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Abstract 

Biomimetic tactile sensing was previously mostly performed in medical situations, such as 

when locating tumors in patients’ bodies. This thesis examined the effectiveness of using a 

biomimetic tactile sensory equipment for examining pressure distribution throughout carton 

board packages, made in two different carton board qualities. The purpose was to examine to 

what extent biomimetic tactile sensing was able to mimic the results of a group of human test 

subjects evaluations. 

Eight packages, made from two different materials, were tested. There were four packages of 

each of the materials. Each package had four points where displacement measurements with a 

force of 6N were conducted. The packages were then measured twice on a single point on the 

edge of the package, with the force of 12N.  

The packages at disposal were compressed using a uniaxial-tensile-testing machine alongside 

with the aforementioned equipment. The pressure sensitive film was placed on top of the 

packages and a limit on the maximum force to be applied was set on the testing machine. Two 

limits on the applied forces were set, the first to see the distribution of pressure within the 

range of elastic deformation, so that no lasting deformation would have occurred. The second 

force limit was set to see the moment where the elastic deformation area transformed into the 

plastic deformation area, to see whether or not there was a difference in the distribution of 

pressure pre- or post-plastic deformation. 

From the results from compression tests, it was clear that there was a difference in pressure 

distribution before and after the plastic deformation had occurred. The experimental diagrams 

showed that the curves were vastly different in both cases. It was also clear that there was a 

significant difference in the distribution of pressure, depending on if the pressure was applied 

closer to the middle compared to closer to the center of the package (single vs multiple 

concentration of forces, respectively). 

Inspecting results from packages made in both carton board qualities, there were no clear 

results as the same trends could be seen throughout the tests.  

It was concluded that the BioTac could be used to accurately identify concentrations of forces, 

differences in pressure distribution and the location of deformation. This means that the 

BioTac will be useful in future experiments, when objectively evaluating and defining grip 

stiffness, with the help of methods such as the finite-element method. 

Key words: Carton Board, Package, Tetra Pak, Distribution of Pressure, Grip Stiffness 
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Sammanfattning 

Biomimetiskt taktilt avkännande var något som tidigare mestadels utfördes för medicinala 

syften, såsom för att lokalisera tumörer i patienters kroppar. Detta examensarbete undersökte 

effektiviteten av att använda en biomimetisk taktil avkännare för att granska 

tryckfördelningen genom kartongförpackningar, gjorda av material från två olika 

kartongkvaliteter. 

Totalt åtta förpackningar, gjorda av två olika material, provades. Det var fyra av varje 

materialtyp. Varje förpackning mättes på fyra punkter med 6N och sedan två gånger på 

samma punkt med 12N. 

Förpackningarna till förfogande trycktes ihop med en enaxlad drag- och tryckprovare samt 

den tidigare nämnda avkännaren. En tryckkänslig film användes mellan avkännaren och 

förpackningen för att tydligt se tryckfördelningen på alla förpackningarna. Två gränser på den 

maximala tillåtna kraften upprättades i tryckmaskinen, 6N och 12N. Den lägre nivån sattes för 

att undersöka tryckfördelningen inom det elastiska deformationsområdet, utan att en 

kvarstående plastisk deformation uppstått. Den högre gränsen sattes för att undersöka skedet 

där det elastiska deformationsområdet övergår till det plastiska. Båda gränsvärdena valdes för 

att undersöka om det gick att urskilja en skillnad i tryckfördelningen innan och efter plastisk 

deformation, eller inte.  

Från resultaten av dessa kompressionstest var det tydligt att det fanns en skillnad i 

tryckfördelning före och efter den plastiska deformationen uppstått. De uppställda 

diagrammen visade att kurvorna var mycket annorlunda i båda fallen. Det var, dessutom, 

relativt tydligt att det fanns en skillnad i tryckfördelning beroende av om trycket var 

applicerat närmre mitten av paketet jämfört med om det var applicerat närmre kanten av 

paketet (enskilda kraftkoncentrationer vid mitten av förpackningarna och multipla 

koncentrationer vid kanten av förpackningarna). 

Genom att undersöka resultat från förpackningar gjorda av båda kartongkvaliteter, upptäcktes 

ingen tydlig skillnad i förpackningarna, då liknande trender uppstod i båda materialen. 

Slutsatsen drogs att BioTac kunde användas för att finna kraftkoncentrationer, skillnader i 

tryckfördelning, samt området för deformation. Detta betyder att BioTac-sensorn kan vara 

nyttig vid framtida experiment, för att objektivt utvärdera och definiera greppstyvhet, med 

metoder som finita-element-metoden. 

Nyckelord: Kartong, Förpackning, Tetra Pak, Tryckfördelning, Greppstyvhet 
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1 Introduction 

This chapter introduces the company, the term grip stiffness and explains the active project. 

1.1 The Company 

The outsourcer for this graduate thesis is Tetra Pak, AB a Swedish company which specializes 

in carton board packages for edibles and drinkables. They have become known all around the 

world for their package solutions. 

Starting in 1951, Tetra Pak established themselves in Lund, Sweden. The company was 

started by Mr. Ruben Rausing, as an ancillary of Åkerlund & Rausing, which also made 

package solutions for food. In 1952, newly founded Tetra Pak delivered their first machine, to 

produce tetrahedral packages, to the local dairy. This tetrahedral package was first used to 

hold cream. 
[1]

 

The carton board package containing cream was a success and the packaging solution grew to 

be increasingly popular. This lead to the installation of another Tetra Pak machine, this time in 

Stockholm, Sweden. Around this time, polyethylene was introduced as a liner on the inside of 

packages. This, along with a thin layer of aluminum foil, helped prevent the content to absorb 

flavors from the carton board, as well as to delay the content from becoming rancid.
 [1]

 

Larger tetrahedral packages were designed and a couple of years later, in 1956, the company 

was ready to move in to their new factory location in Lund, a location which is still in use 

today. The following year, milk was packaged in single-liter packages with the help of Tetra 

Paks’ new machine, installed in the dairy in Linköping, Sweden. 
[1]

 

Two years passed and a new cuboid format was in development. This was the Tetra Brik® 

package. Upcoming year, in 1960, marks the year that the first production facility outside of 

Sweden was started, which was built in Mexico. 
[1]

 

In 1963, development of the Tetra Brik
®
 was complete, which meant the release of this new 

package. At this point in time, the production capacity of carton board packages exceeded 2.7 

billion annually, for Tetra Pak. 
[1]

 

The company continued to grow, factories around the world were built and production 

capacities increased by the billions. As of 1973, the annual production capacity exceeded 11 

billion. Four years later, that number exceeded 20 billion packages. 
[1]

 

Tetra Pak proceeds to acquire Alfa Laval in 1991, which was one of the world’s largest 

equipment and plant suppliers to the food industry. This lead to the formation of the Tetra Pak 

Alfa Laval Group and the annual production capacity exceeded 61 billion units. 
[1]

 

A climate award was given to Tetra Pak in 2010 for their responsible efforts to keep the 

forests, where their raw materials come from, healthy and replanted. 
[1]

 

All of the company’s history can be read at their website; www.tetrapak.com. 
[1]

 

http://www.tetrapak.com/
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Today, even though the company started out in Sweden, the company headquarters is in 

Switzerland and they are a global business organization. Operating in 85 countries around the 

world, with more than 23 000 employees, they are the world’s leading package solutions 

company for edibles and drinkables. They have a large number of different formats and sizes 

of packages, based on what should be packaged as well as the required volume. 
[1]

 

The volume of sold contents held inside Tetra Pak packages equates to around 77.8 billion 

liters in 2016 and the total number of carton board packages sold, sums up to around 188 

billion. Their net sales in 2016 was about €11.4 billion. 
[1]

 

Their biggest competitors are Elopak from Norway and SIG from Switzerland. SIG started 

out as a railway carriage constructor, completely saddling over to food packaging in recent 

years, although they have had a foot within the sector since 1906. Elopak, on the other hand, 

started out as a carton board food packaging company, like Tetra Pak. 
[2] [3] [4] 

1.2 The Project 

A common goal for companies in the packaging industry is to find a way to objectively 

measure the grip stiffness of a package. If one could objectively determine the grip stiffness 

by using a scientific method, it would be easier to design a package that could satisfy a larger 

group of everyday consumers. A consumer that picked a product of the shelf of a store might 

have been inclined to buy that particular product if it was packaged properly, or if its 

packaging was better than the other options. Often, a consumer will judge the content of the 

package depending on the package itself, not necessarily the content within. That was why it 

became of importance to account for the grip stiffness of the package when selling a product. 

The problem with this is that grip stiffness is a subjective term and not easily measured in a 

laboratory environment 
[5]

 

The ongoing research project that this thesis was a part of was a scientific study, named “A 

New Model for Deformation of Carton Board Packages by Manual Handling”. 
[6]

 The 

purpose of that study was to develop a method to objectively measure the grip stiffness of a 

carton board package, without human interaction with the package. The aim was to, one day, 

be able to determine the grip stiffness, by only using the tools of a laboratory environment.  

Tetra Pak, wanted an objective method to assess the grip stiffness of their carton board 

packages, using a laboratory method without the need of an experienced panel survey.  

One approach towards finding a way to measure grip stiffness, was to see how a finger 

affected a package when applying pressure. These measurements would be accomplished by 

the use of a specialized Biomimetic Tactile sensor, aptly named BioTac made by the company 

SynTouch. At the start of the project (2017-03-27), it was not yet known if it could measure 

the distribution of pressure analogous to how a human using a finger would experience grip 

stiffness.  More information on the BioTac is presented in section 2.4.2 of this report.  

In order to assess the capabilities of the BioTac, a pressure sensitive film, model PreScale 

4LW from FujiFilm, was used to compare the distribution of pressure with the data recorded 

by the BioTac. The print of the sensor on the film would be mapped to the data from the 

BioTac to see if they measured the same thing. The film would be a less expensive way of 

measuring the pressure distribution, meaning that the sensory equipment must be able to 



 

Rev 16, 2017-06-29, M. Strindlund, A. Ekberg   3 (43) 

extract more data, such as graphs with timestamps. This, to enable the analysis engineer to see 

how the BioTac experienced pressure distribution over time.  

For this thesis, two types of packages with identical geometry and appearance had been 

provided by Tetra Pak. The key difference between the two was that they were made of 

different carton board materials, from different carton board qualities. These two package 

materials will be referred to as Material A and Material B. Four packages from each carton 

board quality were tested. 

The BioTac was attached to a uniaxial-tensile-testing machine, a Lloyd testing machine, 

model LR 5K. This machine was used to enable a repeatable and reliable environment, 

ensuring that all measurements were performed with the same precision. It also had an 

implemented program, named Ondio version 4.0, which measured the applied force, as well 

as how much the three-dimensional object was being compressed in the applied area.  

Furthermore, questions to be answered within this report would be whether or not there could 

be a difference in the position of the point of application, whether a difference could be seen 

when using packages made with carton board from two different manufacturers, as well as 

examining differences in the pressure distribution after the package had been deformed. If it 

was possible to see the same trends and behavior on the pressure sensitive film as in the data 

from the BioTac, then it would be concluded that the BioTac could measure the distribution of 

pressure on its own and could therefore be used for further measurements of grip stiffness. 

The results of these tests could in the future give the framework for studies and give a base to 

construct a model for deformation on a carton board package, with the use of, for example, 

the finite element method. 
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2 Background 

This chapter covers a more in-depth description of the term grip stiffness, as well as the 

industrial problem, our hypothesis, purpose, goal and formulation of research questions. 

Grip stiffness was a term, most often used to generally describe how stable something was 

when held in a hand.
[7]

 It is a very important aspect of a carton board package because it could 

have been the deciding factor when a consumer picked it off the shelf in the store, as well as 

how much food went to waste. For instance; if one could not pour the last of the content out 

of the package, because of the grip stiffness (or lack thereof) of the package, then one would 

simply have thrown the rest away. As a matter of fact, a study has shown that a portion of all 

the food that was bought went to waste, because "the food was hard to get out of the 

package".  

A machine might measure grip stiffness in one way, which may not correlate to the way that a 

human experience it. A machine could be much more sensitive than a human hand, which 

would result in two different outcomes of how a package really felt and behaved under small 

loads, like when a hand gripped the package. Also, in an ideal situation, machines could 

probably yield useful data for continuous applications of forces, resulting in insights into how 

the stiffness plays its role in package solutions. A machine could also log the data while a 

person could only describe experiences. 

One aspect of grip stiffness could be how the distribution of pressure acted on the surface of 

the package. Finding a way to measure the distribution of pressure could also give way for 

future studies to define the term and assess the structural integrity of a package. 

The BioTac was known to be used for the purpose of locating tumors by measuring shear 

forces, however it was not yet known how accurately it could measure the distribution of 

pressure on its own, without any auxiliary tools. 
[8] 

2.1 Hypothesis 

Since the BioTac sensor had several sensors spread out across its core, the hypothesis was that 

it would be possible to use it in order to measure the distribution of pressure acting on the 

surface on a carton board package. In order to determine if this was true, thus verifying the 

hypothesis, the authors placed a pressure sensitive film between the package and the sensor 

when measuring. 

The film would then reveal the true distribution of pressure acting on the surface of the 

package in the form of darker areas where the pressure was higher than the surrounding area. 

The data from the BioTac could then be compared to the film to see if they were measuring 

the same thing. 

This comparison would analyze if the electrodes that gave a result were grouped in the same 

manner as the darker areas on the film. If so, it would show that the BioTac really did measure 

the pressure distribution. 
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2.1.1 Purpose 

The purpose with this thesis was to, with the use of the BioTac sensor and a pressure sensitive 

film, measure and analyze the distribution of pressure that the BioTac, having the approximate 

size and shape of a human finger, had on a carton board package with different points of 

application. This was to analyze the equipment based on what the BioTac sensor was 

measuring. 

2.1.2 Goal 

 In a laboratory environment, conduct measurements of pressure distribution with the 

use of BioTac sensor and a pressure sensitive film.  

 Analyze how packages, made from different materials, affected the distribution of 

pressure. 

 Analyze what affected the results of the BioTac measurements. 

2.1.3 The Issues 

 What did the distribution of pressure look like, after deformation had occurred in the 

package? 

 How big of an impact did the point of application have on the results from the BioTac 

measurements? 

 Did the material of the package affect the distribution of pressure, after a deformation 

had occurred? 

2.2 What Others Have Done Previously 

Biomimetic tactile sensing is a subject that has been studied in many different fields.
[9-12]

 The 

goal of many of these studies was to, one day, be able to eliminate the need for a person to 

interact with an object. This would allow complex operation, where a human touch was once 

needed, to be performed using only machines and sensors. For instance, a robot holding an 

object needed to know if the object was being crushed in its hands or if it would slip through 

its grasp. Furthermore, research had been made to give mechanical equipment the full sensory 

capabilities of a human finger.  

This would have allowed machines to measure how consumers, for example, perceived 

textiles, paper and leather. This could be used to justify marketing claims about how a product 

felt, or conduct research and development without the need for consultants or focus groups, 

both of which could be expensive. 
[13] 

As the experiments conducted within this graduate thesis only used a single finger, the 

contraption could not grip the packages. 

A study with the purpose of determining if the BioTac could be used to locate a fabricated 

tumor was made.
[8]

 The aim with this study was to see if the sensor could replace a persons’ 

touch and still be able to accurately find the tumor. This would allow the use of mechanical 

equipment in surgeries, when a doctors’ hand was required to locate tumors in patients' 

bodies. In order to determine the sensitivity of the BioTac compared to a humans touch, a test 

group of ordinary people was formed. They were then told to find the fabricated tumor under 

a skin-like material. The results showed that, on average, the test group had an 85% success in 
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pinpointing the location of the phantom tumors, while the BioTac had 70% accuracy. 
[8]

 

A previous study has been conducted, focusing on compressive strengths in corrugated 

paperboard boxes.
[14]

 The objective of that study was to evaluate stiffness and how it affected 

compressive strength and deflection in the paper board boxes. It was then concluded that the 

surface upon which the box was placed, had a significant impact on its compressive stiffness.
 

A published paper, written by Jian S. Dai and Ferdinando Cannella,
 [15]

 studied the stiffness 

characteristics of creases in carton board packages, specifically during folding and raising of 

carton board packages. It was then concluded that the maximum stiffness in the crease was 

largely dependent on the creases’ folding angle. This could be of importance when measuring 

grip stiffness, as the folding angle of the crease could have been changed as the package was 

compressed. 
 

In a previous study, focusing on the fracture behavior in laminated carton board,
 [16]

 two types 

of delaminative tests were conducted to evaluate the interface properties of carton board. It 

was noted that, in contrast to many other material systems, crack growth in laminated carton 

board was stable and gradual, specifically in the materials’ out-of-plane direction (ZD). The 

directions and the coordinate system, commonly used in carton board technologies, are 

described further in the upcoming chapter. This study could prove to be of importance in 

further experiments, as a deformation, caused by an interaction with a package, could cause 

delaminations within the package material.  

In a study surrounding precision grip, written by Karl Wessel and others, 
[17]

 perturbations in 

grip precision while gripping compressible manipulandums, was explored. This study focused 

on two different groups, with two closely related albeit different movement disorders, to see 

how grip controls were affected by patients diagnosed with two forms of Ataxia. This could 

prove useful when designing packages for a multitude of consumers, as greater stiffness could 

mitigate slower motoric responses, caused by movement disorders. Grip control impairments 

could also be a factor when experiencing grip stiffness.  

Grip stiffness could be a combination of the size, volume, hardness and how easy it was to get 

a firm grip of the package.
 [18]

 The stiffness of a package is also dependent on the geometry of 

the indenter. This was discovered in a study where different geometries was tested. A 

spherical geometry causes a collapse of the package in a stable manner compared to a 

cylindrical shape. An indenter could be seen as the finger of a consumer and understanding 

how a package is distributing the pressure from a finger could provide insight in designing a 

package in the future. Thus, measuring the distribution of pressure acting on the package 

could be an aspect in measuring the grip stiffness itself.  

Thus it became of interest to see if the BioTac could detect the same properties of a package 

that a finger would.  



 

Rev 16, 2017-06-29, M. Strindlund, A. Ekberg   7 (43) 

2.3 The Technical Field 

This thesis revolves around carton board physics and how different loading scenarios affects 

paper board product performance and the strength of materials, while a load was applied. The 

primary technical fields are materials science, physics and strength of materials. These 

specific fields are included in the overall technical field of Mechanical Engineering. 

2.4 Theory 

This chapter explains the underlying knowledge required to understand the process in which 

the problem was solved in.  

2.4.1 Carton Board as a Material  

Carton board is an orthotropic material, which means that its mechanical properties changes 

depending on in which orthogonal direction stress, or strain, is applied. 
[19]

 Carton board can 

be described as a continuous material, due to fibers running throughout the material. These 

fibers are usually pointed at the same direction, called the machine direction or MD. If strain 

is applied to the MD the carton board will exhibit high strength. However, if strain is applied 

to the cross direction, commonly referred to as CD, its strength will be compromised. Carton 

board also have a third direction called ZD, which is the direction in which all the layers of 

carton board is stacked. ZD usually runs out of the face of the carton board. When subjected 

to recursive stress/strain tests, the carton board proved to be more than twice as strong in its 

MD, compared to its CD and hundred times stronger than its ZD direction. An explanatory 

image to all carton board directions is illustrated in Figure 1. 
[20] 

 

Figure 1: Carton board coordinate system. Figure courtesy of Kaarlo Niskanen, NMT Mid Sweden 
University. 

The mechanical properties of carton board are not much affected by temperature, however it 

is much more sensitive to moisture. Water acts as a softener of carton board and when applied, 

the bounds that hold together the fibers will dissolve, causing its mechanical properties to be 

severely diminished. 
[19] 

2.4.2 BioTac Sensor 

The BioTac sensor is a biomimetic tactile sensor designed to look and feel like a human 

fingertip. It consisted of a bone-like core that held several electrodes and was covered by an 

elastic polymer, filled with a conductive liquid. The core was made to both simulate the bone 

structure of a finger, as well as to hold the electrodes that picked up sensory information. 

There were 23 electrodes integrated in the core, whereas four of these were for reference.  
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The electrodes were labeled as numbers ranging between 1 – 19 and the four reference 

electrodes were marked as X1 – X4, to differentiate them from the rest. All electrodes could 

be seen in Figure 2. 
[21] 

 

Figure 2: BioTac Electrode Locations Schematic. Picture courtesy of Jeremy Fishel, SynTouch Inc. 

The elastic material, draped over the finger, was similar to that of human skin in its texture 

and thickness. This was particularly useful to simulate a human finger, as closely as possible. 

The sensor had desirable mechanical features when it came to measure the touch of a finger 

while objects were manipulated. BioTac could be used for detecting a wide range of sensory 

information, like vibration, heat and compressive forces. The data from these sources could be 

used to determine the point of contact, estimate tri-axial forces and detect slip. When a force 

was applied to the sensor, the skin would deform and the conductive fluid within would be 

displaced. Thus the contact area would change. These changes were then picked up by the 

BioTac by measuring the electrical resistance between the skin and the electrode.  A higher 

force acting on the BioTac would displace the conductive fluid resulting in a shorter path for 

the voltage, thus causing a low electrical resistance. 
[21]

 

 

Figure 3: BioTac, with a transparent skin. Picture courtesy of Jeremy Fishel, SynTouch Inc. 

In this thesis the authors performed measurements using a single sensor, representing one 

finger. This meant that it could not properly hold a package like a hand would. For the 
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following experiments, holding a package was not needed. The authors would only assess the 

tool itself, in its capabilities of measuring the distribution of pressure. For that, the authors 

only needed a single sensor. 

2.4.3 Enclosed Systems 

The conductive fluid surrounding the BioTac core was contained in an enclosed system. What 

this meant was that the volume of fluid remained unchanged throughout measurements. The 

term used for a system like this is an isochoric process and it relates to the thermodynamic 

general equation of state, which is an equation used to describe the state of matter under a set 

of physical conditions. In this case it could be used to show that when measuring over an area, 

the total pressure would be the same, as long as the same point of application and force was 

used. For instance, if an area was measured to show pre- and post-deformation of the package, 

the pressure that a single electrode was experiencing would be different. The total pressure 

would, however, have remained the same. 
[22] 

2.4.4 The Pressure Sensitive Film 

The FujiFilm pressure sensitive film was a tool that was used to map out the distribution of 

pressure over an area. The fields in which the film could be used are broad and the 

manufacturer of the film mentions fields, ranged from vehicular to mobile phones. 
[23]

 

The film used in this thesis consisted of two separate pieces needed to be put together when 

measurements were performed. One of the pieces was a transparent plastic film with small 

capsules, filled with a reactive chemical substance. The other film was a white sheet that 

reacted with the chemical from its counterpart, marking it with ruby red dots wherever the 

capsules had broken. 
[24]

 

The film functioned simply by putting both parts together and placing them between the 

objects that were supposed to be measured. When pressure was applied the capsules burst, the 

chemical spilled onto the absorbent film and a reaction begun, that produced a reddish color. 

With a higher pressure, more capsules burst, which produced areas with different 

concentrations of color on the film, which in turn produced darker hues of red. The color 

distribution mapped out the concentration of forces, see Figure 4. If one area of the absorbent 

film had a higher concentration of color, it meant that this particular area had experienced 

higher pressure than the rest. 
[25]
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Figure 4: The fresh print of lab air. A showcase of pressure distribution, from a finger, on the pressure 
sensitive film. 

2.4.5 Interpretation of Data 

To get an understanding of how one would interpret the data acquired, the same principle as 

described in Tore Dahlberg’s book Teknisk Hållfasthetslära would be used. In the case of this 

thesis, force-compression diagrams were examined, although the diagrams in Dahlberg’s book 

showed a force-elongation diagram. The underlying principle of how diagrams were to be 

interpreted would be the same, however, regardless of whether the diagram showed 

compression or elongation. 
[26]

 

The connection between force and compression was (of course) that, as more force was 

applied, the more the package would have been compressed. As long as there was a steady 

increase in force and the object was within its elastic state, the object would retain its shape, 

without deformations, as the load was removed. It was during this phase in the diagram that 

the greatest slope was achieved. 
[26] 

When the package reached its maximum elastic load-bearing capability, the diagram would 

reach a phase were the slope would change drastically. A large increase in compression would 

be achieved through a minor change in force. This was the moment that plastic deformation 

would have occurred. 
[26]
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3 Method and Structure of Experiments 

This chapter focuses on the steps taken to form a hypothesis, verify and validate the 

hypothesis and predictions. 

For this thesis, a quantitatively oriented method was used to break down the problem and 

analyze it. The authors set a hypothesis about how the distribution of pressure could be 

measured with the BioTac. This was then tested by planning experiments that would 

potentially show a correlation between the shape of the print from the BioTac and its 

numerical data.
[27]

  

At the start of the project a literature study was made to gather information on what others 

have done before, as well as how the BioTac functioned. The information related to this thesis 

can found in chapter.2.4 

3.1 Hypotheses and Predictions 

When the BioTac was used in an experiment it was pushed down unto an object. The results 

of such experiments revealed different values for each electrode, depending on how the 

BioTac made contact with the object.  

A softer material would probably show a much more evenly distributed force across the 

electrodes, as the package underneath was deformed around the sensor and therefore resulting 

in a larger contact area. A much sturdier material would, most likely, not deform as much and 

the contact area would be smaller than in a softer material, causing regions of highly 

concentrated forces.  

The hypothesis was that the BioTac could measure the distribution of pressure, without the 

use of additional tools or equipment. It would be able to tell if it was measuring at the middle 

of a package or on the edge and if the package was damaged or not. 

To test this hypothesis, the pressure sensitive film would be placed in between the BioTac and 

the package. When the experiments were performed, the print on the film should reveal the 

actual distribution of pressure that acted upon the surface of the package, so it could be 

compared to the data gathered from the BioTac.  

One prediction is that the electrodes that showed an increase in pressure should be grouped 

together if the print shows only one area where the pressure was concentrated. If the print 

shows two areas, then the electrodes that had an increase in pressure would be distributed in 

two areas.  

The other prediction is that there should be clear differences between the data from a test 

where the package is being damaged compared to a test made on a package after it has been 

damaged. The print should reveal where the damage on the package was made and the data 

from the BioTac will be analyzed to see if it could locate the damaged area in the before and 

after test. 
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3.2 Implementation of Experiments 

This chapter will focus on describing how the method was implemented and the steps taken to 

produce measurable results 

3.2.1 The Required Force  

The eight packages had a volume of 180 ml and they all were filled with water. A joint ran 

along the backside of the package, illustrated in Appendix B: Package Geometry. When 

measurements were performed, this side would be facing down in order to avoid the imprint 

of the joint to appear on the pressure sensitive film, which would effectively have rendered 

measurements useless. 

By weighing the package, the mass of the package was easily found. The normal force, which 

was the minimum force required to uphold the package, was then calculated as in Equation 1. 

The weighted package had a mass of 183 grams. 

𝐹 = 𝑚 ∙ 𝐺;𝑚 = 183𝑔, 𝐺 = 10
𝑁

𝐾𝑔
⇒ 𝐹 = 183 ∙

1

1000
∙ 10 (𝑔 ∙

𝐾𝑔

𝑔
∙
𝑁

𝐾𝑔
) = 1.83𝑁 

Equation 1: Required Normal Force. Minimum force required to uphold the entire package. 

In order to lift the package, the force required must have exceeded the normal force. This 

meant that a force higher than 1.83N was needed to lift it. So, a perfect force to use during 

measurements should have been 2N, as it was slightly above the normal force. This could 

have been seen as the minimum required force. Although the focal point did not lie in lifting 

the package, this force still had to be known, as all measurements were meant to simulate 

what happened when the package would have been lifted. 

The issue that occurred upon using the minimum required force, was that no print would have 

been left on the pressure sensitive film and, thus, yielding no usable information. It was then 

decided that a higher force was to be used, although the force must not have exceeded the 

limit that the package could have upheld, which would have broken the package. The 

breaking point of the carton board packages did lie between 7N and 9N. A factor of three 

times the minimum force required, equivalent of 6N, was at a perfect spot so that the film 

yielded crisp prints, while not pressing the package to its breaking point. The force would also 

be equivalent to a real world scenario, if the coefficient of friction was assumed to be, 

approximately, 0.3. 

Previous studies had been made, regarding movement disorders proved that a perturbation of 

grip precision and grip force control had been present in diagnosed patients. 
[17]

 The authors 

concluded that an impairment in grip force control was present in both groups. A longer 

response time, between application of the force and the patients’ active intervention, could 

prove to damage packages if the threshold of the packages’ strength was exceeded. This was 

yet another reason as to why a force, three times the minimum required force, would be used. 
 

3.2.2 The Pressure Sensitive Film 

The film consisted of two halves, both of which had to be used in conjunction with the other 

to extract valuable information. Both halves were cut from separated rolled sheets using 

scissors, as previously described.  
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The pressure sensitive film would be placed in between the BioTac sensor and the surface of 

the package. This would leave a finger-like print of the BioTac on the film. The print would 

map out how the package absorbed the applied forces.  

 

Figure 5: Placement of the film. 

After the test phase was complete, the pressure sensitive film was transferred onto a table and 

was laid to rest there, to enable the chemical reaction to produce as crisp of a print as possible.  

3.2.3 The points of Application 

Points of application for the sensors were marked on the surface of the package. Due to the 

geometry of the package it could be seen as a symmetric cuboid object, in which any pair of 

opposing sides had almost identical appearance. This also meant that it was only necessary to 

place points of application within a single segment, on a single side to cover as much surface 

area as possible. Four points were then placed into this chosen segment, as shown in Appendix 

C: Points of Application. 

Two points were placed on the vertical line in the middle and two points were closer to the 

edge of the package. This gave a comparison in how the forces behaved closer to the edge and 

the middle of the package. 

These points would be submitted to the relatively low force of 6N, which ensured that no 

deformation would have occurred in the package. There might, however, still have been 

deformations that occurred within the fabric of the carton board when the tests were 

performed, despite the low force used. These micro-deformation might have had an impact on 

the result. In order to avoid any artifacts caused by this, the measurement order was 

randomized. This was to give a wider range of results that provided a solid average of both 

measurements from the BioTac finger, as well as from the Lloyd machine. 

The tests were performed in a temperature logged laboratory environment using the 

aforementioned tools. The logs can be seen in Appendix N and O. Firstly, even before any 

tests could start a small schematic map, which marked how all the packages should have been 

placed in the Lloyd machine to easily get repeatable tests, was drawn. This schematic was 

drawn on paper using measurements to, as closely as possible, match the package dimensions, 

see Appendix D: Schematic Map of Placement. 
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As soon as this schematic was completed and lightly tested, by placing packages in all marked 

spots, the tests could be started. As a final preparation for the tests, the schematic was taped 

down onto the Lloyd machine and the testing commenced.  

A routine was established, ensuring that the tests should be repeatable. Firstly, the package 

was placed on the bench of the uniaxial-tensile testing machine, the film was laid on top of it, 

the BioTac would be pressed down to a set amount of force and was then lifted up when the 

limit was reached and lastly both the film and the package was carefully removed. For a more 

in-depth description of the routine, refer to Appendix E: Testing Routine. 

All that remained was to compare the results and analyzing the data. 
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4 Results 

4.1 Measurements with 6N on Carton Board made of Material A 

This chapter presents the results from measuring the pressure distribution on a package, made 

from Material A. 

4.1.1 Application Point A and B  

 

Figure 6: Application points, Point A and Point B. 

The first point of application, Point A, on the middle of the packages gave an image of the 

pressure distribution on the surface. The pressure distribution held the shape of a raindrop, as 

illustrated in Figure 7. The concentration of pressure were centered in the middle of the 

circular area as seen in Figure 8.   

 

Figure 7: From left to right are the packages 1, 2, 3 and 4. All of the measurements was performed on 
Point A on a package made of Material A. 
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Figure 8: The print is from package 2 on Point A. The green circle shows where the pressure was 
concentrated. In this case the pressure was centered where the tip of the BioTac sensor first touched 
the package. 

The BioTac measured the electrical resistance over all electrodes in its core. When the values 

were "normal", meaning that no pressure was applied, they were represented as straight lines 

in a graph. When one electrode experienced an increase of pressure, it was shown as a 

decrease in value in the graph. Thus, the electrodes experiencing higher pressure, than their 

surrounding electrodes, were the ones that had a sharp drop. As pressure was relieved from 

the BioTac, the values from each electrode smoothened back out, into a horizontal line.  

 

 

Figure 9: Each line on the graph is the average value of one specific electrode in the BioTac. This 
graph gives us an image of how the force is divided among the electrodes shown as data rather than a 
print of a finger on a film. On the x-axis are the timestamps [10

-2
 S] and on the y-axis are the electrical 

resistance [Ω] within the BioTac sensor. E1 through E19 are electrodes within the sensor. 
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Some electrodes experienced a slightly higher electrical resistance than others, shown as lines 

that initially start to increase in the beginning, illustrated in Figure 9.As mentioned before, a 

lower electrical resistance means a higher force. Does this mean that the electrodes that show 

a higher resistance is experiencing a negative force? The answer to that is no. The reason why 

they were experiencing a higher resistance, than they initially had, was due to the conductive 

fluid in the sensor was being displaced. As one area of the sensor was squeezed together, the 

fluid accumulated in a different location and, therefore, added more electrical resistance to 

another electrode. Figure 10 illustrates the deformation of the skin when pressed against an 

object. 

 

Figure 10: This figure shows the BioTac sensor in two different states. The first (1) is its resting state 
and the second (2) shows the sensor in a state when it touches an object. The deformation of the 
elastomeric skin and displacement of fluid within the BioTac sensor can be seen in the second state. 
The electrodes placed in the back of the sensor in the second state would show an increase in 
resistance despite not being in contact with the object, due to the increase in conductive fluid. 

The electrodes that consistently showed higher force during tests, of the first point of 

application, were number 7, 8, 9, 10 and 17, as seen in Figure 9 above. These electrodes were 

also grouped close together at the tip of the BioTac, as seen in the layout in Figure 11 below. 

This showed that there was a correlation between the shape of the print and the data recorded 

by the BioTac. 

 

Figure 11: The red ring in the picture encircles the electrodes that show significantly higher pressure 
during measurements of point A. They are placed at the tip of the BioTac. 
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As noted, the notation of electrodes differ. In the diagrams, they are referred to as E1 through 

E19, but in Figure 11, they are referred to as simple Arabic numerals. This is due to the figure 

coming from a previously written article, written by Jeremy Fishel, whereas our diagrams 

were constructed with our own notation. 

The second point of application for the BioTac sensor, Point B, gave similar prints on the 

film, as shown in Figure 12. This was because Point B was on the same vertical line as Point 

A that ran through the middle of the package, from top to bottom. See Appendix C: Point of 

Application. 

 

Figure 12: The point of application was placed closer to the top of the package.  

Scans of Point B showed the same concentration of forces in the middle of the circular area, 

highlighted by a green circle in Figure 13. 

 

Figure 13: Print from Point B. The green circle shows where the forces were concentrated. 

The difference was that Point B was placed closer to the edge of the package, near the top. 

This made the surrounding material stiffer and caused less deformation at that point. This 

could be seen in Figure 14, which showed a higher average value of electrode 10, compared 

to the average value of Point A. 
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Figure 14: In this case electrode 10 (E10) showed a higher pressure value, when compared to 

the results from Point A. This was because Point B was placed at the edge near the top of the 

package, thus making the package stiffer. On the x-axis are the timestamps [10
-2

 S] and on the 

y-axis are the electrical resistance [Ω]. 

4.1.2 Application Point C and D 

 

Figure 15: Application points, Point C and Point D. 

Point C was closer to the edge of the package. The prints on the pressure sensitive film from 

that point, therefore, showed two areas of force concentrations, as seen in Figure 16 below.  

 

Figure 16: These prints where taken when performing measurements on Point C. From left to right are 
the prints of package 1, 2, 3 and 4, in that order. 
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The pressure was now divided into two areas as could be seen in the green circles in Figure 

17. The first area was the same as it were in Point A and Point B, measured predominantly by 

the tip of the BioTac sensor. The second area of concentration, located at the edge of the 

package, could be seen as the smaller green circle in Figure 17. 

 

Figure 17: Two force concentration areas. The large green circle was made by the tip of the BioTac. 
The smaller green circle highlights the pressure applied to the edge of the package. 

Data gathered from the BioTac sensor, as seen in Figure 18, revealed a spike in pressure at the 

location of electrode 17. Judging by the layout of the electrodes, it could be seen that 

electrode 17 was located closer to the edge than the others that showed an increase in 

pressure.   

Figure 18: the graph is the average value gathered from measurements on point C that is located 
closer to the edge of the package. Note how the electrode 17 (E17) has a registered a higher value 
throughout the tests. On the x-axis are the timestamps [10-2 S] and on the y-axis are the electrical 
resistance [Ω]. 

  



 

Rev 16, 2017-06-29, M. Strindlund, A. Ekberg   21 (43) 

The Fourth point of application, Point D, was placed on the same horizontal line as Point C. 

Due to its placement closer the corner, near the top, this caused it to be stiffer than the other 

points. However, consistent with what was observed from Point C, the prints showed two 

areas of concentration and electrode 17 had a higher pressure value. See Figure 19. 

Figure 19: Average value gathered from measurements on Point D, located closer to the corner of the 
package. Note how electrode 17 had registered a higher value throughout the tests. The same could 
be seen in measurements on Point C (Electrode 17 is shown as a blue line in this diagram). On the x-
axis are the timestamps [10-2 S] and on the y-axis are the electrical resistance [Ω]. 
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4.1.3 Variety in Results Between the Points of Application (Material A) 

Figure 20: This graph shows how much each test varied from each other during measurements of 
Point A and Point B. The Y-axis was a measurement of electrical resistance from the BioTac, at each 
electrode. A high force was represented by a low value. The X-axis were the electrodes in the BioTac. 

Figure 20, above, showed the maximum amount of pressure each electrode experienced, 

during the measurements of Point A and Point B. As seen, there were clear trends in the 

measurements, as the points were grouped closely together.  

Electrodes 7, 8 and 9, who were close together at the tip of the BioTac had evenly distributed 

pressure amongst them, with values ranging from ca. -400 down to ca. -900, with a tight 

spread in each electrode. Electrode 17 showed the lowest recorded electrical resistance of ca. -

900 down to ca. -1000, closely followed by electrode 10.  

Moving to Point C and D, closer to the edge of the package. Notice how electrode 17 had a 

significantly lower value than the others. Electrodes 7, 8 and 9 were still grouped close 

together and they showed a lower value compared to what they did in Point A and B. The 

same occurred with electrode 10, although values from this electrode had dropped. See 

Figure 21.  
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Figure 21: This graph shows how much each test varied from each other during measurements of 
Point C and Point D.  

Because the concentration of pressure was divided into two areas, as seen in Figure 17, the 

electrodes at the tip of the BioTac must have experienced a lower force than before. Electrode 

17, which was located closer to the edge must, therefore, have carried the load at the smaller 

concentration of forces.  
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4.2 Measurements with 6N on Carton Board made of Material B 

This chapter presents the results from measuring the pressure distribution on a package, made 

with material from Material B. 

4.2.1  Application Point A and B 

There were no visual differences in pressure distribution between the packages, made of 

material produced by either Material A or Material B, on the film. As expected, they behaved 

in similar fashion when forces were applied. Figure 22 and 23 showed the same raindrop 

shape print observed on the packages made from Material A. 

 

Figure 22: From left to right are the packages 1, 2, 3 and 4. All of these measurements were 
performed on Point A, on a package made with Material B. 

 

Figure 23: From left to right are the packages 1, 2, 3 and 4. All of these measurements were 
performed on Point B. 

The pressure, at Point A on the package, was evenly distributed by the same electrodes that 

were centered in the most circular area of the raindrop shape. The prints can be seen in Figure 

22 and Figure 23.  
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Figure 24: Average value of data recorded during measurements on Point A on a package made with 
Material B. On the x-axis are the timestamps [10

-2
 S] and on the y-axis are the electrical resistance 

[Ω]. 

 

Figure 25: Average value of data recorded during measurements on Point B. On the x-axis are the 
timestamps [10

-2
 S] and on the y-axis are the electrical resistance [Ω]. 

Note that on Point B, as seen in Figure 25, electrode 10 had registered a higher force, like 

what was measured in chapter 4.1.1. Thus, the point of application showed consistent 

behavior in its pressure distribution and was not affected by the material of the package.   

4.2.2 Summary of Measurements for Material B 

The results from measurements on packages, consisting of Material B, revealed that there 

were no significant changes in how pressure was distributed, compared to the results from 

previous chapters.   
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The spread in the results were also consistent with the measurements on the packages, made 

from Material A. As could be seen in Figure 26 and Figure 27, when the point of application 

was placed close to the middle, the forces were more evenly distributed. When the point of 

application was placed closer to the edge, electrode 17 received a spike in pressure. 

 

Figure 26: The graph shows the spread in the results of all the measurements on the packages, made 
with Material B, on the application Point A and B. 
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Figure 27: This shows the spread in the results of all the measurements on the packages, made with 
Material B, on the application Point C and D. Compared to Figure 26, electrode 17, located closer to 
the edge, experienced higher pressure during the tests. 

One thing that was seen throughout all tests on packages made from both Material A and 

Material B, was that electrode 17 showed a higher pressure when the point of application was 

placed close to the edge of the package.   
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4.3 Deformation Tests with 12N 

This chapter presents the results from the deformation tests on packages made from both 

materials. These tests were done as the packages experienced deformation. 

During the tests the BioTac was gathering data while the packages were submitted to a load 

that, ultimately, caused a lasting deformation on the edge. By studying the prints from those 

tests, the location of where the deformation occurred could be estimated.  

 

Figure 28: 12N tests on packages made of Material A. From left to right: package 1-4. 

 

Figure 29: 12N test on packages made with Material B. From left to right: package 1-4. 

When load was applied to the package it started to deform to the BioTac, which gave an 

increasingly steeper curve on the graphs. When the load was relieved from the packages, they 

regained their original form, causing the curve to straighten back out, into a horizontal line. 

However, if there was a plastic deformation in the package it would be shown as a sudden 

drop in the force and an increase in elongation / compression. Knowing this, the exact 

moment when deformation occurred in the package could be estimated, as illustrated in 

Figure 30. 
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Figure 30: A sample from one of the tests. The Y-axis shows the force applied, with the maximum force 
of 12N. The X-axis shows how much the package was compressed under the sensor. The red ring 
highlights the moment of plastic deformation. 

By converting the force/compression diagram to a force/time diagram, it was also possible to 

estimate the time of deformation. 

 

Figure 31: From the same tests as Figure 30 above. The difference is that the x-axis has been 
converted to show the timestamp of the test. 

As seen in the graph above, the time of deformation occured around 22s. There was also a 

second deformation, occurring shortly thereafter, around the time of 23s. 

Previously, it was stated that the electrode registering the highest pressure, close to the edge, 

was number 17. In the deformation tests, all active electrodes were placed closer to the edge 
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of the package, it could be observed that electrode 17 was experiencing a higher pressure. Its 

curve dropped down, ahead of the other electrodes in its proximity, as seen in Figure 32. This 

was a trend that could be observed across all packages, disregarding who made the material 

for them. 

 

Figure 32: Note how electrode 17 (E17, the blue line in the graph) has a higher value in the beginning 
ahead of the others. It also mimicked the shape of graphs 30 and 31 above around the time of 
deformation. On the x-axis are the timestamps [10-2 S] and on the y-axis are the electrical resistance 
[Ω]. 

In Figure 31, it stated that two deformations occurred around 22 and 23 seconds. In Figure 

32, one could observe that electrode 17 absorbed most of the pressure, before seeing a sudden 

drop in its load bearing, around 22 and 23 seconds. Afterwards, it was converted into a 

rounded curve, while the other electrodes in its proximity continued to experience the 

pressure. 
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4.4 Pressure Distribution After Deformation of the Package 

This chapter presents the pressure distribution on the package, after deformation had 

occurred. 

 

Figure 33: The picture shows the how the pressure acted on the surface of the package, after 
deformation had occurred. 

The pressure was no longer evenly divided on the surface. As could be seen in Figure 33, 

there was a large gap between the edge and the tip of the BioTac. This was due to a pre-

existing deformation, caused by the aforementioned tests in chapter 4.3 and it immediately 

gave way to the sensor, when it was pressed down on the package. The difference in pressure 

distribution is shown in Figure 34, below. 

 

Figure 34: On the left is a print from a test when deformation occurred, as described in chapter 4.3. 
On the right is a print from a test, where the package already had been deformed. 

The force/compression diagram now showed a smoother curve where the force steadily 

increased until the load was removed. It indicated that no further deformation occurred, 

during the test.  
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Figure 35: Diagram over force/compression after plastic deformation. The y-axis shows the force that 
was applied and the x-axis shows the compression under the sensor. 

Data gathered by the BioTac now showed how electrode 17 had a round curve in its 

appearance, whereas it previously had a sharp increase in pressure, before the package finally 

broke. This behavior was seen across all packages, made from both materials. This could be 

seen in Figure 36. 

Figure 36: Electrode 17 (E17), the deep blue line in the graph, now has a much lower value and a 
more rounded appearance. On the x-axis are the timestamps [10

-2
 S] and on the y-axis are the 

electrical resistance [Ω] 
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4.5 Total Pressure of Pre- and Post-Deformative Tests 

Displayed in Table 1 and Table 2 are the total pressure recorded in the BioTac sensor, during 

deformation tests. Note that the range in values between the pre- and post-deformation, on 

packages made with Material B, were much smaller than the packages in Material A. The 

column with the title “difference” displays the post-deformation value subtracted from the 

pre-deformation value.  

Table 1: Value ranges in packages, using carton board made from Material A. DEVATION shows how 
much each material deviated from the average values calculated from measurements.  

Material A PRE-Deformation POST-Deformation Difference 

MAX 795 761 34 

MIN 746 736 10 

MEDIAN 775 736 39 

DEVIATION 24,48639078 12,5 11,98639078 

Table 2: Value ranges in packages, using carton board made from Material B. 

Material B PRE-Deformation POST-Deformation Difference 

MAX 803 796 7 

MIN 743 741 2 

MEDIAN 779 771,5 7,5 

DEVIATION 28,36664708 23,33809475 5,02855233 
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5 Discussion 

In order to properly analyze the data, Point A was established as a point of reference, to which 

all the other tests would be compared. Point A was chosen because it only had one area of 

pressure concentration, which made it easier to map the corresponding electrodes to that 

point. In addition, it was placed in the middle of the package and thus the edges and corners, 

which are stiffer than other sections of the package, had the smallest effect on the results. This 

point also showed consistent outcomes from the measurements.  

 

Figure 37: Point A, the red dot, was the point of reference. The green dots were the other points of 
application. 

When the BioTac was placed on the middle of the package, it showed a relatively even force 

distribution on a few electrodes; 7, 8, 9, 10 as well as 17. The layout of the electrodes, seen in 

Figure 39, revealed that they were grouped closely together, at the tip of the BioTac.  

 

Figure 38: Print from Point A. This figure can also be found in Chapter 4. 
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Figure 39: The electrodes that showed higher pressure during measurements from point A are 
highlighted in the red ring. This figure can also be found in Chapter 4. 

5.1 Results From Point C 

Previously, at the reference point, the electrodes with the highest recorded value was all 

gathered at the tip of the BioTac finger. They were 7, 8, 9, 10 and 17. When the BioTac was 

placed on the edge at Point C, on the edge, the prints showed two small areas where the forces 

were concentrated, see Figure 40. 

 

Figure 40: Print from Point C. Two concentration of forces are encircled. 

Studying the data from that point, electrode 17 had an increase in pressure while the others 

had a decrease, compared to the reference point. With this, alongside the layout of the 

electrodes, it could be concluded that electrode 17 must have been located close to, if not on 

the edge, which made it experience an increase in pressure during tests. This strongly 

suggested that the BioTac did, indeed, find the other area of concentration, as seen on the print 

in Figure 40. 

The reason why electrode 17 had higher value during the tests could possibly be because it 

stood alone, in carrying the load, while the other electrodes had forces divided amongst them, 

since electrode 17 always showed the highest value during tests. It was good reason to believe 

that this was the area where deformation would occur, since it would have reached the 

breaking point before the others. 
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5.2 Pinches During Deformation 

The prints on the film showed a small gap where the edge of the package would have been. 

This was most probably due to the packages’ edge collapsing and pinching the sensor, 

resulting in two very highly concentrated areas, with the small gap in between, as showcased 

in Figure 41. This gap was a strong indicator as to where the deformation occurred on the 

edge. 

 

Figure 41: A print taken during deformation tests. The green rectangle shows the gap where the 
package had deformed. 

5.3 Results of Deformation 

The prints from the deformation tests still showed two main areas where the forces had been 

concentrated. One was located at the tip of the BioTac finger and the other was located on the 

edge. 

 

Figure 42: A print from a deformation test. Green circles highlights force concentrations. 

The data from the BioTac revealed that electrode 17 had begun to absorb the bulk of the 

pressure at the beginning, but stopped halfway through the test while the other continued on a 

steady line until they reached 12N.  

Studying the curve, given by electrode 17, revealed small inconsistencies before it stopped 

absorbing pressure. The corresponding force/compression diagram to those tests showed the 

same inconsistencies. This could be seen in Figure 43. 
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It was known that these points, on the force/compression diagram, were where the 

deformation occurred, and the data from the BioTac mimicked the appearance from the 

diagram. This strongly suggested that it was possible to only use the BioTac to determine 

whether or not a deformation had occurred in the package.  

 

Figure 43: A graph showing synchronized data from both BioTac and Lloyd. 

The graph shown in Figure 43, showed that both the BioTac and the Lloyd testing machine 

could register the deformation and did so at the same time. The slight offset in the graphs 

could be because of a small error when combining them. Disregarding the offset, it was seen 

that the resemblance between both curves in Figure 43 indicated a strong connection.  

Thus, it could be concluded that deformation occurred in the location of the electrodes that 

showed a steep increase in pressure, before the other electrodes. This was how the position of 

deformation could be located, using the BioTac instrument and that BioTac could determine 

that deformation indeed had occurred. 
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5.4 Results from measurements on damaged packages. 

The prints from the post-deformation tests showed a void in the middle of the area. This void 

was a fold from the previous deformation test and was discussed in Chapter 4.4. 

 

Figure 44: The difference pre- and post-deformation. Left: Before deformation. Right: After 
deformation. 

The data gathered by the BioTac still showed that electrode 17 experienced changes in 

pressure, despite this void. The forces acting on electrode 17 was not as high as it used to be 

and on the graph it was shown as a rounded curve. This was an indicator that the BioTac was 

measuring over a deformed area. Thus it shows that the BioTac could be used to locate an area 

where deformation has occurred  

5.5 Impact of Material Selection on Pressure Distribution 

The similarities that was seen on the film, alongside data gathered by the BioTac, showed that 

the material of the package did not play a significant role in what affected the distribution of 

pressure. No matter where the point of application was placed, the same trends could be 

observed in the graphs as well as in the prints. However, the total pressure that the sensor 

recorded was different in the pre- and post- deformation test. Packages made by Material A 

was generally weaker after deformation compared to packages made of Material B, as the 

differences between the pre- and post- deformation tests was much greater when measuring 

on a package in Material A (See Table 1 and 2). 

5.6 Summary of Discussion 

 How big of an impact did the point of application have on the results from the BioTac 

measurements? 

From the initial measurements it could be determined that the BioTac could find the second 

area of force concentration, by comparing a point of application on the edge to the reference 

point in the middle. This proves that the BioTac could be used, without any complementary 

equipment, to find different areas of force concentration on the surface of a package. 

 What did the distribution of pressure look like, after deformation had occurred in the 

package? 
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The pinch in the prints showed that deformation occurred on the edge of the package. From 

the tests on pre- deformation, the BioTac recorded the same data that the Lloyd machine did. 

The tests on post- deformation showed how the BioTac had registered a difference in pressure 

distribution compared to the pre-deformation.  This strongly suggestes that the BioTac could 

be used, without any additional equipment, to measure the difference in pressure distribution 

on a package that had been deformed. Furthermore, it could be used to see exactly where the 

deformation would occur in a pre-deformation test, because the electrode that was placed on 

the location that deformed would show the breaking points, as seen in the diagrams from the 

Lloyd machine. 

 Did the material of the package affect the distribution of pressure, after a deformation 

had occurred? 

The data gathered from both materials showed the same trends and behavior. The BioTac 

could still be used to identify the strengths of the materials. However, for the distribution of 

pressure, the prints on the film and the trends in the data were the same for both materials. 

There were small differences in the total pressure between the materials in the pre- and post- 

deformation tests. This suggests that the BioTac could be used to tell the different materials 

apart. 

5.7 Possible Sources of Error 

5.7.1 Distance Between Electrodes 

Due to the fact that the BioTac consisted of 19 electrodes throughout its sensory area, whereas 

they were separated with a small distance between them, it might be possible that the area of 

deformation could have happened in the areas where there was no electrode present. This 

could have meant that the BioTac sensor would not have been able to correctly notice the 

deformation. However big of an impact this could have had, during the tests in this thesis, was 

impossible to say. This risk is deemed to be small, since no corresponding deflections, i.e. 

macro deformations in the material could be identified by the authors during the testing 

process. 

5.7.2 Micro Deformations 

The different points of application were measured on the same package. Note that the same 

point was never measured more than once on any package. However, due to the package 

being loaded multiple times, small deformations could occur in the package that impacted the 

results on the measurements. To avoid producing any such artificial data , the order in which 

the points were going to be measured in was randomized. With the variance the results 

provided, this should be a relative small source of error, but a source of error nonetheless. 

5.7.3 Package Placement 

Every package was placed unto the schematic map of placements, in Appendix D, by hand. 

This meant that each of the packages could have been placed differently from another, albeit 

not by much. The placement errors were very small and should not have a huge impact on the 

results. This should still be seen as a possible source of error.  
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5.8 Further Work 

The BioTac was positioned to have its tip touch the package first. Seeing how the tip would 

always have first contact meant that the same electrodes, at the tip, always showed an increase 

in pressure, no matter the point of application. Instead, the BioTac could have been angled to 

be parallel with the surface of the package. This could have shown a much clearer image of 

how the pressure was distributed among the electrodes, as more electrodes could have had 

contact throughout the tests.  

 

Figure 45: (1) Shows the position during the experiments. (2) Is the suggested position. The BioTac is 
angled to have its core parallel with the surface of the package. The red marking on the core shows 
the electrodes that will give a result during tests. 

Future work is be to create a computer model using the finite element method, to digitally 

map out the distribution of pressure with the location of the electrodes. This would be a first 

step to creating a fully digital model to use in the future when testing the grip stiffness of 

paper board packages. 

Future work could also study if it’s possible for the BioTac to find the depth of the 

compression and how far it has traveled from its initial point of contact with a package. 
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6 Conclusions 

 The BioTac sensor can be used, by itself, to find force concentrations. 

 The BioTac sensor can be used, without any additional equipment, to find differences 

in pressure distribution in damaged carton board packages. 

 The BioTac sensor could be used, by itself, to find the areas were deformation had 

occurred. 

 The BioTac sensor could be used to differentiate very similar materials. 

 The BioTac could be used to find the edge of the package. By comparing the results to 

the reference point. E17 had a significantly higher value when placed on the edge of 

the package. 

6.1 The authors final thought of the experiments 

The prediction that the BioTac would show two distinct groups of electrodes when located on 

the edge, similar to what the pressure sensitive film did show, proved to be refuted. Despite 

the positioning of the BioTac, there always was the same five electrodes yielding any distinct 

decrease in electrical resistance, namely electrodes 7-10 as well as 17. However, the authors 

would argue that the hypothesis that the BioTac could measure the distribution of pressure 

was verified, for the exact same reason.  

While the sensor was located on the edge of the package, the distribution of pressure, 

recorded by the electrodes, was vastly different when compared to the reference point in the 

middle of the package. This could be seen as electrode 17 showed a lower electrical resistance 

when located on the edge. The decrease in electrical resistance was substantial and was a 

trend that could be seen throughout all experiments. 

A prediction that the BioTac could see a difference between undamaged and damaged 

packages was also verified. The reasoning lies in the fact that the BioTac could find the 

location, as well as the time, that the damage to a package occurred. The BioTac-data from 

post-deformative tests revealed a rounder curve, compared to the pre-deformative tests, on the 

electrode that recorded the damage in the deformative tests. 

 

This concludes that the BioTac showed promising qualities when measuring the 

distribution of pressure on carton board packages. 
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  Appendix A 

 

Appendix A: Pressure Sensitive Films 

 

Figure 46: Pressure sensitive films on the rolls on which they arrived. Right: the semi-transparent film 
that contained color capsules. Left: the film on which the prints developed.



  Appendix B 

 

Appendix B1: Package Geometry (Back) 

 

Figure 47: Backside of the package, showcasing the joint holding the package together. 



 Appendix B 

 

Appendix B2: Package Geometry (Front) 

 

Figure 48: Front side of the package. Note that no there is no joint on this side. This package was 
used in the deformation tests. 

 



  Appendix C 

 

Appendix C: Point of Application 

 

Figure 49: Points of Application on Vertical and Horizontal Lines 

 



  Appendix D 

 

Appendix D: Schematic Map of Placement 

 

Figure 50: Schematic Map of Placement. The straight line through the center is to align the map with 
the BioTac sensor. 

 



  Appendix E 

 

Appendix E: Testing Routine 

The following is how the routine was followed prior to all tests. 

1. Start all necessary software. 

2. Place the package in its correct position. 

3. Using a pre-existing script to tell the Lloyd machine how to operate, with what force 

and with what speed of operation. 

4. Placing the BioTac sensor approximately one millimeter above the surface. 

5. Telling the BioTac software to record data by pressing a button. 

6. Telling the Lloyd machine to start its operational routine. 

7. Stop the recording of data in the BioTac software. 

8. Saving data from both the BioTac software as well as the Lloyd NEXYGEN software.  

The script was written by Daniel Eriksson at Örebro University. 

 



  Appendix F 

 

Appendix F: Point A, Material A 

POINT A E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 182 -30 80 258 154 286 -424 -518 -532 

PACKAGE 2 185 -31 79 262 156 291 -421 -514 -522 

PACKAGE 3 197 -22 85 260 154 279 -419 -533 -533 

PACKAGE 4 172 -28 83 260 158 287 -448 -545 -557 

POINT A E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 172 -31 79 258 154 279 -448 -545 -557 

MIN 197 -22 85 262 158 291 -419 -514 -522 

MEDIAN 183,5 -29 81,5 260 155 286,5 -422,5 -525,5 -532,5 

DEVIATION 10,29563 4,031129 2,753785 1,632993 1,914854 4,99166 13,49074 14,24781 14,85485 

 

POINT A E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -854 157 -70 56 210 127 234 -1017 80 166 

PACKAGE 2 -839 156 -72 53 210 126 238 -1016 76 166 

PACKAGE 3 -862 160 -62 61 210 128 228 -937 83 163 

PACKAGE 4 -877 158 -62 63 216 134 242 -950 85 171 

POINT A E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -877 156 -72 53 210 126 228 -1017 76 163 

MIN -839 160 -62 63 216 134 242 -937 85 171 

MEDIAN -858 157,5 -66 58,5 210 127,5 236 -983 81,5 166 

DEVIATION 15,8535 1,707825 5,259911 4,573474 3 3,593976 5,972158 42,48137 3,91578 3,316625 

 

  



 Appendix G 

 

Appendix G: Point B, Material A 

POINT B E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 181 -26 86 261 159 286 -455 -566 -558 

PACKAGE 2 190 -21 89 266 162 290 -466 -580 -578 

PACKAGE 3 184 -25 86 258 155 275 -449 -580 -557 

PACKAGE 4 176 -21 88 256 157 277 -466 -584 -578 

POINT B E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 176 -26 86 256 155 275 -466 -584 -578 

MIN 190 -21 89 266 162 290 -449 -566 -557 

MEDIAN 182,5 -23 87 259,5 158 281,5 -460,5 -580 -568 

DEVIATION 5,85235 2,629956 1,5 4,349329 2,986079 7,164728 8,445906 7,895146 11,84272 

 

POINT B E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -896 139 -68 58 204 130 231 -945 88 170 

PACKAGE 2 -919 126 -68 57 201 129 225 -904 88 170 

PACKAGE 3 -909 146 -62 62 208 130 226 -904 87 165 

PACKAGE 4 -921 134 -68 63 205 130 227 -899 91 168 

POINT B E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -921 126 -68 57 201 129 225 -945 87 165 

MIN -896 146 -62 63 208 130 231 -899 91 170 

MEDIAN -914 136,5 -68 60 204,5 130 226,5 -904 88 169 

DEVIATION 11,44188 8,421203 3 2,94392 2,886751 0,5 2,629956 21,46315 1,732051 2,362908 

 



  Appendix H 

 

 

Appendix H: Point C, Material A 

POINT C E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 168 -49 57 248 139 283 -344 -420 -422 

PACKAGE 2 192 -49 55 259 143 295 -311 -377 -384 

PACKAGE 3 191 -42 62 260 146 291 -319 -397 -397 

PACKAGE 4 153 -49 61 244 143 281 -361 -446 -442 

POINT C E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 153 -49 55 244 139 281 -361 -446 -442 

MIN 192 -42 62 260 146 295 -311 -377 -384 

MEDIAN 179,5 -49 59 253,5 143 287 -331,5 -408,5 -409,5 

DEVIATION 18,92089 3,5 3,304038 7,973916 2,872281 6,608076 22,96918 29,74335 25,86342 

 

POINT C E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -717 179 -83 42 212 118 240 -1239 51 152 

PACKAGE 2 -663 196 -87 35 222 119 251 -1349 41 156 

PACKAGE 3 -689 191 -81 43 223 123 248 -1292 50 158 

PACKAGE 4 -738 190 -79 49 224 129 252 -1226 61 162 

POINT C E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -738 179 -87 35 212 118 240 -1349 41 152 

MIN -663 196 -79 49 224 129 252 -1226 61 162 

MEDIAN -703 190,5 -82 42,5 222,5 121 249,5 -1265,5 50,5 157 

DEVIATION 32,71468 7,164728 3,41565 5,737305 5,560276 4,99166 5,439056 56,13377 8,180261 4,163332 

 



  Appendix I 

 

Appendix I: Point D, Material A 

POINT D E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 180 -44 65 255 147 286 -355 -430 -435 

PACKAGE 2 189 -37 69 264 152 297 -371 -452 -451 

PACKAGE 3 190 -35 75 262 153 290 -377 -474 -469 

PACKAGE 4 164 -37 72 250 149 279 -414 -505 -515 

POINT D E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 164 -44 65 250 147 279 -414 -505 -515 

MIN 190 -35 75 264 153 297 -355 -430 -435 

MEDIAN 184,5 -37 70,5 258,5 150,5 288 -374 -463 -460 

DEVIATION 12,03813 3,947573 4,272002 6,448514 2,753785 7,527727 24,9583 32,01432 34,57841 

 

POINT D E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -729 174 -81 46 216 125 242 -1261 63 160 

PACKAGE 2 -754 162 -86 44 215 124 244 -1199 65 164 

PACKAGE 3 -785 169 -78 51 214 127 237 -1130 71 163 

PACKAGE 4 -830 148 -76 53 209 126 235 -1080 74 163 

POINT D E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -830 148 -86 44 209 124 235 -1261 63 160 

MIN -729 174 -76 53 216 127 244 -1080 74 164 

MEDIAN -769,5 165,5 -79,5 48,5 214,5 125,5 239,5 -1164,5 68 163 

DEVIATION 43,51628 11,29528 4,349329 4,203173 3,109126 1,290994 4,203173 79,15596 5,123475 1,732051 



  Appendix J 

 

Appendix J:  Pont A, Material B 

POINT A E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 201 -20 83 268 158 293 -430 -509 -547 

PACKAGE 2 183 -29 76 254 149 277 -418 -510 -527 

PACKAGE 3 196 -27 80 264 156 291 -420 -502 -537 

PACKAGE 4 172 -35 75 254 153 287 -432 -520 -537 

POINT A E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 172 -35 75 254 149 277 -432 -520 -547 

MIN 201 -20 83 268 158 293 -418 -502 -527 

MEDIAN 189,5 -28 78 259 154,5 289 -425 -509,5 -537 

DEVIATION 13,08944 6,184658 3,696846 7,118052 3,91578 7,118052 7,023769 7,410578 8,164966 

 

POINT A E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -849 133 -78 50 201 123 227 -977 76 165 

PACKAGE 2 -841 165 -69 55 209 124 230 -989 73 160 

PACKAGE 3 -843 139 -80 49 202 123 227 -1039 75 162 

PACKAGE 4 -855 156 -70 55 212 129 239 -1017 76 167 

POINT A E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -855 133 -80 49 201 123 227 -1039 73 160 

MIN -841 165 -69 55 212 129 239 -977 76 167 

MEDIAN -846 147,5 -74 52,5 205,5 123,5 228,5 -1003 75,5 163,5 

DEVIATION 6,324555 14,81834 5,560276 3,201562 5,354126 2,872281 5,678908 27,92251 1,414214 3,109126 
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Appendix K: Point B, Material B 

  E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 199 -19 90 268 162 290 -469 -585 -571 

PACKAGE 2 192 -28 83 256 153 276 -444 -565 -553 

PACKAGE 3 196 -20 90 266 159 286 -461 -577 -561 

PACKAGE 4 186 -23 87 265 160 294 -471 -568 -586 

POINT B E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 186 -28 83 256 153 276 -471 -585 -586 

MIN 199 -19 90 268 162 294 -444 -565 -553 

MEDIAN 194 -21,5 88,5 265,5 159,5 288 -465 -572,5 -566 

DEVIATION 5,619905 4,041452 3,316625 5,315073 3,872983 7,72442 12,28481 9,069179 14,22146 

 

POINT B E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -909 103 -76 51 192 123 218 -906 87 167 

PACKAGE 2 -896 139 -69 54 198 124 219 -926 83 161 

PACKAGE 3 -902 122 -71 53 195 125 219 -914 87 166 

PACKAGE 4 -914 107 -82 51 194 124 224 -970 86 169 

POINT B E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -914 103 -82 51 192 123 218 -970 83 161 

MIN -896 139 -69 54 198 125 224 -906 87 169 

MEDIAN -905,5 114,5 -73,5 52 194,5 124 219 -920 86,5 166,5 

DEVIATION 7,889867 16,35797 5,802298 1,5 2,5 0,816497 2,708013 28,54237 1,892969 3,40343 



  Appendix L 

 

Appendix L: Point C, Material B 

POINT C E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 179 -48 58 261 145 303 -332 -393 -405 

PACKAGE 2 162 -56 52 250 141 289 -333 -409 -406 

PACKAGE 3 172 -56 54 252 142 288 -329 -394 -401 

PACKAGE 4 140 -50 62 244 145 291 -399 -467 -474 

POINT C E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 140 -56 52 244 141 288 -399 -467 -474 

MIN 179 -48 62 261 145 303 -329 -393 -401 

MEDIAN 167 -53 56 251 143,5 290 -332,5 -401,5 -405,5 

DEVIATION 16,99755 4,123106 4,434712 7,041543 2,061553 6,946222 33,876 34,94162 35,0666 

 

POINT C E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -681 167 -85 36 217 120 252 -1317 44 160 

PACKAGE 2 -694 198 -82 43 227 126 258 -1328 48 159 

PACKAGE 3 -685 181 -84 38 218 121 245 -1388 49 156 

PACKAGE 4 -764 156 -81 47 215 127 252 -1164 63 165 

POINT C E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -764 156 -85 36 215 120 245 -1388 44 156 

MIN -681 198 -81 47 227 127 258 -1164 63 165 

MEDIAN -689,5 174 -83 40,5 217,5 123,5 252 -1322,5 48,5 159,5 

DEVIATION 39,04698 18,15673 1,825742 4,966555 5,315073 3,511885 5,315073 95,4127 8,286535 3,741657 



  Appendix M 

 

Appendix M: Point D, Material B 

POINT D E1 E2 E3 E4 E5 E6 E7 E8 E9 

PACKAGE 1 193 -36 70 261 150 293 -364 -445 -445 

PACKAGE 2 186 -40 66 252 145 280 -366 -463 -456 

PACKAGE 3 185 -35 70 258 151 287 -379 -464 -465 

PACKAGE 4 153 -43 65 244 146 283 -412 -491 -503 

POINT D E1 E2 E3 E4 E5 E6 E7 E8 E9 

MAX 153 -43 65 244 145 280 -412 -491 -503 

MIN 193 -35 70 261 151 293 -364 -445 -445 

MEDIAN 185,5 -38 68 255 148 285 -372,5 -463,5 -460,5 

DEVIATION 17,85824 3,696846 2,629956 7,5 2,94392 5,619905 22,18671 18,96268 25,19755 

 

POINT D E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

PACKAGE 1 -750 155 -88 40 208 120 236 -1206 60 160 

PACKAGE 2 -768 176 -83 45 214 121 238 -1143 62 155 

PACKAGE 3 -770 154 -88 43 208 122 234 -1169 67 161 

PACKAGE 4 -804 133 -88 46 205 122 233 -1146 71 162 

POINT D E10 E11 E12 E13 E14 E15 E16 E17 E18 E19 

MAX -804 133 -88 40 205 120 233 -1206 60 155 

MIN -750 176 -83 46 214 122 238 -1143 71 162 

MEDIAN -769 154,5 -88 44 208 121,5 235 -1157,5 64,5 160,5 

DEVIATION 22,53886 17,55942 2,5 2,645751 3,774917 0,957427 2,217356 29,08608 4,966555 3,109126 
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Appendix N: Climate Log 
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Appendix O: Dew Point 
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