.  
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- Prevent rewetting: The accuracy of the result from the simulation will be dependent on the amount of 

rewetting. If the paper sheet is not removed from the water source immediately, rewetting will occur and 

errors will develop in the result.   

- Felt and belt included: In order to make the simulation as close as possible to a real paper machine, both 

felt and belt should be included during the simulation. Except dewatering, new patterns in the NTT-belt 

will be tested and hence, the ability of including this belt in the simulation must also be possible.  

- Repeatability: It is important that the testing equipment could repeat the same sequence unlimited times. 

- Size of paper sheet: The size of the paper sheet should be at least 0.1m in diameter.  

- Temperature measurement: Measure the temperature during the simulation is not a requirement but a 

request.  

- Properties comparable to tissue machine: To make sure that the result of the simulation will not be 

affected by the equipment, similar material properties of the press heads as in a real tissue machine should 

be chosen. Important properties to be considered are thermal behavior and mechanical properties.  

- Preparation and changeability: The preparations needed before the simulation should be minimized. 

Since different machine concepts will be simulated it is preferable if the process parameters could easily 

be changed.  

Product requirements 

- Load capacity: The equipment has to be able to apply and withstand a pressure of maximum 10 MPa.  

- Changeable load: The load during the simulation must be changeable in order to change the shape of the 

pressure curve. 

- Process time: The process time is the time that will elapse from the first contact between the upper and 

lower plate until no contact occurs.  

- Parallel plates: Parallel plates are a prerequisite for an even pressure distribution and a correct 

simulation. 

- Load cell: During the press simulation it is very important to record the press pulse with high accuracy. 

The load cell has to be optimized regarding loading range, sampling frequency and sensitivity.  

- Size of plates: The size of the paper sample should be at least 0.1m and hence, the plates needs to be 

dimensioned according to this. Space for placing the load cells must also be considered. 

- Stable construction: In order to withstand the loads and to prevent errors the equipment has to be stable.   

- Fastening mechanisms: Depending on how the plates will be oriented, fastening mechanisms for paper, 

felts and belt may be necessary. 

- Distance between upper and lower plate: This is the space available for the paper, felts and belt.  

- Material: The equipment has to be optimized regarding mechanical properties and thermal stability to 

prevent effects on the result.  

- Changeable process temperature: In tissue machines the process temperature varies depending on used 

technology, in order to include the effects from this in the result the temperature has to be changeable.  

- Easy change of load and process time: Different machine concepts will be evaluated in the lab test 

machine, each with different requests of load capacity and process time. To be able to evaluate all these 

machine concepts the readjustment should be easy to perform.  

- Data collection system: The load should be logged as a function of time with a sampling frequency of at 

least 10 kHz in order to provide at least 10 points of measurement within a 1 ms press pulse. The 

collected data should be easy to handle and analyze. 

- Temperature measurement system: The temperature during simulation should be measured. The 

equipment has to be selected regarding influence on the result.  

- Paper removal system: The paper sheet must be removed from all sources that may cause rewetting. 



25 
 

 

Figure 14: The house of quality. 

By studying The house of quality it becomes clear that the most important customer requirements are the duration 

time, pressure range, felt and belt included, and repeatability. The product requirements that will affect these 

requirements the most are load capacity, changeable load, process time, distance between upper and lower plate, 

parallel plates and stable construction. The product requirements with the highest technical requirement 

importance are load capacity, changeable load, process time, distance between upper and lower plate and load 

cell. Only three of the product requirement do not have a strong connection to a customer requirement, but none 

has only weak connection. The result from The house of quality was used in the evaluation process. 
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3.4 Concept generation 
During the concept generation many different concepts were developed. Some of the concepts were rejected early 

during the elimination process and will not be present in this report. All below mentioned concepts have the 

potential of being a solution to the problem. In this work, Three weights, Hydraulic system, Double hydraulic 

system, Electromagnets and Profile were evaluated further. Flyswatter, Wagon, Slingshot, Zipper, Eccentric wheel 

and Plates with springs were not evaluated further, but will be presented as they may be useful in further work. 

Solutions possible to incorporate into the concepts for preventing of rewetting, have also been developed and will 

be presented after the descriptions of the concepts.    

 

3.4.1 Concepts  

3.4.1.1 Three weights 
The upper press head consists of three masses, coupled together by two spring systems. The upper head would be 

dropped on to the paper and by changing drop height, masses and/or spring constants, the magnitude of the force 

could be varied. To prevent the masses from bouncing, the springs would be locked by a ratchet mechanism in 

their compressed condition. The upper head would be prevented from a second impact with the paper, by using a 

lifting mechanism of the rod, to which the upper head would be attached. To maintain the upper and lower heads 

parallel, the upper head would be attached to a ball joint.  

 

3.4.1.2 Hydraulic system 
The hydraulic system used for lab-testing equipment today is limited to a duration time of about 15 ms. In the 

articles studied there is no information about the reason for the limitation. Therefore, the purpose of this concept 

was to investigate if the limitation is due to the response time of the hydraulic components, or if hydraulic driven 

equipment is used only because the machines are commercially available.      

   

3.4.1.3 Double hydraulic system    
This concept is a development of the hydraulic testing equipment. In order to reduce the duration time, the upper 

and lower press heads could be controlled by two separate hydraulic systems. The limiting factor of all systems is 

the response to changes. The velocity needed in order to compress the paper, belt and felt within the time span is 

possible to reach, but the critical part is the changing of the piston´s moving direction. Therefore, by using a 

hydraulic system for the lower plate, it could be steered to move downward when the allowed contact time has 

been reached. 

 

3.4.1.4 Electromagnet  
In this concept, the applied force would develop due to magnetic forces. The upper and lower heads would be 

designed as a magnet with one movable part, and when a magnetic field is produced by an electric current the 

upper and lower heads would be pressed together.    

 

3.4.1.5 Profile  

This concept has, except the upper and lower head, a moving profile and a rotating cylinder. The cylinder and the 

lower head would be fixed in vertical direction. The angular speed of the cylinder would be equal to the speed of 

the horizontally moving profile, in order to reduce the frictional forces between the two parts. The upper side of 

the profile would be in contact with the cylinder during the whole process. The underside of the profile would 

slide on rolls attached to the upper side of the upper head. A "bump" on the upper side of the profile determines 

the shape of the pressure curve, since the upper head would move downward as the “bump” passes below the 

rotating cylinder. The cylinder, profile and upper head would be pressed against each other by springs, in order to 
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maintain contact between them through the whole process. By placing the upper head between fixed walls, 

rotation and movement in horizontal direction are prevented.  

 

3.4.1.6 Flyswatter 
This concept is a development of the rock dropper. Instead of only using the height and the weight of the head to 

increase the load, the upper head branch would be made of an elastic material and act as a spring. The branch 

would be fixed in one end and when it is bent upward, energy would be stored. When the upper head is released 

from that position, the stored energy would be transformed into kinetic energy, increasing the speed of the upper 

head and hence, increasing the applied load on the paper. A simple drawing of the concept is illustrated in Figure 

15 a). 

 

3.4.1.7 Wagon   
A wagon on rails or wheels is moving in horizontal direction striking a wall at which the paper is vertically 

attached. The velocity of the wagon is developed by hydraulic, pneumatic, springs etc. A simple drawing of the 

concept is illustrated in Figure 15 b). 

 

3.4.1.8 Slingshot 
The upper head is attached to a spring on its top surface, and by compressing the spring, energy would be stored. 

This stored energy is transformed into kinetic energy when the upper head is released. The impact force on the 

paper would be dependent on the compression of the spring and hence, an increased compression results in an 

increased force. A simple drawing of the concept is illustrated in Figure 15 c). 

 

Figure 15: Illustration of the concepts a) Flyswatter, b) Wagon and c) Slingshot. 

 

3.4.1.9 Zipper  
As the name suggest, this concept is based on a zipper, with two separated surfaces pressed together by a moving 

object. The upper and lower head would represent the separated surfaces, and would be pressed together by a 

hollow box sliding on the outer side of the heads in machine direction. A simple drawing of the concept is 

illustrated in Figure 16 a).                               

 

3.4.1.10 Eccentric wheel  
A rod with centralized rotation point, and with the upper press head attached at one end and the other end in 

contact with an eccentric wheel, brings force on the paper as the wheel rotates. A spring, attached to the rod and 

the ground, and placed between the rotation point and the upper head, lifts the upper head upwards as the wheel 

rotates. The shape of the pressure curve would depend on the shape of the eccentric wheel. A simple drawing of 

the concept is illustrated in Figure 16 b). 
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3.4.1.11 Plates with springs                
Four plates on top of each other, separated by three compressed spring systems, applies a load on the paper as the 

springs are released from their compressed condition. Depending on the spring constants and how the springs are 

released relative each other, different shapes of the pressure curve would develop. The upper most plate should be 

fixed in all direction while the three lower plates would move in vertical direction as the springs are released. A 

simple drawing of the concept is illustrated in Figure 16 c).                

 

Figure 16: Illustration of the concepts a) Zipper, b) Eccentric wheel and c) Plates with springs. 

 

3.4.2 Solutions in order to prevent rewetting  
Three different solutions to prevent rewetting have been developed, Thread, Glue and Film. 

 

3.4.2.1 Thread 

A rectangular web of thin threads, placed between the paper and the felt, lifts the paper from the wet felt as the 

upper head moves upwards. The short sides of the web should be attached to springs, initially locked in their 

compressed condition. The contact from the upper head would release the springs and hence, the web and paper 

would move upwards as the upper head moves upward. The size of the thread must be optimized regarding effects 

on the result.  

 

3.4.2.2 Glue 

The glue used on the Yankee cylinder in order to transfer the paper to the cylinder, could be used on the upper 

head of the test-equipment. When the upper head would be pressed against the paper, the paper sticks to the head 

and follows the head as it moves upwards. The paper could be removed from the upper head in the same way as in 

a real paper machine, by using a doctor blade. 

 

3.4.2.3 Film       
In this concept, the paper would be removed from the wet felt by a thin rectangular metal film, covered by the 

glue used on the Yankee-cylinder. The film would initially be placed in contact with the upper head, with the 

surface covered with glue facing the paper. The film should be optimized regarding effects on the results. One 

solution for getting and releasing the contact between the upper head and the film, is by attaching the short sides 

of the film to springs. When the springs are in completely compressed condition, the film should be in contact 

with the upper head and in their equilibrium position, no contact should occur, neither with the upper head nor the 

lower head. As the springs of the film are attached to the upper head, the film and the paper would move upward 

along with the upper head.  

 

3.5 Concept evaluation 
As mentioned in section 3.3 Requirements of test equipment, the most important product requirements are load 

capacity, changeable load, process time, distance between upper and lower plate, load cell, parallel plates and 

stable construction. The distance between upper and lower plate, parallel plates and stable construction are 
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requirements dependent on the design. Where to place the load cell is also related to the design, while the quality 

of the load cell will not be dependent on the machine. The biggest challenge however, is finding a concept that 

could combine a short duration time and a high force and therefore, this was the main focus during the evaluation 

work. All above mentioned concepts meets the requirement of applying load on a paper, but the question 

remained to be answered was whether the requested load and duration time would be reached or not. Therefore, as 

a first step, all the generated concepts had to be examined according to these two requirements before evaluating 

further.  

 

3.5.1 Three weights 
The thought behind this concept was to make it possible to create a modified pressure curve according to Figure 

13. A simple drawing of this concept is illustrated in Figure 17.  

 

Figure 17: Illustration of the concept Three weights with a magnified image of the construction of the upper head. 

Three weights placed on top of each other in vertical direction and connected by two springs works as a coupled 

system. The forces acting on each weight are therefore affected by the compression of the springs, which in turn 

depends on the weights and the initial velocity. In order to find the relationship between the compressed springs 

and the weights, and thereby determine the applied force on the paper, each weight was analyzed according to 

Newton’s second law, expressed in equation 2, where F represents the force, m the mass and a the acceleration 

[27].  

∑ 𝐹 = 𝑚𝑎     (2) 

In Figure 18, all forces acting on each weight are illustrated. The spring at the bottom represents the paper, belt, 

felt and rubber cover.  

 

Figure 18: Illustration of all forces acting on each weight in the concept Three weights. 



30 
 

The relationship found from the analysis of the three weights are expressed in equation 3-5, by assuming a linear 

relationship between the spring force and the displacement of the spring. In equation 3-5, ẍ represents the 

acceleration, k spring constant, x displacement, m mass and g acceleration of gravity. 

�̈�1 =
−𝑘1(𝑥1 − 𝑥2) + 𝑚1𝑔

𝑚1

     (3) 

�̈�2 =
𝑘1(𝑥1 − 𝑥2) − 𝑘2(𝑥2 − 𝑥3) + 𝑚2𝑔

𝑚2

     (4) 

�̈�3 =
𝑘2(𝑥2 − 𝑥3) − 𝑘3𝑥3 + 𝑚3𝑔

𝑚3

      (5) 

The spring constants k1 and k2, and the three weights m1, m2 and m3 represents the variables to be determined in 

order to reach the requested force and the shape of the pressure curve. The spring constant k3 represents the 

equivalent spring constant of the paper, felt, belt and roll cover for a specific machine concept. By applying 

laminate theory, the equivalent Young´s modulus Eeq of this layer was calculated according to equation 6, where 

ttot represents the total thickness, t1 and t2 thickness of each layer and E1 and E2 the Young´s modulus of each layer 

[27]. Then, by combining equation 7 and 8, the equivalent spring constant, k3, was calculated according to 

equation 9, where A is the area [27]. In equation 7, σ represents the stress, ε strain and E Young´s modulus. 

𝐸𝑒𝑞 =
𝑡𝑡𝑜𝑡

𝑡1
𝐸1

+
𝑡2
𝐸2

     (6) 

𝜎 = 𝐸휀    (7) 

𝐹 = 𝑘𝑥     (8) 

𝑘3 =
𝐸𝑒𝑞𝐴

𝑡𝑡𝑜𝑡
     (9) 

Equation 3-5 represents a system of differential equations. In order to determine the resulting force over time, this 

system had to be solved. This was done by using the computer program MATLAB and the solver ode45. Ode45 

could be used to solve non stiff differential equations and is based on an explicit Runge-Kutta formula [28]. Since 

ode45 only could solve first-order ordinary differential equations, the equation system was rewritten as a first 

order system. In order to solve the differential equations, initial values for each variable had to be defined. The 

springs were assumed to be in equilibrium position initially and hence, the values of x1 and x2 were set to zero. 

Since the paper, belt, felt and roll cover were unloaded initially, x3 was also set to zero. The values of the initial 

velocity v0 of the weights, were calculated according to equation 12, by assuming no loses when the potential 

energy Ep was converted into kinetic energy Ek as the weights moved downward in vertical direction [27]. 

Equation 12 was received by combining the equation of Ep and Ek, equation 10 and 11, where v is the velocity and 

h the height. When the differential equation system was solved, the resulting force acting on the paper was 

determined according to equation 8.  

𝐸𝑘 =
𝑚𝑣2

2
     (10) 

𝐸𝑝 = 𝑚𝑔ℎ     (11) 

𝑣0 = √2𝑔ℎ0     (12) 

When simulating a bell shaped pressure curve, the result was compared to a single weight system. This weight 

was also analyzed according to equation 2. In Figure 19, all forces acting on the weight are illustrated, and the 

relationship is summarized in equation 13. The matlab-code used for the three weights and the single weight could 

be found in Appendix 1 and 2 respectively.  
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Figure 19: Illustration of the forces acting on the single weight. 

�̈� =  
𝑚𝑔 − 𝑘3𝑥3

𝑚
     (13) 

Different spring constants of k1 and k2, different masses and initial velocities were combined in order to receive 

the requested results. Figure 19, 20 and 21 illustrates the calculations for Valmet AB´s conventional DCT concept. 

The variables are expressed in SI-units, with m in kg, k in N/m and v0 in m/s. In this machine concept, a rubber 

material covers a suction press roll and beside the paper, only a felt is present. Therefore, when calculating the 

spring constant k3 for this concept, properties of the rubber cover and the felt was used and received a value of 

about 11.7*106 N/m. The values of initial velocity, masses and spring constants needed in order to receive a bell 

shaped force curve are expressed in Figure 20 together with the force versus time curve. Figure 21 shows the 

corresponding values needed when using only one weight. The values of initial velocity, masses and spring 

constants needed in order to receive a modified curve according to Figure 13 are expressed in Figure 22 together 

with an illustration of the force curve. This shape cannot be achieved by using only one weight. Figures 

illustrating the displacement, velocity and acceleration over time for each weight could be found in Appendix 3. 

 

Figure 20: Bell shaped force curve for Valmet AB’s conventional DCT concept, using three weights and rubber 

cover included. The values of the masses, spring constants and the velocity are expressed in the figure in SI-units. 

 

Figure 21: Bell shaped force curve for Valmet AB’s conventional DCT concept, using a single weight and rubber 

cover included. The values of the mass, spring constant and velocity are expressed in the figure in SI-units. 
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Figure 22: Modified force curve for Valmet AB’s conventional DCT concept, using three weights and rubber 

cover included. The values of the masses, spring constants and the velocity are expressed in the figure in SI-units. 

Due to the low Young´s modulus and large thickness of the rubber cover, the equivalent spring constant in Valmet 

AB´s conventional DCT concept has a low value and hence, the initial velocity needs to be high in order to 

compress the material within the time period. In order to reduce the initial velocity, calculations when only the 

belt was present were performed. The result from these simulations are illustrated in Figure 23-25. Figures 

illustrating the displacement, velocity and acceleration over time for each weight could be found in Appendix 3. 

 

Figure 23: Bell shaped force curve for Valmet AB’s conventional DCT concept, using three weights and rubber 

cover not included. The values of the masses, spring constants and the velocity are expressed in SI-units in the 

figure. 

 

Figure 24: Bell shaped force curve for Valmet AB’s conventional DCT concept, using a single weight and rubber 

cover not included. The values of the mass, spring constant and velocity are expressed in the figure in SI-units. 



33 
 

 

Figure 25: Modified force curve for Valmet AB’s conventional DCT concept, using three weights and rubber 

cover not included. The values of the masses, spring constants and the velocity are expressed in the figure in SI-

units. 

The results from the calculations on Valmet AB´s concept ViscoNip are presented in Figure 26-28. In this 

concept, a polyurethane shoe press is pressed against a Yankee cylinder and both felt and belt are present. Only 

the properties of the belt and the felt were used when calculating the spring constant. The bell shaped force curve 

and its corresponding values of the initial velocity, masses and spring constants are illustrated in Figure 26. Figure 

27 shows the corresponding values needed when using only one weight. A modified force curve for this concept is 

illustrated in Figure 28 together with necessary values of the masses, spring constants and velocities. Figures 

illustrating the displacement, velocity and acceleration over time for each weight could be found in Appendix 3. 

 

Figure 26: Bell shaped force curve for Valmet AB’s ViscoNip concept, received by using three weights. The 

values of the masses, spring constants and the velocity are expressed in the figure in SI-units. 

 

Figure 27: Bell shaped force curve for Valmet AB’s ViscoNip concept, received by using a single weight. The 

values of the mass, spring constant and the velocity are expressed in the figure in SI-units. 
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Figure 28: Modified force curve for Valmet AB’s ViscoNip concept, received by using three weights. The values 

of the masses, spring constants and the velocity are expressed in the figure in SI-units. 

 

3.5.2 Hydraulics system and double hydraulics system 

As a first step in the evaluation of this concept, basic theoretical calculations were performed. Depending on the 

tissue machine concept to be simulated in the lab-testing machine, the total compression will be different and 

hence, the speed of the moving press head will be different. By assuming a maximal compression x of 3.00 mm, 

the speed u needed in order to compress and unload the paper, belt and felt within the defined time interval, was 

calculated to be 6.00 m/s, according to equation 14 [27]. 

𝑣 =
𝑥

𝑡
     (14) 

By assuming a volumetric ηv and total efficiency ηtot of 0.900 and 0.800 respectively, and choosing a cylinder 

diameter d of 0.06 m, the pump flow Qp and system pressure Ps within the system were calculated to about 1130 

l/min and 308 bar, by combining equation 15 and 16 [29] 

𝜂𝑡𝑜𝑡 =
𝐹𝑢

𝑃𝑠𝑄𝑝
     (15) 

𝑄𝑝 =
𝑢𝜋𝑑2

4𝜂𝑣
     (16) 

The calculated values for the hydraulic cylinder was found to be practically achievable, if the piston was moving 

in one direction. The problem was the changing of moving direction. How fast this change could be achieved was 

found to be dependent on the response of the system, which depends on the response time of the valve and the 

control system. Therefore, in order to meet the requirements, components with requested response time had to be 

found. A hydraulics engineer at Rejlers was contacted for support. According to him, no standard equipment 

could be used for these applications [30]. Based on his recommendations, the company Moog industrial group 

was contacted for support in finding special components. After some discussion with their account manager, it 

turned out that the hydraulics systems are limited to a duration time of 9-10 ms [31]. The best solution he could 

manage to design is found in Appendix 4.  
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3.5.3 Electromagnet 

Electromagnets could be designed in different ways. This concept was based on a u-shaped electromagnet with a 

movable upper plate. The concept and its dimensions are illustrated in Figure 29. 

 

Figure 29: Illustration of the concept Electromagnet and its dimensions. 

A first step in dimensioning the magnet was to calculate the magnetic flux Ф needed to receive the requested 

force. By assuming that the magnetic field B could reach the value of 1.20 T, the magnetic flux was calculated to 

about 0.154 Wb, by using equation 17, where µ0 is the vacuum permeability, with a value of 4π*10-7 H/m and Agap 

is the air gap area [32]. 

𝐹 =
Ф2

2𝜇0𝐴𝑔𝑎𝑝
=

Ф𝐵

2𝜇0
     (17) 

With the magnetic flux known, Agap was calculated to a value of about 0.140 m2, according to equation 18 [32]. 

Due to the u-shape of the electromagnet, the area of the top surfaces of the two legs would equal half the air gap 

area, i.e. each leg needs a cross section area of about 0.070 m2. A rectangular cross section was selected, with the 

dimensions 0.200 m x 0.350 m. 

Ф = 𝐵𝐴     (18) 

The relative permeability µr is a dimensionless constant and equals 1 for air, and with B= 1.2 T, the magnetic field 

strength of the air gap Hδ was calculated to about 9.55*105 A/m, according to equation 19 [32]. 

𝐵 = 𝜇𝑟𝜇0𝐻     (19) 

It was assumed that the core material of the electromagnet was made of alloyed steel. The magnetic field strength 

of that material HFe was determined from its magnetization curve, found in Ellära och elementär elektronik by 

Per-Erik Lindahl [32]. The curve gave the value 670 A/m at B=1.2 T. In the next step, the magnetomotive force 

Fm was determined. The minimum air gap between the two parts was set to 0.5 mm, giving a total air gap δ of 1 

mm. The total average flow path through the core material lFe is illustrated in Figure 29 and was calculated to a 

value of 3.1 m. With these known values, the magnetomotive force was calculated with the use of equation 20, to 

a value of about 3030 A. 

𝐹𝑚 = 𝐻𝐹𝑒𝑙𝐹𝑒 + 𝐻𝛿𝛿     (20) 

The magnetomotive force indicates how many ampere-turns the coil should provide. Since the dimensions of the 

legs of the magnet were chosen before the number of turns N was known, the next step was to investigate if the 

number of ampere-turns were able to fit into the space. A copper wire with a diameter d of 3 mm was chosen as 

coil material. Due to the heating of the copper wire the current-density, J, is limited to a value of 3A/mm2 and 

hence the maximum current I needed was calculated to a value of 21.2 A, according to equation 21, with area A 

according to equation 22. With the value of the current known N was calculated from the relationship in equation 
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23 and turned out to be 143 turns [32]. By assuming all turns wound in single layer around the leg of the magnet, 

the turns will cover 0.429 m of the length of the leg lcoil and hence, there is enough space, equation 24.  

𝐼 = 𝐽𝐴     (21) 

𝐴 =
𝜋𝑑2

4
     (22) 

𝐹𝑚 = 𝐼𝑁     (23) 

𝑙𝑐𝑜𝑖𝑙 = 𝑁𝑑     (24) 

Two other important properties of the electromagnet to be calculated were the resistance, R, and the voltage, U. 

The resistance was calculated according to equation 26 [32], where r = 0.017Ωmm2/m represents the resistivity of 

the copper wire and lwire the total length of the wire. The total length of the wire is equal to N multiplied the 

circumference of the leg Ѻ, equation 25, and as mentioned above, a rectangular cross section of the leg of the 

magnet was chosen, with the dimensions 0.200 m x 0.350 m. Then, with the value of the resistance known the 

voltage was calculated according to equation 27. The resistance adopted a value of 0.378 Ω and the voltage a 

value of 8.02 V.  

𝑙𝑤𝑖𝑟𝑒 = 𝑁Ѻ     (25) 

𝑅 =
𝑟𝑙𝑤𝑖𝑟𝑒

𝐴
     (26) 

𝑈 = 𝑅𝐼     (27) 

The last property to determine was the self-inductance L of the coil. µ represents the permeability of the material 

and is related to the relative permeability and the vacuum permeability as indicated in equation 28. By combining 

this equation with equation 19, the permeability could be expressed in terms of the known values of the magnetic 

field and magnetic field strength, and hence the self-inductance was calculated according to equation 29 [32]. The 

value of the self-inductance was calculated to 5.976 H. The coil was approximated as a long straight solenoid 

during the calculation of its self-inductance. The definition of a long solenoid is d/l ˂ 0.025, and for a short the 

relationship should be ˃ 5, where d represents the diameter and l the length [33]. It is important to keep the self-

inductance at a low value, otherwise, when the power is lost, high voltage transients will develop, causing sparks. 

The relationship between the self-inductance and the voltage transients e is expressed in equation 30. 

𝜇 = 𝜇𝑟𝜇0     (28) 

𝐿 =
−𝜇𝐴𝑁2

𝑙𝑐𝑜𝑖𝑙
     (29) 

𝑒 = −𝐿
𝑑𝐼

𝑑𝑡
     (30) 

The force between the two parts is highly dependent of the distance between them. The biggest distance, 0.5*δ2, 

between the two parts was set to 0.01m. At this distance HFe will reach a relatively low value and therefore, it was 

assumed that the total Fm was only applied on the air-gap and hence, the second term in equation 20 was 

approximated to 0 A. With these assumptions, Hδ was calculated to 152000 A/m. B then received the value 0.191 

T, according to equation 19. At this value of B, HFe equals about 25 A/m, and hence HFelFe equals 77.5 A, which 

corresponds to 2.56% of the total Fm. The total force at this position was then calculated according to equation 31 

[32] and received the value of 2020 N, 2.58 % of the force at the smallest distance. 

𝐹 =
𝐵𝐻𝛿𝐴𝑔𝑎𝑝

2
     (31) 

For the pressing simulation to take place within the defined time interval, the movable part must accelerate fast 

enough. The magnitude of the acceleration will depend on the mass of the moving part. With the use of the 

computer program CES Edupack, the iron based electromagnetic material Metglas2605SA1 was found, details of 

the material could be found in Appendix 4. The density ρ =7.19*103 kg/m3 of that material was used in order to 
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calculate the mass m of the movable part. According to Figure 28, the volume V of the movable part was 0.0385 

m3. The total mass of the movable part was calculated to a value of 277 kg, according to equation 32. In this 

calculation, the core was assumed solid; in reality the core should have a laminate structure in order to reduce the 

eddy current loses [32].  

𝑚 = 𝑉𝜌     (32) 

At the maximum separated distance between the two parts, the acceleration of the movable part of 277 kg would 

equal 7.30 m/s2, and at the minimum distance the acceleration would equal about 2830 m/s2, according to 

Newton´s second law, equation 2. Depending on what machine concept to be simulated different accelerations are 

required due to the different equivalent Young´s modulus. For comparison, if simulating the ViscoNip concept 

with k3=73.5*106 N/m, calculated in section 3.5.1 Three weights, the total compression s equaled about 1 mm, 

according to equation 8. The average acceleration needed in order to compress the paper, belt and felt within 0.5 

ms was therefore calculated to 8000 m/s2, according to equation 33, where t represents the time. 

𝑠 =
𝑎𝑡2

2
     (33) 

Except the magnet, a converter/regulator, PLC-system and current supplier are needed in order to control the 

process. The duration time of the simulation would therefore also be dependent on the response time of these 

components. The load cell would also be connected to the PLC-system, but would not affect the response time of 

the process since its only purpose is to record data. The PLC-system is the control system and would be steered by 

a predefined control curve, with values of force versus current. Today, there is PLC-systems commercially 

available with execution time in the µs domain, and therefore, the PLC-system itself would not affect the duration 

process. The PLC-system and the current supplier would send input signals to the transformer/regulator, which in 

turn sends an output signal to the coil of the electromagnet. The execution time of the converter/regulator must 

therefore also be fast enough, in order to not affect the duration time of the simulation [34]. On the basis of the 

information received after discussion with Project Manager Andreas Johansson at Svenska elektromagneter, it 

seems possible to steer relatively big currents within 1 ms. Andreas recommends to use a coil that is constantly 

exposed to a current and then steer this current, instead of starting with an unloaded coil [35].   

 

3.5.4 Profile 
In Figure 30, the design of the concept is illustrated.  

 

Figure 30: Illustration of the concept Profile. 

As mentioned above, the cylinder would be fixed in the vertical direction and rotate around its central axis. 

Therefore, as the profile moves in horizontal direction and the “bump” reaches the cylinder, the profile and upper 

head would be pressed down against the felt, rubber cover and bottom plate. The height of the bump would 

determine the force acting on the paper. The duration time of the pressing sequence would be dependent on the 

velocity of the profile and the length of the bump. With an increased velocity, the length of the bump would 

increase and the slope of the bump would decrease, while a decreased velocity would have to be combined with a 
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decreased length and hence, the slope would increase. An increased slope of the bump would increase the 

horizontal force acting on the cylinder and the profile, which would result in higher stresses in the components. 

When a modified pressure curve is requested, the cylinder has to be dimensioned in order to be able to follow the 

different changes of the bump. A smaller diameter would be necessary in these cases, but then the angular 

velocity would have to be increased. With these dependencies between the velocity of the profile, length of the 

bump and size of the cylinder, they had to be optimized relative each other.  

In order to evaluate how the changes in velocity of the profile, length and slope of the bump, and diameter and 

angular velocity of the cylinder would affect the results, a simplified model of the concept was created in the 

computer program Abaqus. The model was based on Valmet AB´s machine concept conventional DCT. An 

explicit dynamic simulation in 2D was performed. Figure 31 illustrates the model and its different parts.  

 

Figure 31: The simplified model of the concept Profile used in Abaqus and its different parts. 

As a first approximation all parts were assumed to have linear elastic materials. The material AISI 5130, low 

alloyed steel, with properties received from the computer program CES Edupack, was used for both the cylinder 

and the profile. The material properties used in Abaqus for these parts were Young´s modulus E=217 GPa, 

Poissons ratio ν=0.295 and density ρ=7.90*103 kg/m3. The yield strength of this material is about 1670 MPa. 

Since the upper head should be considered as the Yankee cylinder the same material properties as the real cylinder 

were used. The felt and the rubber cover were given material properties which could be seen as representative for 

real products. The bottom plate corresponds to the suction press roll in the real tissue machine and this roll is 

manufactured in cast iron and hence, the material properties used were E=210 GPa, ν=0.300 and ρ=7.50*103 

kg/m3. As illustrated in Figure 30, the springs that are going to keep the profile and cylinder in contact, were 

placed on the bottom of the upper head in the simulation. The Young´s modulus and the cross section area of the 

springs were changed during the simulations in order to find a suitable value. All parts, except the springs, were 

modelled as 2D planar, deformable shell and were assigned as solid homogeneous parts with plane stress/strain 

thickness of 100 mm. The springs were modelled as 2D deformable wires and were assigned as truss sections. 

Interaction properties used between all surfaces in contact were frictionless tangential behavior and “Hard” 

contact normal behavior, and the interaction used was surface-to-surface contact with penalty contact method as 

mechanical constraint formulation. Tie constraints between the bottom plate and the rubber cover, the rubber 

cover and the felt, and between the upper plate and the springs were also used. The under-side of the bottom plate 

and the lower end of the springs were fixed in all directions. No movement in the x-direction or rotation around 

the z-axis were allowed for the rubber cover, felt and upper plate by applying these boundary conditions in one 

point of the parts. The whole profile was restricted from rotation around the z-axis, and a predefined field was 

applied in order to define a velocity of the part, but when the height of the bump was increased a concentrated 

force on the edge of the profile had to be used in order to make the part move. The cylinder was fixed in both x- 

and y-direction and prevented from rotation in two parallel points on the outer edge of the surface. During the 
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simulation CPE4R, 4-node bilinear plain strain quadrilateral elements with reduced integration and hourglass 

control, were used for all parts except the springs. T2DT, 2-node linear displacement truss elements were used for 

the springs. In the contact regions of the cylinder and the profile a finer mesh was used with an approximate 

global size of 0.5 mm.  

The purpose of the simulation in Abaqus was two-fold; determine the stresses acting on the cylinder and the 

profile as the profile moves, and investigate how the shape of the pressure curve would look like with different 

shapes of the bump on the profile. Unfortunately, the simulation did not succeed since the profile did not remain 

in contact with the cylinder during the whole simulation. When modelling a stepwise shape of the bump, in order 

to get the modified pressure curve illustrated in Figure 13, the profile and the cylinder lost their contact when 

reaching the plateau and hence, the pressure curve got the shape from this behavior, Figure 33-35 illustrates this 

behavior. The profile used in this simulation is illustrated in Figure 32. 

 

Figure 32: Profile with a stepwise bump. 

 

Figure 33: Illustration of the result from the simulation of the concept Profile, when the velocity was applied to 

the profile.  The figure shows the sequence when the profile and the cylinder was still in contact. 

 

Figure 34: Illustration of the result from the simulation of the concept Profile, when the velocity was applied to 

the profile.  The figure shows the sequence when the contact between the profile and the cylinder was lost. 
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Figure 35: Force versus time curve from the simulation of the concept Profile when the velocity was applied on 

the profile. 

The young´s modulus and the cross section area of the springs were changed in order to reduce the bouncing, but 

the bouncing was not completely reduced. Another solution was also investigated, where the profile was fixed in 

x-direction and connected to the upper head by a tie constraint, and a velocity in x-direction was applied on the 

cylinder instead. Unfortunately, this did not eliminate the bouncing either, Figure 36-38 illustrates the result from 

this simulation.    

 

Figure 36: The figure illustrates the results from the simulation of the concept Profile in the case where the 

velocity was applied to the cylinder. This figure illustrates the sequence when the cylinder and profile was still in 

contact. 

 

Figure 37: The figure illustrates the problem with absence of contact between the profile and the cylinder when 

the velocity was applied to the cylinder in the simulation of the concept profile. 
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Figure 38: The force versus time curve from the simulation of the concept Profile, when the velocity was applied 

to the cylinder. 

 

3.5.5 Load cell  
The load applied to the paper over time should be measured by one or several load cells. In the concept with 

electromagnets, the load cells were first meant to be used for steering of the process, but it turned out to be 

impossible within the time interval. This is due to limitations of the steel inside the load cell. When a load is 

applied on a load cell, the steel inside will be bent, and it is the bending that is measured and converted into a 

corresponding load. Due to an inherent damping effect of the steel, the response time of the load cell is therefore 

limited to 1 ms [36]. It is however possible to receive data from the simulation within the specified duration time, 

since there are load cells with sampling frequencies above 1000 Hz. It is however not the load cells that restrict 

the sampling frequency, it is the amplifier. The company Load Indicator System AB was contacted for support in 

finding a system meeting the requirements. One possible solution is to combine the load cell Lorenz K-450 and a 

measuring system consisting of base unit instruNet i555, 6 channel card i423 and wiring box i512. The sampling 

frequency of this system is 10 kHz and the accuracy is ±0.3% of nominal value and the maximal load measurable 

is 100kN [37-39]. In order to prevent the load cells from affecting the result of the simulation, three load cells 

could be installed beneath the bottom head. 

 

3.5.6 Heating system  
All concepts have solid upper heads made by metal to which electrical heaters could be easily installed, in order to 

change the temperature. Unlike the load cell and temperature measuring system, the heating system would not be 

limited to the duration time of the press sequence. The desired temperature interval, 40-90oC, could not be 

considered as extreme temperatures and hence, equipment managing these temperatures should be easy to find. 

The heating system to be used should be selected regarding the final concept and therefore, no suggestion of 

available equipment is present in this work.  

 

3.5.7 Temperature measuring system  
To prevent load carrying and additional flow resistance within the paper sheet during simulation, temperature-

measuring thermocouple with size of the same order of magnitude as single cellulose fibre is necessary. The 

diameter of a fibre depends on the plant material from which it has been produced, but the size could be as small 

as about 10 µm [40-42]. The company Omega has a thermocouple with diameter of 13 µm. The response time is 

not defined for this specific size, but with a size of 25µm the response time in still water is 2 ms and in still air 50 

ms and the response time decreases with a decreased size [43]. B. Liščćet. al. used a quench probe manufactured 

by Nanmac Corporation with a special designed thermocouple with a response time of about 10 µs and wire 

thickness of about 38 µm [44] and R. Krook also used micro thermocouples with a response time of 10 µs from 

Nanmac [1]. Therefore, it should be possible to find equipment with the requested size and response time.  
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3.6 Comparison of the different concepts 
The technical requirements used in the matrix for comparison of the different concepts were load capacity (A), 

changeable load (B), process time (C), distance between upper and lower plate (D), parallel plates (E) and stable 

construction (F). The pairwise comparison of the requirements is illustrated in the matrix in Figure 39. The 

comparison resulted in a weight factor of 0.3 for the load capacity and the process time, 0.07 for the changeable 

load, 0.03 for the distance between the upper and lower plate, 0.1 for parallel plates and 0.2 for stable 

construction.  

 

Figure 39: The matrix used when determining the weights of the requirements used for comparison of the 

different concepts. 

The different concepts were compared against each other according to information and results developed so far in 

the process, and due to lack of relevant result for the concept Profile, it was not used in the comparison. In Figure 

40 the final evaluation matrix is illustrated. 

 

Figure 40: The Criterion ranking matrix. 

According to the Criterion ranking method matrix in Figure 40, the best solution this far in the evaluation process, 

should be the Three weight concept. The difference in merit value between the winning concept Three weights 

and the second best concept Electromagnet is 0.1, about 11% of the total merit value of the Three weight. This 

difference is not big, but it is bigger than the difference between the merit values of the second and third best 

solutions, Electromagnet and Hydraulic system. This difference is 0.03, which corresponds to about 3.8% of the 

total merit value of the Electromagnet. It would have been desirable with a more significant difference between 

the concepts ranked as number 1 and 2 to make sure that the concept ranked as number 1 is the best choice. The 

winning concept has however no low points, which means that it has no requirement that does not fulfill or meets 

only poorly.  
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4 Discussion  

4.1 Method 
During this work, a systematic construction method with a step-by-step approach was used. This method was used 

in order to get a well-documented procedure that is easy to follow, and which clarifies the backgrounds of the 

decisions made. Two other advantages of the method are that the focus is kept on solving the main problem 

during the whole process, and that the methods used are well proven. One of the tool used was The house of 

quality. The house of quality was used because of the good illustration of the correlation between the customer 

requirements and product requirements. It also ensures that all customer requirements are related to a product 

requirement and hence, will be considered during the process. It is though important to remember that the values 

in The house of quality are not exact values since they are based on opinions.   

Different concept generation methods were used in order to increase the creativity during the generation process. 

The external systematic method differs from the other methods used since it is applied simultaneously as the other 

work proceeds. It is rather a way to take advantage of the ideas that arise spontaneously during the information 

gathering process, than a systematic method based on detailed descriptions to follow. Brainstorming on the other 

hand, is a method well proven with detailed instructions on how to perform the session in order to increase the 

creativity. Experience in leading these kinds of sessions are important for each participant to reach their full 

creative potential. Unfortunately, this was not the case during this work, and therefore, more creative ideas may 

have developed if an experience person had lead the session. Of course there will always be other possible ways 

and solutions to solve a problem, but you will never know if they are a better solution before they have been 

discovered.  

During the evaluation of the different concepts, intuitive and emotional founded opinions should be avoided. It is 

though hard to eliminate these effects completely. In this work, the different concepts were compared against each 

other according to the specified requirements, and the weights used in the Criterion ranking matrix was developed 

by pairwise comparison of each requirement. These steps contribute to the elimination of these effects, but since 

the pairwise comparison and the grading in the criterion ranking matrix are based on personal opinions, the effect 

was not completely eliminated. The subsequent discussion was therefore an important step, and a good support in 

defining the arguments the decisions were based on. This thesis has been focused on defining requirements, sum 

earlier work and develop some concept suggestions, and no detailed final concept has been developed, therefore, 

the method choose for comparison should only be seen as a comparison, and a step in the evaluation work, not as 

a final decision. After further evaluation of the concepts, when the final decision should be made, several methods 

for comparison should be used in order to eliminate the effects from human opinions.  

 

4.2 Concepts  
Not all of the mentioned concepts were evaluated due to limited time. According to the results published in the 

related literature where a MTS system were used, steering of the simulation with a hydraulic system gives 

satisfied results, even though the duration time is too long. Therefore, the concept Hydraulic system was picked in 

order to investigate if the duration time could be reduced by using other hydraulic components. The other 

concepts were chosen because of the different mechanisms causing the press sequence, i.e electronics, gravity and 

mechanics. The concepts mentioned but not evaluated, still seems to be possible solutions and were therefore 

mentioned in the report in case of further work. 

 

4.2.1 Prevent rewetting 
During this work the focus has been on solving the main task of the test equipment, i.e. applying load on the paper 

within the defined time interval. Therefore, the solutions in order to prevent rewetting have not been evaluated 

further. An advantage of the concept Glue is that a well proven product that already is used in a real paper 

machine could be used. But the question is how to combine this with a heated upper head? If the paper is stuck 

onto the upper head, the transferred heat will result in an increased dryness of the paper. Of course, it is possible 
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to calculate the rate of heat transfer, but the difficulty will be to measure the exact elapsed time and hence, this 

will cause errors in the result. Therefore, it may be better to combine this concept with another solution of 

changing the process temperature. Another problem with this concept, is how to use the glue when the NTT-belt 

is included. The NTT-belt will be placed between the paper and the upper head and hence, the glue has to be 

applied to the belt instead of the surface of the upper head. If glue is put on the NTT-belt, how will this affect the 

result? Will the paper be pressed into the patterns of the belt or not? If it is pressed into the pattern, will the part of 

the paper that is stuck on to the glue causing the paper that is pressed into the hollowness to be teared apart? 

These questions have to be answered in order to determine the ability of implementing the concept. By 

implementing the concept Film, the upper head could be heated, but there will still be some problem when 

simulating the NTT concept. As the film will be placed between the paper and the NTT-belt, the film will be 

pressed into the pattern of the NTT-belt, together with the paper and hence, the pattern on the paper will not be 

equal to the pattern in a real paper machine. Placing the film between the paper and the felt will hinder the water 

from being transferred from the paper into the felt. A film with high permeability will then be needed, which 

means that this concept will turn out to be equal to the Thread concept. Initially, the film and the upper head will 

have an equal temperature due to the intimate contact. After the pressing, the contact is lost and the temperature of 

the film should be equal to the paper. Therefore, the thickness and the thermal conductivity of the film must be 

optimized, in order to prevent errors of the results. For the same reason, the surface structure of the film should be 

equal to the surface of a roll in a paper machine. The concept Thread has to be evaluated regarding size of the 

threads in the web. The threads have to be small enough in order to not cause an uneven pressure distribution or 

causing rewetting of the paper, but they also have to be easy to remove from the paper. The spring constants of the 

springs, to which the web should be attached, must be optimized regarding rate of elongation, in order to prevent 

rewetting and destroying of the paper as it will be lifted upwards. Practical experiments may be necessary during 

evaluation of these aspects.  

 

4.2.2 Three weights 
During the evaluation of the Three weight-concept, it became clear that the spring constants of the springs are 

dependent on the value of the equivalent spring constant of the felt, belt, etc. This means that, for each machine 

concepts to be simulated, a unique set of springs and masses will be needed. In order to solve this, each weight 

could consist of plates with different masses, and by making the plates replaceable the total mass of the weight 

could be changed. The same technique could be used for the springs if using solid parts. According to equation 9, 

an increased thickness gives a decreased spring constant and hence, plates with different thickness could be used. 

The Matlab-code and the calculations of the equivalent spring constant are though, based on the assumption of a 

linear relationship between the deflection of the springs and the force. For this to be true in reality, the springs 

could only be slightly compressed and therefore, the equation used to determine the spring constants may have to 

be changed. Before the spring constants and the masses of the weights could be determined, the equivalent spring 

constant must be carefully determined. Except the assumption of a linear relationship between the deflection and 

the force, the equivalent spring constant was calculated with the assumption of a Young´s modulus independent of 

the load and time. The felt, belt and rubber cover are manufactured by different polymer materials and therefore, 

the viscoelastic behavior should be considered during the calculations. During this work approximate values have 

been used and therefore, as a next step, the exact values of each component should be determine in order to get 

correct results. A lot of effort is needed in order to determine all these values before the simulation could be done, 

and it has to be done with a high accuracy. This pre-work is a big drawback of the concept. This concept is also 

limited in the ability of changing the shape of the curve, due to the behavior of the springs. The shape of the 

curves depends on how the springs are compressed relative each other, and therefore, it may be impossible to get 

any kind of shape wanted. 

During the calculations of the ViscoNip, the equivalent Young´s modulus was calculated without regards to the 

ViscoNip shoe. In a tissue machine, the ViscoNip is pressurized by hydraulic oil and brought into a constant 

contact with a roll and has no motion, it is only the felt that slides over the surface of the shoe. Due to the constant 

pressure that will develop between the shoe and the roll, it was assumed that the shoe did not contribute to the 
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equivalent spring constant. As a next step, values of the ViscoNip should be determined and included into the 

calculations in order to get a result with higher accuracy.  

Two different spring constants were used during the evaluation of the DCT concept, one with the rubber cover 

included and the other with the rubber cover excluded. This was done due to the high initial velocity needed when 

the rubber cover was included, 21.3 m/s for a bell shaped curve and 32.5 m/s for the modified curve, which 

corresponds to an initial height of 23.1 m and 53.8 m respectively. Without an external source it will be 

impossible to reach an initial velocity of these values. Without the rubber cover, the initial velocity needed was 

2.93 m/s for the bell shaped curve and 4.12 m/s for the modified curve, which corresponds to an initial drop height 

of about 0.438 m and 0.869 m, which is realizable. From these calculations it becomes clear that the Three weight 

concept only could be used when the equivalent spring constant is high enough. The belt, felt and other parts are 

made of polymer materials with moderate values of the Young´s modulus, therefore, the thickness of the layers 

could not be too high, due to the decreasing equivalent spring constant. This means that, if the Three weight 

concept should be used, some compromises may have to be made regarding included layers from the tissue 

machine. Alternatively, an external source for increasing the initial velocity has to be used, but then some locking 

mechanisms of the springs has to be incorporated, in order to keep the springs in equilibrium position as the first 

weight strikes the paper.  

 

4.2.3 Hydraulics system 
Hydraulics systems have been used with success in earlier scientific experiments due to their reliability and 

simple steering. It was therefore obvious to investigate whether it was impossible to decrease the duration time or 

not. With a hydraulics system, it is possible to reach the velocity needed, but due to the limitations of the valves, 

the defined time interval could not be reached. With valves that could go from 0 to 100% in less than 1 ms, it 

seems to be possible to use hydraulics for these applications, since the flow needed is possible to reach. But due to 

the viscous behaviour of the oil, the accelerations needed may not be reached. Development of the valves is 

however, needed in order to use hydraulics components, unless it is possible to evaluate a concept where the 

hydraulics pistons only moves in one direction.   

If using an equipment based on two separated hydraulics system, the time needed for unloading could be 

decreased. It could however not be decreased to such extent that the requested duration time could be reached. 

With a double hydraulic system, one of the system could be used in order to move the upper head. The other 

system could be used to support the force from the upper head, but also in order to move the bottom head. When 

changing from supporting the force, to movement of the bottom head, the oil will flow into the piston at the 

opposite end. This change of flow will be regulated with a valve and therefore, this motion will also be limited by 

the valve. But, with the two heads moving away from each other the unloading will go faster. If using two 

separate systems, the valves do not have to be developed to the same extent as when using a single system.  

 

4.2.4 Electromagnet 
The calculations made on the concept Electromagnet should only be seen as a first approximation. Due to limited 

knowledge within this area, only basic calculations were made, and someone with a deeper understanding and 

knowledge about electronics should evaluate this concept further. If it turns out that electromagnets could not be 

used for this applications, maybe some other equipment based on electronics could be used instead. The purpose 

of the calculations was however, to examine the dimensions that would be required in order to reach the 

maximum force. The purpose was also to investigate whether the needed values of the current, resistance, voltage 

and self-inductance were practically possible to achieve. Therefore, several different calculations were made in 

order to reach realistic values. A current of about 21.2 A is a rather high value, but it is though practically possible 

to use currents of these magnitudes. Due to the rather low value of the resistance, the voltage did only reach a 

value of 8.02 V. The advantage of a voltage of this magnitude is that no extra security will be needed. The self-

inductance of the concept presented is though rather high, and a lower value is requested since a high self-
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inductance could be dangerous for the coil, due to the sparks that could develop. All these parameters are 

dependent on each other, and therefore all parameters have to be optimized relative each other.  

Due to the simple steering of electromagnets, this concept should be evaluated further. Currently, the size of the 

magnet is the limiting factor due to its high weight. A smaller cross section area of the movable part will lower the 

weight, but due to the high requested force, the magnetic flux has to be high and as the magnetic field has a 

saturation limit, the cross section area has a lower limit. Therefore, as a first step in the subsequent work, the 

design of the concept has to be modified. Another drawback with the generated concept is the small distance 

between the upper and lower head. If the upper head will be heated, errors will develop due to the heat transfer, 

caused by the small distance between the heads. A bigger distance is requested, but the force acting between the 

two parts is highly dependent on the separation. The concept should therefore also be redesigned regarding this 

aspect. 

During the evaluation work some assumptions have been made. During the calculations of the dimensions, 

current, resistance and self-inductance of the magnet, the values used in the equations were taken from the book 

Ellära och elementär elektronik Industriell elteknik by Per-Erik Lindahl. Then, when calculating the weight of the 

movable part, the density value was taken from an electromagnetic material found in the computer program CES 

Edupack. Probably these materials are not equal, but since both materials are ferrous and the saturation limit of 

the material from CES Edupack was higher than the magnetic field used in the calculations, this assumption could 

be seen as acceptable when calculating the mass of the movable part. Another error during the calculation of the 

mass of the movable part was the assumption of a solid body. In reality, a laminated structure should be used due 

to decreased eddy current losses. This will lower the mass, but not significantly much. Finally, when calculating 

the self-inductance, the coil was assumed to be a long coil. As mentioned above, by definition, the ratio between 

the diameter and the length should be less than 0.025 for a long coil and 5 for a short coil. The ratio of a solenoid 

with a circular cross section area, equal to the area in this work, is 0.3, which means that the electromagnet does 

not meet the requirement of neither a short or a long coil. Therefore, an approximation had to be made and since 

the length had to be 12 times longer in order to be classified as long, and it is 17 times to long to be classified as 

short, it was closer to meet the requirement of a long coil and hence, the calculations were based on this case.  

 

4.2.5 Profile 

During the evaluation of the concept Profile, the materials defined in Abaqus for the felt and rubber cover were 

assumed to be linear elastic. This assumption was used as a first approximation during the reconstruction of the 

model. In reality, this is not the case since the felt and rubber cover are manufactured by different polymeric 

materials. Of course, material behavior similar to real products should be used in order to get correct results in 

subsequent work. During the evaluation of the concept, the material properties were meant to be changed. This 

was however not done, since the model did not work satisfactorily, and the change of material behavior would not 

have contributed to solve the problem.  

The problem with the model was the loss of contact between the cylinder and the profile. The Young´s modulus 

and the cross section area of the “springs” were therefore changed, in order to get a higher spring constant, but 

without success. With higher Young´s modulus, the springs buckled and hence, their elasticity was lost. With 

lower Young´s modulus, the springs could not give any support and consequently, the contact between the profile 

and the cylinder was lost immediately as the bump reached the cylinder. Therefore, in subsequent work, another 

way of modelling springs has to be used. Of course, the behavior of the model could reflect reality, but since the 

profile and cylinder remained in contact until the first plateau of the bump was reached, this indicated that it is 

though the spring constant that is too low in order to respond quick enough to press the cylinder and the profile 

into contact. With higher spring constant, the force needed to pull the profile between the cylinder and the upper 

head will increase and hence, a higher force will be needed to maintain a constant velocity. How to achieve the 

velocity of the profile also has to be investigated in subsequent work.  

One of the purposes of the simulation was to determine the stresses acting on the cylinder and the profile. These 

parts have to withstand the stresses developed due to both the downward force acting on the paper, but also the 

horizontal force developed due to the motion of the profile. A critical moment will be when the cylinder reaches 
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the end of the bump. Due to the small contact area and the height of the bump, the developed pressure will be big, 

and therefore, this is an extra important aspect to be considered in the subsequent work. Another parameter 

important to investigate is the wear between the profile and the cylinder. A lot of effort to reduce this effect is 

needed. With a rotating cylinder, the friction forces will be reduced and contribute to a reduced wear, but the 

material selection also has to be optimized regarding this factor, and maybe some lubricant could be used.  

As with the Three weight concept, each specific machine concept to be evaluated needs its unique profile when a 

modified pressure curve is requested. This is due to the difference in compression needed to reach the requested 

force. Bigger compression will be achieved with an increased height of the bump. The big amount of pre-work 

required is a drawback of this concept. For a bell shaped or extended nip pressure curve, the same profile could 

however be used if the distance between the upper and lower head could be changed and a profile with the shape 

of a triangle is used. In this case, the utilized height could be changed in order to meet the specifications.  

As mentioned, when a modified pressure curve is requested, the shape of the bump would affect the allowable 

size of the cylinder. If the radius of the cylinder is too big, the whole surface of the bump would not be in contact 

with the cylinder. Consequently, the cylinder would not follow the variations of the bump as the profile moves 

and hence, the pressure curve would not receive the shape of the bump. A smaller diameter would therefore be 

needed in these cases. A smaller diameter would however, result in a lower stiffness if the length is kept constant. 

This problem could be solved by placing a cylinder with bigger diameter on top of the smaller one. The cylinder 

with bigger diameter would then support and prevent the smaller cylinder from bending. With a smaller diameter, 

the angular velocity of the cylinder must however be increased, and this could be a limiting factor. 

 

4.2.6 Additional equipment 
One of the most important parameters to investigate was whether load cells could manage to sample data within 

the defined time interval or not. If it had turned out to be the load cells that were the limiting factor, the 

development of lab-testing equipment capable of performing the simulation within the requested time interval 

would not have been necessary before load cells with higher sampling frequencies were available. Luckily, there 

are load cells available with sampling frequencies above 1000 Hz. The load cell mentioned in the report meets the 

requirements of load capacity, sampling frequency and accuracy and could therefore be seen as a possible option. 

Load cell to be used in this application has however not been investigated in detail, nor have the thermocouples or 

the heating system, since this has not been set as high priority in this work.  

 

4.3 Final comparison  
The difference between the concepts ranked as number 1 and 2 are about 11%, which is not a big difference. This 

small difference, in combination with the potential of the two concepts Electromagnets and Profile, and the lack 

of detailed investigation of the different concepts, are the arguments to continue the evaluation of the concepts 

before making any final decision.  

 

  



48 
 

5 Further work 
All evaluated concepts, except the concept Hydraulic system, have to be investigated further. The first step in the 

subsequent evaluation work of the Three weight concept will be to determine accurate material properties of all 

different parts and determine the real relationship between the deflection of the springs and the force. Then, based 

on this, rewrite the Matlab-code used, in order to determine the spring constants and masses needed for each 

concept. How to quickly lift the whole upper head after the pressing would then be the subsequent step. The focus 

during the subsequent evaluation work of the concept Electromagnets will be to redesign the concept, in order to 

decrease the mass of the movable head. If it turns out to be impossible to use electromagnets, perhaps some other 

electrical equipment could be used instead. Finally, the Abaqus model used for evaluation of the Profile has to be 

modified. The springs needs to be redesigned in order to imitate their function in reality in a better way. If none of 

these evaluated concepts will work satisfying, any of the mentioned concepts Flyswatter, Wagon, Slingshot, 

Zipper, Eccentric wheel and Plates with springs could be evaluated instead. All of the concepts developed in order 

to prevent rewetting, also need to be evaluated in detail.  

 

6 Conclusion 
Plenty of work still need to be done before a final concept of a lab-testing machine for pressing of paper is 

finished. This work has been focused on finding requirements of the lab-testing equipment, investigating 

advantages and disadvantages of available test equipment, and determine what parameters to be evaluated during 

the simulations. Based on the results from this work, a final conclusion could be drawn. The concept based on 

hydraulic equipment could not meet the requested duration time, and is therefore not seen as an alternative for the 

requested equipment. The concept based on electromagnets does not meet the duration time due to the high mass 

of the movable upper head. Electromagnets could, however, still be an option due to the simple steering. By 

changing the design of the magnets, lower mass could be reached and hence, the requested duration time may be 

reached. With the compromise of not including the rubber cover into the calculations, the three weight-concept 

meets all requirements and is therefore the best alternative in the current situation. However, the big drawbacks 

with this concept are the difficulty of changing the shape of the curve and the difficulty of changing between 

different machine concepts. The masses and spring constants needed for each unique concept to be simulated must 

be carefully determined before the simulation. Also, some compromises regarding parts to be included into the 

simulation may have to be done. Based on these summaries, the conclusion of this master thesis is that, even 

though it is practically possible to simulate a press nip within the defined time interval and pressure range, all 

developed concepts have to be investigated further in order to reach an optimum solution. 
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Appendix 1: Matlab-code for calculations of the concept Three weights. 

minf.m 

 

function dudt=minf(t,u) %file with the funtion to solve in the  main program 

m1=10; 

m2=10; 

m3=2; 

k1=10^8; 

k2=10^8; 

k3=84.82300165*10^6; 

g=9.81; 

dudt=[u(4); u(5); u(6); (-k1*(u(1)-u(2))+m1*g)/m1; (k1*(u(1)-u(2))-k2*(u(2)-

u(3))+m2*g)/m2; (k2*(u(2)-u(3))-k3*u(3)+m3*g)/m3]; 

 

 

 

solvermasspring.m 

 

clear all 

T=0.001; %End time, matlab will choose the time interval. 

k3=84.82300165*10^6; %11,7*10^6 

u0=[0; 0; 0; 2.5; 2.5; 2.5;];%u0=(2gh0)^1/2 

 

[t,u]=ode45(@minf,[0,T],u0); %ode45 solves the differential equations in minf.m 

 

figure(1)     %The results for x and v vs t are plot in figure 1. 

subplot(2,3,1) 

plot(t,u(:,3)) %The values of xz will be placed in column 6 of the u matrix.  

               %: tells that I will get every row in column 6. 

xlabel('t [s]'), ylabel('x3 [m]')  

subplot(2,3,4) 

plot(t,u(:,6)) 

xlabel('t [s]'),ylabel('v3 [m/s]') 

  

subplot(2,3,2) 

plot(t,u(:,2)) 

xlabel('t [s]'),ylabel('x2 [m]') 

subplot(2,3,5) 

plot(t,u(:,5)) 

xlabel('t [s]'),ylabel('v2 [m/s]') 

  

subplot(2,3,3) 

plot(t,u(:,1)) 

xlabel('t [s]'),ylabel('x1 [m]') 

subplot(2,3,6) 

plot(t,u(:,4)) 

xlabel('t [s]'),ylabel('v1 [m/s]') 

  

figure(2)   %The results for a vs t are plot in figure 2. 

subplot(1,3,1) 

deltau3=u(3:end,6)-u(1:end-2,6); 

deltat3=t(3:end)-t(1:end-2); 

slope3=deltau3./deltat3; 

plot(t(2:end-1),slope3) 

xlabel('t [s]'),ylabel('a3 [m/s2]') 

  

subplot(1,3,2) 

deltau2=u(3:end,5)-u(1:end-2,5); 
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deltat2=t(3:end)-t(1:end-2); 

slope2=deltau2./deltat2; 

plot(t(2:end-1),slope2) 

xlabel('t [s]'),ylabel('a2 [m/s2]') 

  

subplot(1,3,3) 

deltau1=u(3:end,4)-u(1:end-2,4); 

deltat1=t(3:end)-t(1:end-2); 

slope1=deltau1./deltat1; 

plot(t(2:end-1),slope1) 

xlabel('t [s]'),ylabel('a1 [m/s2]') 

  

figure(3) %The results for the reaction force vs t are plot in figure 3. 

plot(t,k3*u(:,3)) 

xlabel('t [s]'),ylabel('Reaction force [N]') 
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Appendix 2: Matlab-code for calculation of the single weights used in the evaluation of the concept Three 

weights. 

fone.m 

function dudt=fone(t,u) 

m=8.5; 

g=9.81; 

k=84.82300165*10^6; 

dudt=[u(2);(-k*u(1)+m*g)/m]; 

 

 

 

solverone.m 

 

clear all 

T=0.001; 

k=84.82300165*10^6; 

u0=[0;2.95]; 

  

[t,u]=ode45(@fone,[0,T],u0); 

  

subplot(1,3,1) 

plot(t,u(:,1))  

xlabel('t [s]'), ylabel('x3 [m]')    

  

subplot(1,3,2) 

plot(t,u(:,2)) 

xlabel('t [s]'),ylabel('v3 [m/s]') 

  

subplot(1,3,3) 

plot(t,k*u(:,1)) 

xlabel('t [s]'),ylabel('Reaction force [N]') 
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Appendix 3: Figures illustrating maximal force, displacement, velocity and acceleration over time for each 

weight in the concept Three weights. 

Figures for Valmet AB’s conventional DCT concept with rubber cover included. 

 

Figure 41: Zoom in the force versus time curve at the maximum value in the bell shaped curve of the three 

weights for Valmet AB’s conventional DCT concept with rubber cover included. 

 

Figure 42: Displacement and velocity curves for the three weights with a bell shaped reaction force curve for 

Valmet AB’s conventional DCT concept with rubber cover included. 

 

Figure 43: Acceleration curves for the three weights with a bell shaped reaction force curve for Valmet AB’s 

conventional DCT concept with rubber cover included. 
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Figure 44: Zoom in the force versus time curve at the maximum value of the single weight for Valmet AB’s 

conventional DCT concept with rubber cover included. 

 

Figure 45: Displacement and velocity curves for the single weight for Valmet AB’s conventional DCT concept 

with rubber cover included. 

 

Figure 46: Zoom at the maximal force in the modified force curve for the three weights for Valmet AB’s 

conventional DCT concept with rubber cover included. 
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Figure 47: Displacement and velocity curves of the three weights for the modified force curve for Valmet AB’s 

conventional DCT concept with rubber cover included. 

 

Figure 48: Acceleration curves for the three weights for the modified force curve for Valmet AB’s conventional 

DCT concept with rubber cover included. 

 

Figures for Valmet AB’s conventional DCT concept with rubber cover not included. 

 

Figure 49: Zoom in the force versus time curve at the maximum value in the bell shaped curve of the three 

weights for Valmet AB’s conventional DCT concept with rubber cover not included. 
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Figure 50: Displacement and velocity curves of each weight in the bell shaped curve of the three weights for 

Valmet AB’s conventional DCT concept with rubber cover not included. 

 

Figure 51: Acceleration curves of each weight in the bell shaped curve of the three weights for Valmet AB’s 

conventional DCT concept with rubber cover not included. 

 

Figure 52: Zoom in the force versus time curve at the maximum value of the single weight for Valmet AB’s 

conventional DCT concept with rubber cover not included. 
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Figure 53: Displacement and velocity curves of the single weight for Valmet AB’s conventional DCT concept 

with rubber cover not included. 

 

Figure 54: Zoom in the force versus time curve at the maximum value in the modified curve of the three weights 

for Valmet AB’s conventional DCT concept with rubber cover not included. 

 

Figure 55: Displacement and velocity curves of each weight from the modified curve case of the three weights for 

Valmet AB’s conventional DCT concept with rubber cover not included. 
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Figure 56: Acceleration curves of each weight for the modified curve case of the three weights for Valmet AB’s 

conventional DCT concept with rubber cover not included. 

 

Figures for Valmet AB’s ViscoNip concept. 

 

Figure 57: Zoom in the force versus time curve at the maximum value in the bell shaped curve of the three 

weights, for Valmet AB’s ViscoNip concept. 

 

Figure 58: Displacement and velocity curves of each weight in the bell shaped curve of the three weights, for 

Valmet AB’s ViscoNip concept. 
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Figure 59: Acceleration curves of each weight in the bell shaped curve of the three weights, for Valmet AB’s 

ViscoNip concept. 

 

Figure 60: Zoom in the force versus time curve at the maximum value, in the bell shaped curve of the single 

weight, for Valmet AB’s ViscoNip concept. 

 

Figure 61: Displacement and velocity curves of the single weight, for Valmet AB’s ViscoNip concept.  
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Figure 62: Zoom at the maximal force in the modified force curve for the three weights for Valmet AB’s 

ViscoNip concept.

 

Figure 63: Displacement and velocity curves of each weight from the modified curve case of the three weights, for 

Valmet AB’s ViscoNip concept. 

 

 

Figure 64: Acceleration curves of each weight for the modified curve case of the three weights, for Valmet AB’s 

ViscoNip concept. 
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Appendix 4: Properties of alternative hydraulic system dimensioned by account manager at Moog. 
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Appendix 5: Properties of the material Metglas 2605SA1 (iron based). 

  


