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Abstract 
Due to environmental concerns and competition within the industry there
is an imminent need by paper manufacturers to asses the paper
consumption depending on the quality of the tissue paper. For this
purpose, the consumption of tissue paper from a tissue vending machine
needs to be monitored and calculated. A Hall Effect Sensor coupled with
a Passive Infrared Sensor was used to monitor the flow of paper per
Person. MATLAB is used as the programming language to read the
signals from the sensors. The consumption obtained would be used to
obtain better, less bulky design models. As well deduce an optimum
paper dimensions to get reduce the paper consumption. Also, the FEM
was done in ABAQUS for better blade design of Hand wiping system. 
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1 Notation 

A Area  [ 2)(mm ] 

A Half the crack length [ mm ] 

C Stiffness matrix [ MPa ] 

E Young’s modulus [ MPa ] 

F Force  [ N ] 

G Shear modulus [ MPa ] 

I Moment of inertia [ 4)(mm ] 

L Length  [ mm ] 

P Force  [N] 

R Radius  [mm] 

t Thickness  [ mm ] 

v Voltage  [  V  ] 

w Width  [ mm ] 

X X-Direction  [  -  ] 

Y Y-Direction  [  -  ]  

Z Z-Direction  [ -   ] 

γ  Shear strain  [  -  ] 

ε  Strain  [  -  ] 

v  Poisson’s ratio [  -  ] 

σ  Stress   [ MPa ] 

τ  Shear stress  [ MPa ] 
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Abbreviations 
EMF  Electro magnetic force 

FE  Finite Element 

FEM  Finite Element Method 

IR  Infrared ray 

PC  Personal Computer 

PIR  Passive Infrared Sensor 

 

Brand names 

H  Hand wiping system 

MAX  Brand name for IC  

TORK  Brand name for Hand wiping system 

SCA  Svenska Cellulosa Aktiebolaget  
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2 Introduction and Aim 

Tissue is a thin, flat material produced by the compression of fibers. The 
fibers used are usually natural and composed of cellulose. The most 
common source of these fibers is wood pulp from pulpwood trees, (largely 
softwoods) such as spruce. Tissue paper is a type of thin, translucent paper 
used for wrapping and cushioning items. 

The real cost of the paper used is the environmental costs. Loss of habitat 
and species endangerment, reduced climate regulation and erosion control 
capacities, and weakened air and water cleaning potential all result in large 
scale logging. Worldwide the paper is the fifth largest consumer of energy, 
accounting for four percent of the worlds energy use, and the processes use 
more water to produce a ton of product than any other industry. Overall 
producing one ton of paper uses 98 tons of various resources. Paper 
including paperboard is the single largest component of municipal solid 
waste, constituting 38 percent of all material [ 2 ]. 

For a society to continue develop in the way it was before, we need to pay 
more attention to our environment. Sustainable development involves 
maintaining our current rate of development whilst leaving suitable 
resources behind for future to continue to develop. 

The primary object of this thesis undertaking is to measure the consumption 
of tissue paper used by installing effective monitoring systems, for which a 
measurement tool has been designed. Thus the paper consumed for an 
individual can be found and the measurement tool can be used on different 
qualities of tissue paper and their consumption can be found. The resulted 
information can be used for designing an optimum sized and quality of 
paper. 

Secondly, the stress induced at the cutting edge of the paper roll is 
calculated by FE modelling using ABAQUS. The FE modelling is done for 
different number of blade cutters. By this the optimum size of the roll and 
better blade design could be done. 
The Schematic of thesis work is shown in figure 2.1. 
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Figure 2.1 Schematic of Thesis work. 

 

2.1 Limitations 

• For the first part of Thesis work Sensors, IC’S, communication 
ports like RS232, and MATLAB software and a PC was used for 
getting the results. 

• Only a Consumption measurement tool design presented. 

• To get the results easily some assumptions were taken into 
consideration. 

 

2.1.1 Assumptions 

• As it is known from the H1 system that when a paper is dragged one 
cycle of rotation of the body is taking place at all times. 

 Develop a consumption 
measurement tool and Model a  

Cutter blade design for diff blades

Experimentation through 
sensors 

Hall Effect sensor PIR sensor 

Back end program in 
MATLAB 

Consumption per person 
per day is calculated 

          Simulation 

Model in ABACAUS 

Simulate cutting edge with different 
blades. 

Analyse the Results 

A consumption Measurement Tool is proposed 
and cutter blade designs are compared 
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• The amount of paper cutted is in equal dimensions irrespective of 
the volume of the paper in the paper roll. 

• The amount of paper drawn from the H1 system was one 
numerically irrespective of the speed and position of drawing the 
paper. 

• The theoretical study is done for H1 blade cutter process and 
simulations for two different number of blades are done. 

 

2.2 Methodology 

• The methods used for the first part of the thesis work is Hall Effect 
Sensor and PIR Sensor methods, and the MATLAB software is 
used to display the experimental results. 

• In the Simulation part the Blade cutter process is modelled for two 
different varieties of blades. ABAQUS software is used for 
modeling.  
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3 Background and Overview of Thesis 
Work 

Svenska Cellulosa Aktiebolaget (SCA) Hygiene Products is an international 
paper company that produces and sells absorbent hygiene products, 
packaging solutions and publication papers. SCA products are-toilet paper, 
kitchen towels, diapers and panty liners, as well as incontinence care 
products [1]. 

Through experience it is found that the consumption of tissue paper is 
proportional to the quality and size of the tissue paper. Competition in the 
industry has prompted the company to get an in depth view of consumption 
of their different varieties of tissue papers. In order to find the consumption 
of tissue paper, it is necessary to have a consumption measurement tool. 

This thesis work is the part of developing a tissue consumption 
measurement tool. A model for measurement tool is designed with the help 
of experiments and simulations are done for different number of blades, 
which can be used in developing a new eco friendly system. 
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4 Product Description 

4.1 Hand Wiping System 

The most usage of hygiene products will be taking place in wash rooms. In 
the wash room the usage of hygiene products takes place in different ways 
in different dispensers, like hand towel, soap, toilet paper, air freshener etc. 
In considering usage of hygiene products in wash rooms Hand towel plays 
a vital role.  

Tork [1] has three types of Hand wiping systems, like H1, H2, and H3. The 
advantage of H1 system is with one-at-a-time towel release so that the 
usage and maintenance costs are reduced. The H1 Hand wiping system is 
one type of hand towel roll of hand wiping system. 

The H1 Hand wiping system is the widely used model when compared with 
H2 and H3 systems, due to its design convenience and its advantages over 
other systems. This system is chosen for this thesis work and the system is 
shown in figure 4.1. 

Height: Depth: Width = 374:205:320 (All Dimensions are in mm).  

 
Figure 4.1 H1 Hand Wiping System [1]. 

 



 12

 

5 Experimental Design 

The experimental work was done in order to present a measurement tool for 
finding out the consumption of Tissue paper per hand. As mentioned in the 
schematic diagram two different sensor techniques are used to get the 
results. Design of consumption measurement tool is shown in figure 5.1. 
The detail functioning of Hall Effect Sensor and PIR Sensors are discussed 
in 5.1 and 5.2.  

Hall Effect
Sensor Max233

CPU with COM1
, 2 ports &
MATLAB 
Software

Max233

Display results in
MATLAB

CAM

Paper

Person Entry and Exit

PIR 
Sensor

Hall Effect
Sensor Max233

CPU with COM1
, 2 ports &
MATLAB 
Software

Max233

Display results in
MATLAB

CAM

Paper

Person Entry and Exit

PIR 
Sensor

 
Figure 5.1 Design of Consumption Measurement Tool with PIR and Hall 

Effect Sensor. 

 

5.1 Indication of Paper Consumption  

The Hall Effect Sensor is used to indicate the number of tissue papers 
consumed per day. During this part of experiment, Hall Effect Sensor, 
Magnet, Max233IC, MATLAB software and PC were used, and the layout 
is shown in figure 5.2. 
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Figure 5.2 Layout of Hall Effect Sensor. 

The above Hall Effect Sensor along with Max233 is fixed in H1 hand 
wiping system and is shown in figure 5.8.  

 

5.1.1 Hall Effect Sensor principle 

If an electric current flows through a conductor in a magnetic field, the 
magnetic field exerts a transverse force on the moving charge carriers 
which tends to push them to one side of the conductor. This is most evident 
in a thin flat conductor as illustrated. A build up of charge at the sides of 
the conductors will balance this magnetic influence, producing a 
measurable voltage between the two sides of the conductor. The presence 
of this measurable transverse voltage is called the Hall Effect after E. H. 
Hall who discovered it in 1879. [3].  

  
Figure 5.3 Hall Effect principle, [3]. 

The Hall voltage can be calculated from 

HallV  = Bσ      

where, 

HallV  Emf [volts]                      σ      sensitivity [Volts/Gauss] 

B applied field [Gauss]      I      bias current [Amperes] 
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5.1.2 Magnetic gear tooth sensing 

The Hall Effect Sensor used in this thesis work is of type Magnetic gear 
tooth sensing. Hall Effect gear tooth sensing makes use of the Hall element 
to sense the variation in flux found in the air gap between a sensor and the 
cam for which the magnet is fixed. A modern approach is to convert the 
signal from the Hall element to a digital value, and then perform signal 
processing to create a digital output from that effort. In the case of the Hall 
Effect gear tooth sensing scheme, each time the signal changes direction, a 
counter is reset. If the signal level changes beyond the preset magnitude 
from the positive or negative peak the output level is changed. This creates 
a digital zero speed peak detection speed sensor. It is immune to orientation 
requirements and can follow the gear speed down to the cessation of 
motion. It will detect the first edge of the cam for which the magnet is fixed 
immediately after the pulling of paper takes place. The digital signal 
processing does introduce an uncertainty from quantization that is greater at 
larger speeds. Extremely demanding timing requirements like those found 
in crank position sensors may suffer from the loss of accuracy at high 
speeds. [3]. 

 

 
Figure 5.4 Positioning of Sensor with magnets, [3]. 

In order to detect the passing cam with a Hall Effect sensor it is necessary 
to provide source of magnetic energy. The simple way to do this is to 
arrange a permanent magnet such that the axis of magnetization is pointing 
towards to surface of the Sensor. As a cam moves across the surface of the 
Sensor the flux will become attracted to the lower reluctance path provided 
by the ferrous steel structure. When this occurs the flux density measured 
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by the Hall element between the face of the sensor and the cam increases. 
The change in voltage takes place and it can be considered as a one rotation 
of cam thus gives one consumption of paper. 

The Earth's field will not operate a Hall IC Switch, but a common 
refrigerator magnet will provide sufficient strength to actuate the sensor. 

Common Magnetic Materials 
There are four classes of commercial permanent magnet materials, they are 
Ceramic, Alnico, Neodymium Iron Boron, and Samarium Cobalt. 

They have very high flux densities for their size and should be handled with 
caution. These magnets have been provided to assist in the design and 
construction of a Hall Effect Sensor System. 

The intensity of the magnetic field depends on many variables, such as 
cross-sectional area, length, shape, material and ambient temperature. Each 
one of these variables must be considered when designing Hall Effect 
sensor integrated circuit and magnetic system for your application [6].  

 

5.1.3 IC Max233 

Every PC has one or more RS-232 ports. Newer PCs are now supporting 
other serial interfaces such as USB, but RS-232 can do things that USB 
cannot. 

A simple way to translate from 5V logic to RS232 is to use one of the many 
chips designed for this purpose. The chip of type Max233 was the first to 
offer RS232 interface chips that require only a +5V power supply. The 
Max233 is more convenient because it requires no external capacitors at all. 
[6]. 
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Figure 5.5 Schematic Circuit of Hall Effect Sensor Design. 

 

5.2 Detection of Persons Entering the Room 

From the above method only consumption of paper can be found. In order 
to find out the consumption of paper per user the PIR Sensor can be used, 
from the PIR Sensor the number of persons entering the toilet room can be 
found out. 

There are many different ways to find a movement of a person entering a 
room and the simplest of which is by using a sensor.  

The common Sensor used is to have a beam of light crossing the room near 
the door, and a photo-sensor on the other side of the room. When a person 
breaks the beam, the photo-sensor detects the change in the amount of light 
and the indication can be used as an output. 
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5.2.1 PIR Sensor 

 

Figure5.6 Layout of PIR Sensor. 

The "motion sensing" feature on most lights (and security systems) is a 
passive system that detects infrared energy. These sensors are therefore 
known as PIR (passive infrared) detectors or pyroelectric sensors. In order 
to make a sensor that can detect a human being, you need to make the 
sensor sensitive to the temperature of a human body. Humans, having a 
skin temperature of about 33˚C, radiate infrared energy with a wavelength 
between 9 and 10 micrometers. Therefore, the sensors are typically 
sensitive in the range of 8 to 12 micrometers. PIR sensors are electronic 
devices which are used to detect motion of an infrared emitting source, 
usually a human body [4]. 

Detection angle is the horizontal angle through which movement can be 
detected. A greater angle normally means a more expensive sensor. The 
vertical and horizontal angle on many PIR sensors is adjustable. 

 
Figure 5.7 Angular view of PIR Sensor. 
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5.3 Programming in MATLAB 

MATLAB (Matrix Laboratory) is an interactive software system for 
numerical computations and graphics. As the name suggests, MATLAB is 
especially designed for matrix computations solving systems of linear 
equations and computing. In addition, it has a variety of graphical 
capabilities, and can be extended through programs written in its own 
programming language. 

In this part of work MATLAB is used for Serial communication. It is the 
communication between two or more devices. Normally, one device is a 
PC, while the other device can be a modem, a printer, another PC, or a 
scientific instrument such as an oscilloscope or a function generator. As the 
name suggests, the serial port sends and receives bytes of information in a 
serial fashion - one bit at a time. These bytes are transmitted using either a 
binary (numerical) format or a text format. 

Two programs in MATLAB is written for receiving the experimental data  
through two serial ports COM1 and COM2 in order to find the consumption 
of paper per user. The programs can be viewed in Appendix [ A ]. 

 

5.4 Working Model 

Hall-Effect sensing makes use of the Hall element to sense the variation in 
flux found in the air gap between a magnet and passing material (blades). A 
modern approach is to convert the signal from the Hall element to a digital 
value and then perform signal processing to create a digital output from that 
effort. The sensor circuit was constructed according to the circuit of MLX 
90217 Hall Effect Sensor. The sensor is positioned on the side of the cutter 
and the magnet was placed on the spindle of the rotating body cam, from 
the assumptions in 2.1.1 it is known that one rotation of the body gives one 
consumption of paper. 
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Figure 5.8 Sensor circuit fixed in H1 system. 

The sensor and magnet were placed such that when ever a paper is dragged 
from the H1 System the body rotates one complete cycle that is equal to 
360˚. The position of the sensor was fixed in the equipment constructed, 
when ever there is a consumption of paper from the H1 system it is taking 
one cycle of rotation to get the paper cutted from the paper roll. The magnet 
then gets contact with the sensor for one time. It is clear from the working 
model of Hall Effect sensor that as the magnet gets closer to the sensor it 
creates magnetic field. Due to that magnetic field the magnetic density gets 
increased and then there will be a change in the output voltage compared to 
the input voltage given. As this occurs each time the paper is dragged from 
the H1 system. This can be used as a count for finding out the consumption 
of the papers, as the dimensions of the paper coming out of the system are 
equal. The sensor output pin is given to the MAX 233 IC as a RS232 
converter port and from MAX233 IC it is connected to the COM1 Port. 
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Figure 5.9 Positioning of Hall Effect Sensor and Magnet. 

The equipment used for counting the number of persons consists of a 
Passive Infrared Ray Sensor (PIR).The PIR sensor should be placed in a 
position such that when ever a person enters in to the toilet room, it detects 
the person. It works on the principle of radiation of heat with in its 
limitation of time, and triggers a switching. The PIR sensor output is 
connected to the MAX 233 IC which is connected to the COM2 Port of PC.  
By running the MATLAB program to calculate the total number of persons 
entered the output results of PIR sensor will be displayed, from the results it 
is known that when a person entered the room and left the room, as the 
programming is done to display time. 
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Figure 5.10 Complete system of PIR Sensor. 

The results from both Hall Effect Sensor and PIR Sensor are obtained by 
running the two MATLAB programs. The results will be analysed to get 
the consumption of tissue paper per person. 
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6  Simulations 

6.1 Introduction and Aim 

The H1 hand wiping system is one of the widely used product from Tork. It 
is mainly used in public wash rooms as dispensers for tissue papers. There 
has been a wide research going on hand wiping systems for their 
development, and in that part of research work it became necessary for the 
company to study its H1 hand wiping system and propose a better design 
for the development of mankind. In the mechanical simulation part of this 
thesis work two different models consist of different numbers of cutter 
blades are simulated in an FE program. 
 

 

Figure 6.1. Schematic representation of Simulation work. 

 

6.2 Working Model of H1 System 

The system used with in this thesis work is H1 hand wiping system as 
shown in figure 6.1.This system mainly consists of cam and a cutter roller 
for which a blade cutter was a part with 8 number of blades, when ever the 
paper is pulled out from the system it takes one rotation to get the paper 
cutted through blades which were attached to cutter roller. From practice it 

Model the blade cutter for different 
number of blades and compare the 

designs 

Theoretical Study Numerical Simulation in FE 
program 

Comparison of simulation results
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is found out that the amount of paper gets cutted was in equal dimensions 
all the time due to its design, in order to pull the paper from the H1 system 
it is required to apply some force, this force acts on the cutter roller and it 
starts rotating with its built in mass and as it completes one rotation the 
total force is applied on the cutter blades causing it to cut the paper. During 
this process the tissue paper is subjected to some stress throughout its 
surface and it seems that the most of stresses are concentrated at the places 
under the effects of cutter blades. As from theory it is known that stress is 
defer with respect to applied force and from theoretical equations (in the 
next part) it is found out that the force applied at the cutter blades is two 
times the force pulled the paper.  

The main aim in this part is to analyse the stress distribution when paper is 
subjected to different number of blades. Then with a comparison between 
different cutting models a better model is suggested. The comparison is 
based on stress distribution through out the paper surface in the cutting 
process. In order to analyse the stress distribution when paper is subjected 
to different number of blades, an FE-modelling program (i.e. ABAQUS) is 
used. 

 
Figure 6.2 Design view of H1 system. 
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6.3 Modelling the Blade Cutter Process in H1 
System 

A simplified model of the H1 system is studied. An assumption is made 
considering that the paper is a cantilever beam as shown in the figure 6.3. 
Here the pulling force is termed as 1P  and while the point of shear by the 
cutter blade is 2P . It is also assumed that the length of the paper is equal on 
either side of the cutter, which is r . The horizontal and vertical forces act at 
the end of the beam as xA  and yA  respectively. Also a bending moment is 
experienced at the fixed end. 

rr

 
Figure 6.3 Free body diagram of blade cutter for H1 system.  

From this it is clear that the blade force 2P  acts in the opposite direction to 
the pulling force 1P  and double the quantity ( 12 2PP = ). For example a 
pulling force of 5N gives 10N force in the opposite direction at the blade 
cutters. 
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6.4 Introduction to Finite Element Analysis 

FEA consists of a PC model of a material or design that is stressed and 
analyzed for specific results. It is used in new product design, and existing 
product refinement. A company is able to verify a proposed design will be 
able to perform to the client's specifications prior to manufacturing or 
construction. Modifying an existing product or structure is utilized to 
qualify the product or structure for a new service condition. In case of 
structural failure, FEA may be used to help determine the design 
modifications to meet the new conditions. 

There are generally two types of analysis that are used in industry 2-D 
modelling and 3-D modelling. While 2-D modelling conserves simplicity 
and allows the analysis to be run on a relatively normal PC, it tends to yield 
less accurate results. 3-D modelling, however, produces more accurate 
results while sacrificing the ability to run on all but the fastest PCs 
effectively. Within each of these modelling schemes, the programmer can 
insert numerous algorithms (functions) which may make the system behave 
linearly or non-linearly. The result will be more accurate if large number of 
elements of smaller size is used. FEM follows the following three steps. 
[9]. 

1. Pre processing of input data, to discretize functions and equations. 
2. Computation to solve the matrix equation. 
3. Post – Processing of output results, to retrieve the solution from 

discretization. 

And the software ABAQUS is based on Finite Element Analysis to solve 
many engineering problems and is used in this thesis work. 

 

6.5 Introduction to ABAQUS 

ABAQUS is an engineering simulation program, based on the FEM which 
can solve problems ranging from relatively simple linear analysis to the 
most challenging non linear simulations. ABAQUS contains an extensive 
library of elements that can model virtually nearly, any geometry and most 
material properties. It has an equally extensive list of material models that 
can simulate the behaviour of most typical engineering materials including 
metals, rubber, papers, etc. ABAQUS can be used to study more than just 
structural (stress displacement problems). 
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ABAQUS is simple to use even though it offers the user a wide range of 
capabilities. For example, for example problems with multiple components 
are modelled by associating the geometry defining each component with 
the appropriate material models. 

 

6.6 Simulations in ABAQUS 

6.6.1 Pre processing 

It is chosen to do the Simulation part of this thesis work in commercial 
program ABAQUS. In the Pre processing the part is created and then the 
material is assigned to it. After that in the enmeshment module the part is 
meshed and is ready for applying the boundary conditions and loads. 
Finally by specifying the field output and step of computation the model is 
ready for making the job and calculation. 
 

6.6.1.1 Part Geometry 

The part geometry of the 8 blade cutter is shown in Figure 6.4 and all the 
dimensions are in mm. Figure 6.5 is shown the part geometry for 4blade 
model as well. The dimensions for the 8 blade cutter are calculated from the 
blade cutter of H1 system and for 4blade cutter the dimensions are assumed 
and are used in simulation. 
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Figure 6.4 Part geometry for 8blade cutter. (All dimensions are in mm) 
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Figure 6.5 Part geometry for 4blade cutter. (All dimensions are in mm) 

 

6.6.1.2 Material Properties 

The material of the model was considered as a paper and the mechanical 
properties of the material such as Young’s modulus was calculated from the 
Q Test 100 Elite, MTS simplified Tensile machine with test speed of 
1mm/min and dimension of 3mm to 10mm (length). The Young’s modulus 
and Poisson ratios were selected 3.5273 MPa and 0.3, respectively 
(Appendix C).  
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6.6.1.3 Elements 

The four-node thin shell, S4R, element has been selected for meshing. This 
type of elements is applicable for modelling thin shell structures with 
ignoring shear stress. There were 2240 elements in both 1 and 2 directions. 

 

6.6.1.4 Load and Boundary Conditions 

Tow loads and two boundary conditions are applied to the models. As it is 
clear from figure 6.5 the pulling force is applied to the upper edge of the 
paper in 2 direction and the cutter forces are subjected to the paper on 
surface in 1 direction. The first boundary condition is applied at the lower 
edge as a fixed in 1 and 3 directions and free to move in 2 direction. The 
other boundary condition is situated at the place that cutter blades contact 
the paper. These points are allowed to move in 1 and 3 directions and fixed 
in 2 direction. The boundary conditions for 4blade model are shown in 
Appendix, [D] as well. 
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Figure 6.6 Boundary conditions and loads for 8blade cutter. 

 

6.6.1.5  Steps in Model Construction 

1. A part was created using the part module and the 3D modelling is 
chosen for creating a Model, with element of type shell, and of 
deformable. And the dimensions are taken from the measured data. 

2. Property model is used to name the material and to define its 
mechanical properties such as Young’s modulus (3.547MPa), 
Poisson’s ratio (0.3), etc. 

3. A shell homogeneous section is created with shell thickness as the 
input data, in the section module with the thickness of 1.8485mm.  

4. The part is assigned in the assign section part by selecting an edge. 
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5. The assigned model is partioned and sketched with respect to the 
required dimensions of the model. 

6. To generate the Finite element mesh, Mesh module is used. A four 
node S4R quadrilateral element is used to get more precise results. 

7. In the Step module the Static step was created and in the edit dialog 
box 0.5sec was fixed as time period for the step. 

8. And in the load module the first load is created as shell edge load, 
and shell edges are picked for applying the load. And the second 
load is taken as concentrated load and the position of points (at 
blade cutter) are selected for applying the load. 

9. In the boundary condition module two boundary conditions are 
applied the first boundary condition is at the bottom edge of the 
paper by selecting only the edges and in this y-axis is free, x  and z 
are fixed. And in the second boundary condition which is applied at 
the cutter blade position y-axis is fixed and x and z are free. 

10.  As all of the tasks are finished the job module allows us to analyse 
the job done by naming the job and submitting it for results. 

11. And the last module is visualisation module which allows to view 
the results graphically using different methods. 

 

6.6.2 Post processing 

The stress distributions in 2 direction throughout the paper are shown in 
figures 6.6 and 6.7 for 8blade and 4blade models respectively.  
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Figure 6.7 Four blade model showing Stress distribution, S22. 
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Figure 6.8 Eight blade model showing Stress distribution, S22. 

The stress calculated is a simple stress with out considering any cracks or 
holes as the effect of cutter blades on the surface of the paper. The material 
is considered as isotropic material and homogeneous. Thus the Stress 
distribution for four blade model and eight blade models were found out 
from ABAQUS model and the results are analysed. The stress found at the 
4 blade cutter position is nearly double when compared to the stress at the 8 
blade cutter position (comparison between the results from the figure 6.6 
and 6.7). As the load applied is equal in both the models and we know that 
the load applied at cutter blades positions is divided by the number of 
blades, so more load is applied at cutter blades positions for 4 blade model 
respect to 8 blade one.  

From the other point of view and if some cracks consider as the effects of 
cutter blades, the situation of problem is completely different, where the 
stress concentration around the crack tip seems more interesting for study. 
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Therefore for having a comprehensive comparison between models, 
considering the cracks propagation and Fracture Mechanics are required.  
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7 Conclusion and Further Work 

A consumption measurement tool is presented for measuring the 
consumption of tissue paper per hand in public wash rooms and the 
consumption of tissue paper per person is measured successfully. The 
programs in MATLAB give the precise time for the usage of paper. Thus 
the paper consumed per day per user was found out.  

Then the process of cutting paper in hand wiping system is studied and it is 
derived theoretically with related equations. Afterwards a Finite Element 
Model is done in ABAQUS for 4blade and 8blade cutter. The result shows 
that ABAQUS is a reliable FE program for doing the static simulation. 
Although the stress distribution around the cutter blades for the 4blade 
model is higher than the 8blade one as the result of numerical simulation in 
ABAQUS, the model can be kept and improved by considering some 
cracks at the cutter blade points.  

In the future works and next projects there can be some further works 
considered. The Data Acquisition Tool box can be used to make the tool 
simplified as it can be directly connected to USB port. The two different 
programs can be developed in to a single program, the circuit for Hall 
Effect Sensor can be developed to environmentally automotive protection 
circuit.  

Improving new models based on the model suggested for cutting paper can 
be developed by adding more boundary conditions and the effects of cutter 
blades can be considered as cracks on the surface of the paper as a scope 
for Crack propagation on the paper which can be done in Fracture 
mechanics as further work. 

The rolled paper can be modelled in this situation. The material defined for 
the paper is assumed purely isotropic, that is far from reality. Assuming 
paper as orthotropic material can have a more accurate result. The paper 
was assumed as an elastic material in this thesis work, but there will be 
some other kind of materials that can be assigned instead of that.  
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APPENDICES 

A.  MATLAB Programs 

Program to Calculate the Total Number of Persons Entered  
            % Program to calculate the Total number of persons entered% 

close all; clear all; clc 
d = dates(now,'dd-mmm-yyyy');         % Person Count per day% 
disp (['PERSON COUNT ON',' ',d]) 
st = datestr(now,'HH:MM:SS'); 
disp(st) 
disp ([' ']) 
s = serial('com2');                                % The serial port that you are using is  

                                                              com2port % 
s.InputBufferSize = 1000;                   % Specify the size of buffer: the  

                                                              Number of inputs that you require % 
fopen(s);tic;                                        % Start Timer % 
count = 1; 
count1 = 1; 
for N = 1:10                                       %Specify no.of.persons entry and  

                                                              Exit % 

f = rem(N,2); 

set(s,'Timeout',86400)                       % The time waits for the pgm to give  

                                                             Output here in seconds %    
a = fread(s,1); 
w = datestr(now,'HH:MM:SS'); 
toc;                                                    % Timer % 
T = toc; 
if T > 86400 
break                                                 % Break the loop after a day and stops  

                                                               the  program % 
End 
if f == 1 
disp ([ 'PERSON ',' ', num2str(count),' ','entered the room at',' ', w]) 
count = count+1; 
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end 
if f == 0 
disp ([ 'PERSON ',' ', num2str(count1),' ','left the room at',' ', w]) 
disp ([' ']) 
count1 = count1+1; 
end 
end 
fclose(s) 

%-----------END OF PROGRAM --------------------------------% 

Program to Calculate the Total Number of Papers Consumed 
% Program to calculate the Total number of papers consumed % 

close all; clear all; clc 
warning off 
d = datestr(now,'dd-mmm-yyyy');    % Paper Consumption per day % 
disp (['PAPER CONSUMPTION ON',' ',d]) 
st = datestr(now,'HH:MM:SS'); 
disp(st) 
disp ([' ']) 
s = serial('com1');                             % The serial port that you are using is  

                                                              com1 port % 
s.InputBufferSize = 1000;                % Specify the size of buffer: the 
number  

                                                          of inputs that you require % 
fopen(s); 
tic;                                                    % Start Timer % 
for N = 1:10                                     % Total no of papers % 
set(s,'Timeout',86400)                     % Maximum time the program waits   

                                                           before a paper is removed % 
a = fread(s,1);                                 % Waits until reading 1 sample data 
from  

                                                            port % 
w = datestr(now,'HH:MM:SS'); 
toc;                                                  % Timer % 
T = toc;  

ifT>86400 
    break                                           % Break the loop after a day and stops  
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                                                                    the program % 
  end 
disp ([ 'Paper',' ', num2str(N),' ','removed at',' ', w]) 
end 
fclose(s);                                                   %Close the port % 
 

%--- END OF PROGRAM -------------------% 
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B.  User Manual 

This Manual gives complete information about the Consumption 
measurement tool presented above and about its functioning instructions 
and the required data. For constructing the Consumption of the paper 
measurement tool the required hardware and software tools are as fallows. 

The consumption measurement tool presented above can be used for 
measuring the consumption of paper per person. Figure B.1 illustrate the 
different parts used and their connection schematically. The installations 
and working procedures are described below which are based on the 
assumptions in 2.1.1 considered while making this measurement tool. 

Installations and Working Procedure 

• Installation of the Hall Effect Sensor on the side of rotating roller 
for which a magnet will be fixed (Figure B.2) 

• Installation of the Magnet on the rotating roller (Figure B.3). 

• Connection of the Hand wiping System to the PC. The Hall Effect 
Sensor output is connected to the PC through COM1 (Figure B.4). 

• Installation of the PIR sensor layout at the side of the entrance of 
the room (Figure B.5).  

• Connection of the PIR Sensor to the PC through COM2. 

• Running the MATLAB programs. The first program calculates the 
number of persons entered from the PIR sensor out put data. Then 
the total number of papers consumed is calculated by the second 
MATLAB program. Finally the consumption measurement of the 
paper per person is found by analysing the results from the two 
MATLAB programs. 
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Figure B.1. Installation of different parts of the measurement tool. 

 

 

 
Figure B.2. The Hall Effect Sensor with its Schematic circuit is fixed on the 

side of rotating roller. 
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Figure B.3. Position of Magnet and Sensor. 

 

 
Figure B.4.Complete H1 System which can be connected to COM1. 
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Figure B.5. PIR Sensor system. 

Programming Instructions 

1. The Power supply to this tool should be continuous. And the PC 
should run through out the Experimentation part.  

2. The Program can be changed for the required number of persons 
and papers and the time limit also can be changed and it can be 
found from the comments in the program.  

3. When we want the Output for one day and run the program and 
suddenly you want to change it for half day you have to end the 
program running by doing Ctrl+Alt+Del and have to end the task of 
MATLAB running files and then have to open 2 new MATLAB 
windows for 2 programs and make a change in the program and run 
it. 

4. And the PC specification should be Windows XP operating systems 
and of RAM512MB, 2.80GHz processor with MATLAB7.0 
software and with 2 serial port connections. 

 

Modifications recommended 

1. As the power supply is given through battery and the system needs 
continous power supply it is recommended to use DC power supply. 

2. The circuit should be protected with environmental conditions.  

Data Acquisition Tool box, microcontroller and blue tooth devices be 
used for fast and accurate transfer of data. 
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Cost Estimation of the components 

 
Component (ID)                                 (Company)              No.of Pieces              Price      

                                                                                              
Hall Effect Sensor (MLX90217)     www.melexis.com       1                 - 8$    

MAX233A IC (73-233-06)              www.elfa.se                 2                 - 5$ 

Cable9pin (male)                             www.elfa.se                 2                 - 3$   

Cable9pin (female)                          www.elfa.se                 2                 -3$  

Resistor 5.6kΩ                                 www.melexis.com       1                 - 2$ 

capacitor10µF.                                 www.melexis.com       1                 -2$ 

Power Supply Battery 4.5V             www.on-off.se             2                - 10$ 

Magnet (605-00006)                         www.melexis.com        1                - 5$ 

PIR Sensor Circuit (1419)              www.harald-nyborg.se   1              - 10$   

 

Computer with above specifications mentioned in Manual.  
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C.  Tensile Test Result 

The Young’s modulus of the Material was found out from the MTS 
simplified tensile.m. For 3 specimens and the average of the results were 
considered as Young’s modulus and was used in Simulation part. And the 
lot was drawn showing load (L) verses extension (mm). The software used 
for testing was Test works4, version. 

3 specimens were tested and the results from the tests are shown in table 
C.1. 

The young’s modulus was taken as average of the three specimen’s values 
shown above which is equal to 3.5273 MPa and the Poisson’s ratio was 
considered as 0.3. 
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Figure C.1. Load (L) versus extension (mm). 

 

 

 

 

Table.C.1 Specimen results. 

Specimen Width 
mm 

Thickness 
mm 

Peak 
load N 

Peak 
stress 
MPa 

 Strain 
at break 
mm/mm 

Modulus 
MPa 

1 30 1.849 13.689 0.2 0.118 3.876 

2 30 1.849 13.820 0.2 0.153 3.566 

3 30 1.849 14.061 0.3 0.164 3.140 
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D.  Loads and Boundary Conditions in ABAQUS Model 

The boundary conditions for 4blade model are shown in figure D.2. 

Tow loads and two boundary conditions are applied to the models. The 
pulling force is applied to the upper edge of the paper in 2 direction and the 
cutter forces are subjected to the paper on surface in 1 direction. The first 
boundary condition is applied at the lower edge as a fixed in 1 and 3 
directions and free to move in 2 direction. The other boundary condition is 
situated at the place that cutter blades contact the paper. These points are 
allowed to move in 1 and 3 directions and fixed in 2 direction. 

 
FigureD.1. Boundary conditions and loads for 4blade model. 
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E.  ABAQUS Input Files 

4 Cutter Blades Model 

*Heading 
CONCENTRATEDLOAD30 
** Job name: 4BLADES Model name: Model-1 
*Preprint, echo=NO, model=NO, history=NO, contact=NO 
** 
** PARTS 
** 
*Part, name=Part-1 
*Node 
1,          25.,          40.,           0. 
2,           0.,          40.,           0. 
3,           0.,           0.,           0. 
,,           ,,            ,,            ,, 
,,           ,,            ,,            ,, 
2449,       140.,         265.,          0. 
2450,       140.,         270.,          0. 
2451,       140.,         275.,          0. 
*Element, type=S4R 
 1,   1,  19, 454,  40 
 2,  19,  20, 455, 454 
 3,  20,  21, 456, 455 
 ,,  ,,   ,,   ,,   ,, 
 ,,  ,,   ,,   ,,   ,, 
2350, 2449, 2450,  334,  333 
2351, 2450, 2451,  335,  334 
2352, 2451,  453,   16,  335 
*Nset, nset=_PickedSet2, internal, generate 
    1,  2451,     1 
*Elset, elset=_PickedSet2, internal, generate 
    1,  2352,     1 
** Region: (Section-1:Picked) 
*Elset, elset=_PickedSet2, internal, generate 
    1,  2352,     1 
** Section: Section-1 
*Shell Section, elset=_PickedSet2, material=PAPER 
1.8485, 5 
*End Part 
**   
** 
** ASSEMBLY 
** 
*Assembly, name=Assembly 
**   
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*Instance, name=Part-1-1, part=Part-1 
*End Instance 
**   
*Nset, nset=_PickedSet23, internal, instance=Part-1-1 
   3,   4,   5,   9,  14,  15,  30,  31,  32,  33,  57,  58,  
59,  60,  61,  62 
  63,  64,  65, 182, 183, 184, 185, 186, 187, 188, 189, 190, 
191, 192, 260, 261 
 262, 263, 280, 281, 282, 283, 284, 285, 286, 287, 288 
*Elset, elset=_PickedSet23, internal, instance=Part-1-1 
   36,   37,   38,   39,   40,   41,   49,   57,   65,   73,   
81,   89,   97,  105,  113,  361 
  369,  377,  385,  393,  401,  409,  417,  425,  433,  441,  
449,  972,  973,  974,  975,  976 
  977,  985,  993, 1001, 1009, 1017, 1025, 1033, 1041, 1049 
*Nset, nset=_PickedSet25, internal, instance=Part-1-1 
  1,  6, 10, 13 
*Nset, nset=_PickedSet26, internal, instance=Part-1-1 
  1,  6, 10, 13 
*Elset, elset=__PickedSurf21_E2, internal, instance=Part-1-1 
  168,  216,  264,  312,  360,  504,  552,  600,  648,  696,  
744,  792,  840,  888,  936, 1104 
 1152, 1200, 1248, 1296, 1344, 1392, 1440, 1488, 1536, 1584, 
1632, 1920, 1968, 2016, 2064, 2112 
 2160, 2208, 2256, 2304, 2352 
*Elset, elset=__PickedSurf21_E4, internal, instance=Part-1-
1, generate 
 1633,  1825,    48 
*Surface, type=ELEMENT, name=_PickedSurf21, internal 
__PickedSurf21_E2, E2 
__PickedSurf21_E4, E4 
*End Assembly 
**  
** MATERIALS 
**  
*Material, name=PAPER 
*Elastic 
 3.547, 0.3 
** ---------------------------------------------------------
------- 
**  
** STEP: Step-1STATIC 
**  
*Step, name=Step-1STATIC 
STATICSTEP 
*Static 
0.5, 0.5, 5e-06, 0.5 
**  
** BOUNDARY CONDITIONS 
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**  
** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre 
*Boundary 
_PickedSet23, YASYMM 
** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre 
*Boundary 
_PickedSet26, YSYMM 
**  
** LOADS 
**  
** Name: Load-1SHELLEDGELOAD   Type: Shell edge load 
*Dsload 
_PickedSurf21, EDNOR, -10. 
** Name: Load-2CONC   Type: Concentrated force 
*Cload 
_PickedSet25, 3, 5. 
**  
** OUTPUT REQUESTS 
**  
*Restart, write, frequency=0 
**  
** FIELD OUTPUT: F-Output-1 
**  
*Output, field, variable=PRESELECT 
**  
** HISTORY OUTPUT: H-Output-1 
**  
*Output, history, variable=PRESELECT 
*End Step 
 
8 Cutter Blades Model 

*Heading 
 8bladecutterfinal 
** Job name: 8BLADES Model name: Model-1 
*Preprint, echo=NO, model=NO, history=NO, contact=NO 
** 
** PARTS 
** 
*Part, name=Tissuepaper 
*Node 
      1,          12.,          40.,           0. 
      2,           0.,          40.,           0. 
      3,           0.,           0.,           0. 
      2335,   177.199997,       265.,          0. 
      2336,   177.199997,       270.,          0. 
      2337,   177.199997,       275.,          0. 
*Element, type=S4R 
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 1,   1,  31, 664,  46 
    2,    31,   2,   32,   664 
    3,    46,   664, 665,  45 
    2238, 2335, 2336,559,  558 
    2239, 2336, 2337,560,  559 
    2240, 2337, 663, 28,   560 
*Nset, nset=_PickedSet2, internal, generate 
    1,  2337,     1 
*Elset, elset=_PickedSet2, internal, generate 
    1,  2240,     1 
** Region: (staticSection:Picked) 
*Elset, elset=_PickedSet2, internal, generate 
    1,  2240,     1 
** Section: staticSection 
*Shell Section, elset=_PickedSet2, material=Tissuepaper 
1.8483, 5 
*End Part 
**   
** 
** ASSEMBLY 
** 
*Assembly, name=Assembly 
**   
 
 
 
 
*Instance, name=Tissuepaper-1, part=Tissuepaper 
*End Instance 
**   
*Nset, nset=_PickedSet27, internal, instance=Tissuepaper-1 
  1,  6, 10, 13, 16, 19, 22, 25 
*Nset, nset=_PickedSet28, internal, instance=Tissuepaper-1 
   3,   4,   5,   9,  12,  15,  18,  21,  26,  27,  39,  58,  
59,  60,  61, 168 
 169, 170, 171, 234, 235, 236, 237, 301, 302, 303, 304, 305, 
368, 369, 370, 371 
 435, 436, 437, 438, 498, 510, 511, 512, 513 
*Elset, elset=_PickedSet28, internal, instance=Tissuepaper-1 
   15,   16,   17,   25,   33,   41,   49,  153,  161,  169,  
177,  185,  433,  441,  449,  457 
  465,  713,  721,  729,  737,  745,  753, 1001, 1009, 1017, 
1025, 1033, 1329, 1337, 1345, 1353 
 1361, 1623, 1624, 1625, 1633, 1641, 1649, 1657 
*Nset, nset=_PickedSet29, internal, instance=Tissuepaper-1 
  1,  6, 10, 13, 16, 19, 22, 25 
*Elset, elset=__PickedSurf26_E2, internal, 
instance=Tissuepaper-1 
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  104,  152,  240,  288,  336,  384,  432,  520,  568,  616,  
664,  712,  808,  856,  904,  952 
 1000, 1088, 1136, 1184, 1232, 1280, 1328, 1416, 1464, 1512, 
1560, 1608, 1712, 1760, 1808, 1856 
 1904, 2048, 2096, 2144, 2192, 2240 
*Elset, elset=__PickedSurf26_E4, internal, 
instance=Tissuepaper-1 
 1905, 1953 
*Surface, type=ELEMENT, name=_PickedSurf26, internal 
__PickedSurf26_E2, E2 
__PickedSurf26_E4, E4 
*End Assembly 
**  
** MATERIALS 
**  
*Material, name=Tissuepaper 
*Elastic 
 3.547, 0.3 
** ---------------------------------------------------------
------- 
**  
** STEP: Step-1 
**  
*Step, name=Step-1 
staticstep 
*Static 
0.5, 0.5, 5e-06, 0.5 
**  
** BOUNDARY CONDITIONS 
**  
** Name: BC-1 Type: Symmetry/Antisymmetry/Encastre 
*Boundary 
_PickedSet28, YASYMM 
** Name: BC-2 Type: Symmetry/Antisymmetry/Encastre 
*Boundary 
_PickedSet29, YSYMM 
**  
** LOADS 
**  
** Name: Load-1shelledge   Type: Shell edge load 
*Dsload 
_PickedSurf26, EDNOR, -10. 
** Name: Load-2   Type: Concentrated force 
*Cload 
_PickedSet27, 3, 2.5 
**  
** OUTPUT REQUESTS 
**  
*Restart, write, frequency=0 
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**  
** FIELD OUTPUT: F-Output-1 
**  
*Output, field, variable=PRESELECT 
**  
** HISTORY OUTPUT: H-Output-1 
**  
*Output, history, variable=PRESELECT 
*End Step. 
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