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Abstract 
This report is a part of the research project "A New Model for Deformation of Carton Board 
Packages by Manual Handling". This project is a collaboration between Örebro University 
and two companies engaged in carton board packages. This report describes whether 
Syntouch's BioTac is an appropriate tool, compared with a consumer study when investigating 
the grip stiffness of consumer packaging. Syntouch's BioTac is an artificial sensor designed to 
imitate the force of a human fingertip. The concept of grip stiffness is used in the packaging 
industry to describe the packaging’s properties to withstand clamping pressure when handling 
by the user. That is, the robustness of the packaging. The carton board packaging should 
perceive as stiff, firm to grip and not deform during handling. The purpose is to perform 
laboratory tests with the BioTac sensor, to see if the sensor can be used as a measurement 
method for grip stiffness of card board materials.  
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Sammanfattning 
Denna rapport som ingår i forskningsprojektet ”A New Model for Deformation of Carton 
Board Packages by Manual Handling”. Detta projekt är ett samarbete mellan Örebro 
Universitet och två företag som arbetar med förpackningar. I denna rapport beskrivs och 
analyseras om Syntouch’s BioTac är ett lämpligt verktyg, i jämförelse med en 
konsumentstudie vid undersökning av en förpacknings greppstyvhet. Syntouch’s BioTac är en 
konstgjord sensor som är utformad för att imitera kraften som en mänsklig fingertopp har. 
Greppstyvhet är ett begrepp som används i förpackningsindustrin och beskriver 
förpackningens egenskaper att kunna motstå klämtryck vid hantering. Det vill säga 
förpackningens robusthet. Förpackningen skall uppfattas som styv, greppvänlig och skall ej 
deformeras vid hantering. Syftet med det här arbetet är att utföra laborativa tester med sensorn 
BioTac, för att se om sensorn kan användas som en objektiv mätmetod för greppstyvhet för 
olika förpackningsmaterial. 

 

Nyckelord: Greppstyvhet, BioTac, förpackningar, konsumentpanel 
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1 Introduction 

1.1 The company 
BillerudKorsnäs is a global industrial company engaged in the production of paper and pulp. 
The company is a world leader in new fibre-based cardboard packaging with over 4300 
employees across Europe [1, 2]. Presently, the company has seven production facilities in 
Europe and five active production facilities located in Sweden [3]. In addition to the 
production facilities, BillerudKorsnäs has 13 sales offices around the world [4]. Figure 1 
describes BillerudKorsnäs eight different production facilities and their production capacity in 
2016. The production facility Tervasaari closed in 2016 and are therefore no longer in use. 

BillerudKorsnäs supplies products to approximately 2000 customers in more than 100 
different countries and has a turnover of almost 22 billion SEK a year [2, 5]. The company is 
divided into four different market sections: Food and Beverage, Industrial, Consumer & 
Luxury and Medical & Hygiene [6]. Packaging properties for these four sections alter 
depending on the sections purpose. For example, Packaging for the section Consumer & 
Luxury often need to communicate a sense of quality. Figure 2 describes BillerudKorsnäs net 
income by region and the company’s net income for the four different market segments. 

  

Figure 1. The figure shows BillerudKorsnäs production facilities around Europe. 
Available from: https://arsoversikt.billerudkorsnas.se/ 
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BillerudKorsnäs strives to offer sustainable materials and new solutions in the packaging 
industry to increase customer returns while reducing global environmental impact [1]. This is 
achieved by using natural raw materials from forests and using resource-efficient methods to 
produce paper and pulp [7].  

  

Figure 2. The figure shows BillerudKosnäs net income for their four different market segments. 
Available from:  https://arsoversikt.billerudkorsnas.se/ 
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1.2 The project 
The thesis is part of the research project ”A New Model for Deformation of Carton Board 
Packages by Manual Handling”, conducted in collaboration between Örebro University, 
BillerudKorsnäs and TetraPak. The authors examined the possibility of finding an objective 
test method that can analyse grip stiffness for carton board packages. 

To enable this thesis, packages made from different materials and with the same geometry 
were examined. The packages were analysed in a laboratory using a BioTac sensor and a 
Lloyd LR5K pressure tester. The BioTac sensor should be analysed concerning its ability to 
measure whether there may be a difference between different types of packages in the sense 
of grip stiffness. The data collected during the laboratory tests, would then be used in a 
consumer survey to investigate whether consumers perceives different packages as grip stiff. 

The project was limited to a single packaging geometry made from four different existing 
materials. The consumer survey was of a quantitative nature and limited to 30 assessors. The 
assessors were of different ages and different sexes to allow for a representative selection.  
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2 Background 

2.1 The problem 
The grip stiffness of a carton board packaging is a crucial factor when a consumer grip or 
examines a product at home or in a store. If a package is perceived as flabby when it is 
gripped by a consumer, it will most likely be considered as low quality or unusable and thus 
be discarded (personal communication, Korin C, 09/02-2017). This may cause a product to be 
discarded although the content is undamaged [8]. This problem affects both the companies 
that sell the products and it has an environmental impact.  

A consumer panel will be used as a comparison between consumers and the BioTac sensor in 
the sense of grip stiffness. Consumer panels are subjective, and therefore a comparison 
between an objective method and a subjective method will be performed.  

2.2 Questions to be investigated 
The purpose of this thesis is to examine whether the BioTac sensor can be used as an 
objective and repeatable method for examining grip stiffness for packages. To enable this 
examination, the thesis will discuss the following questions: 

• Can the laboratory equipment BioTac measure differences between different packages 
in the sense of grip stiffness? 

• Can the BioTac sensor identify differences in grip stiffness for packages, if a 
consumer panel cannot perceive any dissimilarities? 

If the BioTac sensor can measure differences in grip stiffness for different packages, when the 
consumer panel cannot perceive these, the information can be used for objective grip stiffness 
analyses without the involvement of consumer panels.  

2.3 What has the company done previously 
BillerudKorsnäs has performed several studies based on laboratory analyses as well as 
consumer experiences regarding grip stiffness for cardboard packages (personal 
communication, Barbier C, 21/04-2017). However, these studies are confidential and cannot 
be published or submitted for this thesis according to the company representative, Mr. 
Christophe Barbier. 

  



2017-06-15 A Romin, A Karlsson 5 (44) 

2.4 What have others done before 
In the research work” Damage to Carton Board Packages subjected to Concentrated Loads”, it 
was investigated how packages were compressed with concentrated loads by a tensile testing 
machine. The intention was to load the edges of cardboard packages until they deformed and, 
in the meantime, review the damage development. The damages were examined by X-ray 
tomography, and it was discovered that the packaging stiffness was more affected by the 
packaging geometry than by the strength of the material. [9] 

In the thesis” A Comparison Between Two Methods for the Measurement of Grip Stiffness of 
Carton Board Packages”, it is described how two different test methods for measuring grip 
stiffness were examined. The purpose of the thesis was to investigate how well these two 
methods could perceive quality for different cardboard packages. Their conclusion was that at 
low forces, the tensile test machine Lloyd LR5K did not provide a consistent result. In 
addition, the BioTac-sensor could demonstrate good qualities to distinguish the grammage of 
different packages. [10] 

2.5 Description of technical discipline 
To fulfil the thesis, several areas from mechanical engineering will be processed. Knowledge 
in material science is needed to understand how packages are affected by consumer grip 
forces that arise when a packaging is transferred or gripped by a consumer. Knowledge in 
structural dynamics was needed to understand how pressure will affect the packages as the 
laboratory equipment BioTac compresses the packages. Knowledge in paper mechanics was 
needed to examine the relationship between packaging strength and their grip stiffness. 
Computational experience was required to calculate and interpret the large quantity of data 
obtained from the experiments. Knowledge in statistical hypothesis testing was required to 
interpret and objectively calculate the results that arise in connection to the laboratory work 
and consumer studies. In addition to these areas, knowledge in paper chemistry was needed to 
understand how packages are affected by external factors, such as temperature and relative air 
humidity. 
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2.6 Theory 

2.6.1 Grip stiffness 

The concept of grip stiffness is used in the packaging industry to describe the packaging’s 
properties to withstand clamping pressure when handling by the user. That is, the robustness 
of the packaging. The carton board packaging should perceive as stiff, firm to grip and not 
deform during handling. Grip stiffness is an important factor that can determine the perceived 
quality of a packaging and its content. There is no universal definition of grip stiffness in the 
packaging industry, hence no uniform measuring method. [8]  

2.6.2 Carton board production 
Paper is a thin and basically two-dimensional sheet material, consisting mostly of wood fibres 
or plant fibres [11]. Thick and coarse sheets of paper are usually called cartons. Carton board 
packages are usually two or more layers containing compact overlapping cellulose fibres [12]. 

The manufacturing process begins with the delivery of timber stocks to a paper mill, where 
they first undergo a scaling of all bark using a barking drum. The bark is peeled away because 
it does not contain suitable fibres in the manufacture of pulp. The bark is instead used as 
combustible material for other processes. There are two types of pulp making, mechanical or 
chemical. [13] 

In the mechanical process, refiner mass is produced. First, the barked logs are cut into chips 
and the chips are then squeezed between mechanically rotated mills. Water vapour and heat is 
then added to soften the linguine that holds the fibres together. Pressure and chemicals can 
also be used for this purpose. This allows chemical thermomechanical mass (CTMP) to be 
produced. Since lignin is not removed from the pulp, this causes the fibres to become hard 
and stiff. The carton will then have properties with high stiffness, low density, limited strength 
and stress. [12, 13, 14] 

In the chemical process, the wood chips are washed and impregnated, then boiled in a 
chemical solution. The boiling allows the fibres to be separated and 80-90% of the lignin 
dissolve. The separation process ensures that the length of fibres is maintained and a 
relatively pure cellulose is recovered. Unlike the mechanical process, this makes the fibres 
flexible and soft. Cardboard sheet made via this process will have good mechanical properties 
for creasing, embossing and punching. After bleaching, the chemical cellulose mass has a 
white and clean appearance. [11, 13, 14].  

At the beginning of manufacturing in the board machine, the fibres together with water form a 
common layer on a conveyor belt mesh and this mesh is called the wire. Other fibre layers are 
usually laid on each other when the layers are wet and the water is then dewatered inside the 
wire. The carton is then dewatered again by pressing between felted rollers. Once the carton 
has gone through the press section, it is further fed into the dryer section. There the carton 
goes past team-heated drying cylinders. It is also common for the carton to be coated in the 
machine to give the surface better printability properties. The carton film is then rolled into 
large rolls and allows the material is allowed to rest and further dry. The rolls are then rolled 
up and cut down to smaller rolls or sheets, which are labelled and packaged for transport. [11, 
13] 
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2.6.3 Packaging properties 
The manufacturing method of distributing cellulose fibres to a wire, causes the carton board 
packages to have different properties in different directions. The direction that runs along the 
carton board is called machine direction (MD), and the lateral direction as the cross-machine 
direction (CD). The thickness of the carton is usually referred to as Z-direction (ZD) [11], see 
figure 3. The wood fibres are sprayed onto the wire in a forward moment, which results in 
most fibres ending up along the machine direction. As a result, the carton generally gets better 
strength in the machine direction than the cross-machine direction. The MD direction is 
almost twice as stiff as the CD direction. [11]. 

The packaging properties are also influenced by the fibres used in the manufacturing process. 
Fibre from different trees has different fibre lengths and fibre depths and can thus effect the 
physical properties of the packaging [14]. Properties such as appearance and strength might 
vary between different packages and the amount of fibre they contain. Board is usually 
characterized by the weight of the material per area, which is why the paper industry uses the 
term gsm !

"#	  or grammage [12]. Some wood fibres can be combined to achieve certain 
requested material properties. In Sweden, the most common woods that are used in carton 
manufacturing are softwood such as spruce and pine and hardwood such as birch. Of these 
woods species, spruce has the longest fibres and birch has the shortest [14]. Long fibres 
exhibit properties such as good strength, toughness and texture in carton board products, 
while short fibres provide cartons with low density, closeness of texture and smoothness of 
surface. Short fibres are also important for good printing quality for packages. [12] 

2.6.4 Temperature and humidity 
The mechanical properties of packaging are affected by external factors such as temperature 
and humidity. Changes in these factors can alter the packaging mechanical strength and the 
creating tension in the packaging. When the relative humidity increases, the modulus of 
elasticity of the material is lowered, that is, the stiffness of a material [15]. The Young’s 
modulus for compression is almost three times as low for packages with 95% relative 
humidity than for packages with 40% relative humidity. [11]  

Figure 3. The figure shows the two different carton board directions. 
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2.6.5 BioTac sensor 
BioTac is an advanced robot technology that was 
launched in 2008. The BioTac sensor is designed to 
imitate a human fingertip, see figure 4. The finger 
consists of a stiff bone-like core, pressure sensitive 
electrical sensors and circuits surrounded by an elastic 
liquid-filled skin made of rubber, see figure 10. This 
technology is capable of perceiving power, vibration 
and temperature, just as in human touch. [16] 

 

To make these measurements possible, there are three separate groups of sensors on the 
BioTac sensor. Contact forces presses the skin and the liquid inside, which changes the 
impedances of electrodes around the surface of the stiff core. Vibration measurement can be 
performed with the help of a pressure sensors located inside the BioTac core. These pressure 
sensors detect vibration that occurs when an object glides along the skin. Measurements of 
temperature can be performed when an object with its thermal conductivity meets the BioTac 
core. The fingertip captures the temperature of the object and leads it further to the core that 
detects temperature differences between BioTac’s and the object's temperature. [17] 

  

Figure 4. Close-up image of the BioTac sensor. 
Available from: 
https://www.syntouchinc.com/wp-
content/uploads/2017/01/BioTac-Brochure.pdf 

 

Figure 5. The figure shows a cross section of the inside of BioTac sensor and its components. 
Available from: https://www.syntouchinc.com/wp-content/uploads/2017/01/BioTac-Brochure.pdf 
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From these measurements, BioTac can collect raw data in form of: 

• Voltages on impedance sensing electrode 
• Absolute fluid pressure (DC Pressure) 
• Dynamic fluid pressure = vibration (AC Pressure) 
• Temperature (DC Temperature) 
• Heat flow (AC Temperature) [17] 

2.6.6 Consumer panel 
A consumer survey in the form of a panel study was used to compare measurement values 
from labs with people's ability to perceive grip stiffness for packages. The consumer study 
was based on the international standard ISO 8587: 2006, which describes the method of 
sensory evaluation with the aim of placing a series of test samples in a rank order. [18]. The 
panel study would be based on the standard ISO 8587: 2006, as the standard describes a 
ranking method for placing test objects in specific order. 

The statistical analysis of the panel study will be based on Friedman tests for comparison of at 
least two products due to the number of products and assessors [18].  

Calculations are made according to equations 1 and 2: 

Calculate of the rank sums 𝑅&, 𝑅',…, 𝑅( of the 𝑝samples and over the 𝑗 assessors. 

If the Freidman test value is greater than the F value, at least one package is perceived as 
different from at least one other package [18].  

𝐹,-.,	 =
12

𝑗 ∗ 𝑝 𝑝 + 1 𝑅&' + ⋯+ 𝑅5' − 3𝑗 𝑝 + 1 					(1) 

where 

 𝑅: is the rank sum of product i; 

 𝑗 is the number of assessors; and 

 𝑝 is the number of products. 

Two individual products are statistically perceived as different, if their rank sums are greater 
than the LSD value [19].   

𝐿𝑆𝐷 = 𝑍 ∗
𝑗 ∗ 𝑝 ∗ 𝑝 + 1

6 					(2) 

 
where 

 𝑍 is the normal probability value for a two-tailed test at a risk of a=0,05. 
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The null hypothesis was used in analysing BioTac's measurement results. The hypothesis is 
used to see if two materials are different from each other when compared. The 𝐻Avalue along 
with the coefficient interval determines if the packages are perceived as different. The null 
hypothesis was that there are no differences between the packages. If the hypothesis of two 
packages is outside the coefficient range, 𝐻Ais rejected and the packages appear as different 
[18]. 

The null hypothesis was also used for the consumer panel, to see if assessors hand sizes and 
sexes would affect the rank sums. The null hypothesis was that there are no differences in 
rank sums for different hand sizes and sexes. 

2.6.7 Material BillerudKorsnäs white 
White is one of the carton board materials that BillerudKorsnäs produce. The carton board 
consists of a combination of good formability and print surface. The material is made of 
100% virgin fibres and it is double coated on the top side and single coated on the bottom 
side. White is a material well suitable for products that focuses on design, shape, graphics and 
the need of having high visual impact. For example: Health and beauty products, perfume, 
luxury beverages and exclusive confectionery. [19] 

The White material consist of chemi-termomechanical pulp (CTMP) with a strong layer 
structure. This gives the material properties such as high stiffness and low density. Figure 6 
describes the different layers and their features that contribute to White's properties. These 
fibre layers are added on each other while they are wet and the outer layers are coated in the 
machine. This is described in the theory section about packaging production. The clay coating 
provides the surfaces with good result for printing, high whiteness and smoothness. The top 
layer consists of totally chlorine free bleached fibres (TCF) that provides with a good surface 
for printing and smoothness. The other layer is TCF bleached fibres that is reinforced with 
strong chemical pulp and bleached chemi-thermomechanical pulp (CTMP). This gives 
maximum designability and packaging material optimization with a good inner structure. The 
bottom layer has TCF bleached fibres for whiteness. The material White contains 51% 
chemical pulp, 26% mechanical pulp and the remainder consists of surface treatment and 
filling. [19]  

Figure 6. The figure explains the carton's various layers and its percentages. Available from: 
https://www.billerudkorsnas.com/globalassets/billerudkorsnas/our-offer/packaging-
materials/cartonboard/epd-billerudkorsnas-white.pdf  
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3 Method and implementation 

3.1 Packaging production 
To perform the work, packages were made using a CAM table at BillerudKorsnäs in Frövi. 
The packages were created with materials from the same manufacturing batch to ensure that 
the material structure of the packaging did not affect the result. 

To carry out objective measurements, six packages were made of each material for laboratory 
tests and 30 packages of respective materials for the consumer panel. This resulted in a total 
of 144 packages, see table 1. For further information about the materials that were used, see 
Appendix A. 

 
The design for the packages was decided mutually between Lena Dahlberg from 
BillerudKorsnäs and Christer Korin from Örebro University. Figure 12 shows the design basis 
for the packaging geometry. 

  

Product Grammage 
(𝒈/𝒎𝟐) 

Dimension Matrix Designation quantity 

White 290 gsm 98 ∗ 98 ∗ 280 White 290 gsm A 36 

White  340 gsm 98 ∗ 98 ∗ 280 White 340 gsm B 36 

White  370 gsm 98 ∗ 98 ∗ 280 White 400 gsm C 36 

White  400 gsm 98 ∗ 98 ∗ 280 White 400 gsm D 36 

Sum     144 

Table 1. The table shows the packages grammage, their dimension, the packages 
underlying matrix, their designation and the number of quantity.  
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An empty cardboard sheet was placed on the CAM table to create the matrix used as a base to 
produce better creasing, see figure 13. To see which matrix was used for each material, see 
table 1. 

Figure 7. The figure shows the packaging design basis and the MD direction.  

A B 

M
D

 

Figure 8. The figure shows how the empty sheets of carton was placed on the CAM table and the 
design basis for the matrixes. 
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The constructed matrix was placed on the CAM table and a blank carton board of selected 
material was placed on top of the matrix. Figure 14 shows when the machine cut out the 
packaging and the result of this process. 
 

When the packaging was cut out, it was erected manually by folding the edges 180 degrees. 
To avoid discrepancies between packages, TESA 9 mm double-sided tape was applied on the 
whole side. Figure 15 shows how the tape was applied and where it was applied. 

  

A B 

Figure 9. The figure shows how the machine cut out the packages and how the packaging looked 
like when cut out.  
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The packaging was then folded to enable transportation, and the packaging was given a 
specific name on the bottom to keep the packages apart from each other, see figure 11. The 
designation assigned to each packaging material is described in table 1. 

A B 

Figure 10. The figure shows how the double-sided tape was applied and how the packaging was 
erected by folding the edges 180 degrees according to the creasings.  

 

Figure 11. The figure shows how the packages were folded to enable for transport. 
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When the first packaging was finished, a new carton board was placed on the CAM table and 
the procedure was repeated. When all packages of a certain material were constructed, a new 
matrix was created for the next material. When all packages had been made, the packages 
were wrapped in bubble wrap for protection against external loads.  

3.2 Laboratory tests  
All packages were placed in the lab 90 hours prior to the testing to ensure that all cartons were 
affected by the similar climate. This was done to avoid possible differences between the 
packages. In the same environment as the packages, a climate log was placed to document the 
temperature as well as the humidity of the room. The climate log documented the parameters 
before and every six minutes during the laboratory, to investigate whether the climate was an 
influencing factor for the result or not, see figure 12 for climate logging results. The standard 
climate for testing packages is a temperature of 20 degrees Celsius and a humidity of 50 %. If 
the humidity or temperature was too high or too low, this could be a source of error. The 
packages were also erected 90 hours prior to the laboratory test to reduce tension in the 
creases. 

 

  

Figure 16. The figure describes how the packages were folded to enable for transport. 

 

Figure 12. The figure shows the climate when the tests was performed. The two red lines to the left 
indicates when the packages were erected. The two lines to the right indicated when the tests were 
performed. The Y-axis stands for the temperature and the relative humidity. The X-axis shows the 
timeline in hours. The blue line indicates the temperature in °C and the yellow line indicates the 
relative humidity in percent. 
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To achieve repeatability when examining the packages, a placement template was created on 
which the packages would be placed. The template was placed under the BioTac sensor with 
the sensor at a distance of 2/3 from the bottom and 22 mm in, see figure 13. The packages 
were placed in the same direction with the top of the packaging closest to the BioTac sensor 
and the opening tab towards the laboratory operators. This was accomplished to achieve 
objective repeatability during the testing. The authors made a hypothesis that packages are 
usually gripped at the top, and therefore the BioTac sensor was placed 2/3 from the bottom. 
 

The BioTac sensor and Lloyd equipment were started and so was the associated software, 
called NEXYGEN (personal communication, Eriksson D, 28/03-2017). The software for the 
Lloyd equipment was assigned the settings as shown in table 2. The given settings for the 
software were applied and the first packaging in category A was placed under the BioTac 
sensor according to the placement template, see figure 14. The BioTac sensor was moved 
downwards towards the packaging until the sensor had a direct contact with the packaging. 
The Lloyd equipment’s remote gauge was reset and the BioTac sensor moved one millimetre 
upwards, as seen in figure 14. This was performed to see when the BioTac sensor encounters 
the packaging on the graphs. 
  

Figure 13. The figure shows the placement template and where the BioTac sensor should be 
positioned.   
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The recording for the BioTac sensor was started and then the script for Lloyd were started. 
When the test was completed, all data was saved and packaging two in the A category was 
placed under the BioTac sensor according to the placement template. The same procedure was 
repeated until all the packages were tested by the same method. 

  

Settings Lloyd LR5K  

Load 12 N 

Distance from zero 10 mm 

Speed 60 mm/min 

Table 2. The table shows the settings that were assigned to the Lloyd LR5K software.   

A B 

Figure 14. Image A shows how the packaging was placed under the BioTac sensor according to the 
placement template. Image B describes how the BioTac sensor was given a new zero, by moving 
the sensor 1 mm upwards after direct contact with the packaging. 
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3.2.1 Summary of lab data 
In compilation, data were taken from the BioTac software and Nexygen. The files were 
renamed to common names and imported to the software program Grippy. In Grippy, data was 
compiled into linked files and a common graph was plotted, see figure 15. The X-axis 
describes the tests over time and the Y-axis describes the load in percent, from 0% load to 
maximum load. The linked data could then be exported and saved as new files. These files 
were then processed in Microsoft Excel, where data was divided into separate columns for 
time units, sensors, load and extension. The time column and 19 sensor columns combined 
created a common graph for BioTac. Load and Extension Columns together constituted a 
graph showing how load and extension became for the material that were tested. Since six 
tests were performed for each material, 24 graphs were designed. Average graphs for each 
material were obtained in Excel, which gave a total of four graphs for the different materials. 
These graphs were analysed and compared to each other to see differences in the properties of 
the material.  

  

Figure 15. The figure shows how the two graphs from the BioTac sensor and the Lloyd machine 
were combined to create one file. This was performed to synchronize the time axis.   
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3.3 Consumer panel 

3.3.1 Respondents 

The number of assessors on the panel was 30 people, of which 23 were women and seven 
were men. These persons hand sizes ranged between 15,3-20,3 cm. The average age for the 
assessors was approximately 24 years, see table 3. The dominant hand of the respective 
respondents was documented by measuring the underside of the hand, from the beginning of 
the palm to the tip of the middle finger, see figure 16. The hand sizes were divided into three 
separate categories; small, medium and large, to enable an analysis of the correlation between 
hand sizes and perceived grip stiffness. See table 4 to see the intervals of the different hand 
sizes. 

 

 

 

Table 3. The table shows each assessor and their age, sex and hand size. 

Figure 16. The figure shows how the 
assessor’s hands were measured. 
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3.3.2 Inserts 
To produce a more realistic feeling for respondents, inserts were placed in each test 
packaging, see figure 17. These inserts created a more realistic feeling, as packages are 
usually gripped with an associated content. These inserts should not affect the grip stiffness of 
the packaging, and were therefore placed in the centre of the packages. The placement of the 
inserts meant that respondents could not grip or feel the inserts when they performed the 
consumer study. The overall weight of the packaging was not deemed essential for this 
particular study, due to packages in stores have weight differences and therefor a random 
weight of 510 grams was arbitrarily used for inserts. 

  

Small 15–16 cm 

Medium 17–19 cm 

Large 20–22 cm 

Table 4. The table shows the intervals for the different hand sizes. 

Figure 17. The figure shows the construction of the inserts. The inserts  
were placed in every packaging and weighed 510 grams.  
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The number of packages used in the consumer panel was 120, they consisted of four different 
materials and 30 packages were made of each material. See table 5 for the quantity of 
packages, which material they consisted of and the names the packages were assigned. The 
three-digit designations were randomly assigned according to the ISO 8587: 2006 standard, in 
order to not affect the respondents by packages names. In addition to the 120 packages used 
for the consumer panel, 18 packages were used but not included in the consumer study. These 
packages had a significant difference in perceived grip stiffness and were therefore used as 
training materials for assessors before the tests. Assessors were allowed to grip the 
educational packages as described, to provide an understanding of what they should look for 
in the latter consumer panel. 

 

3.3.3 Preparations and instructions for consumer panel 
The consumer study was conducted using a convenience selection and consisted of assessors 
that were available and nearby the area [20]. Respondents were called individually into a test 
room with a steady temperature of 22°C, and the room would affect the respondent as little as 
possible according to the ISO 8587: 2006 standard. The relative humidity was not measured, 
due to absence of a climate log. The assessor was informed of what was to be done and what 
the person would consider in conducting to the consumer survey. The respondent's hand was 
placed over a ruler to measure the person's hand size. Two educational packages, A and B, 
with different grip stiffness were assigned to the assessor and the person received instructions 
on how to examine the packages. The assessor was given following instructions for the two 
educational packages: 

  

Product grammage Dimension Designation Quantity 

White 290 gsm 98 ∗ 98 ∗ 280 136 30 

White  340 gsm 98 ∗ 98 ∗ 280 079 30 

White  370 gsm 98 ∗ 98 ∗ 280 492 30 

White  400 gsm 98 ∗ 98 ∗ 280 285 30 

White 290 gsm 98 ∗ 98 ∗ 280  6 

White  340 gsm 98 ∗ 98 ∗ 280  6 

White  400 gsm 98 ∗ 98 ∗ 280  6 

Sum    138 

Table 5. The table shows the packaging grammage, their dimension, and the quantity of packages. 
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• There is a difference in grip stiffness between the two packages. 
• Packaging A should be examined first, then packaging B.  
• After the two packages have been examined, the respondent may examine the 

packages further. 
• If the respondent felt any differences in grip stiffness between the packages, the 

respondent should inform the perceived differences to the test operator. 
If the respondent had questions, they were clarified before the examination. 

After the educational packages were tested, the actual examination was initiated. Four 
packages with same geometry but consisting of different materials were placed on a table in 
front of the respondent in a specific order. The order was used to prevent the respondent from 
being affected by the position of the packages. The assessor had to sit on a chair in front of 
the table, to create a comfortable position during the test. Descriptions of how the test was to 
be performed, how the assessor should grip the packages and what would be documented was 
presented. The documentation template was designed according to ISO 8587: 2006 standard. 
See figure 18 for the documentation template. 

Respondents were assigned the following instructions before test: 

• During the packaging survey, no communication between the respondent and the 
instructor was allowed. 

• The four packages must be examined in the order laid out on the table. 
• The packaging should be ranked from least grip stiff to most grip stiff, according to 

the respondent's opinion. 
• The packages are inspected one at a time until all packages are examined. When all 

packages have been examined, the respondent may change the order and compare 
several packages at the same time. 

• The insert weight of each packaging is the same. 
• When the respondent is satisfied with the rankings, the packaging designation must be 

documented on the documentation template.  
 
Any question(s) from the respondent were answered before the examination. 

Figure 18. The figure shows the documentation template the 
assessors had to fill in after the test. 
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When the respondent had completed the survey, the purpose of the panel study and the 
purpose of the thesis were explained. This information was presented after the examination in 
order to not affect the respondent's mind set or behaviour. After the respondent completed the 
survey, all necessary information was documented and the test could be repeated by the next 
respondent. 

3.3.4 Methodical and ethical principles for quantitative methods  

In quantitative studies, it is important to achieve validity and reliability for the results to be 
reliable and useful [20]. Validity means whether the measurement tool really measures what’s 
meant to be measured. In this case, it means that the respondents' testing really measures grip 
stiffness and nothing else. There are a variety of types of validity, including surface validity, 
which is a way of measuring the validity of the measure of a term. The surface validity 
indicates that the measurements can reflect the content of the current term. To do this, you can 
ask experts in the field to determine if the measure seems to reflect the term [20]. The expert 
in this case is the project supervisor, who has been given the task to determine whether this 
way of investigating the ability of humans to assess grip stiffness is valid. Reliability 
measures issues related to the conformity of the measurements. In order to determine whether 
a measure is reliable, three key factors are involved: stability (if the measurements over time 
are so stable that the results should not differ to a large extent, or if you do the same 
measurement two or more times consecutively), internal reliability (if the respondents score 
on one of the indicators is related to their marks on the other indicators) and inter-assessment 
reliability (the correspondence between the assessors or observers’ interpretations) [20]. The 
stability has been achieved by following a script during the testing, the packages were 
identical and placed in the same order, and the temperature was measured to see if the climate 
would have an impact on the testing results. Internal reliability has been achieved since the 
respondents ranked the packages, not giving them points values. This eliminated the risk that 
the respondents gave misleading information. Inter-assessment reliability has been achieved 
since observers agreed on the interpretation of the result. Although validity and reliability can 
be distinguished purely theoretically, it is also important to be aware that the terms are related, 
since validity implies reliability - if a measurement is not reliable it cannot be valid either 
[20]. 

For all research, researchers must follow basic ethical issues, including anonymity and 
voluntary for those involved. There are four ethical principles [20]; the information 
requirement means that all respondents are informed about the purpose of the survey. When 
respondents were asked to participate in the study, they were informed briefly about the 
purpose of the study. The respondents received a more in-depth statement after the test was 
carried out, in order not to affect how respondents acted in the test moment. 

The consent requirement is that the participants themselves have the right to decide on their 
participation in the study. By using a selection where passing-by students was asked to 
participate, all of them could in the initial contact choose whether to participate or not. 
The confidentiality requirement means that all information about the respondents is treated 
with the greatest possible confidentiality, the participants must be kept anonymous. This has 
been achieved by solely collecting information about the respondent’s age, gender and hand 
size. Finally, there is the usage requirement, which states that the data collected on individuals 
can only be used for study purposes. 
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4 Results 

4.1 Consumer panel 
Table 6 shows the respondents' individual assessment of the respective packaging in the 
consumer survey. The table describes, inter alia, the sum each individual gave the respective 
material, the total sum for each packaging and the average for the four different packages. The 
rank sums from the consumer survey was estimated with a risk of error less or equal to 5%. 
This meant, the rank sums can be significant at a risk less or equal to 5%. [18] 

 
  

Table 6. The table shows the rank sums each assessor gave the packages and the average value 
for each packaging. 
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Packaging White 400 gsm has been awarded the highest average of all packages, and is 
therefore considered to be the most grip stiff from a consumer perspective. Table 6 describes 
how packaging White 340 gsm and White 370 gsm has been ranked differently by many 
respondents. This can be interpreted as these two packages are the most difficult to rank 
according to the consumer panel. Packaging White 290 gsm has been ranked as the least grip 
stiff from 28 out of 30 respondents and is therefore interpreted as the least grip stiff. Diagram 
1 describes the average for each packaging according to the consumer panel. 

 

  

Diagram 1. The diagram shows the average rank sum each packaging was given by the assessor. 
The packaging with the highest average is considered to be most grip stiff. 
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Diagram 2 shows the average score for each packaging from a gender perspective. The chart 
describes that the difference between men’s and women's ranking was negligible. 

 

The null hypothesis, there is no difference in rank sums for the sexes was not rejected, 
therefor there is no correlation between gender and grip stiffness. Both genders could perceive 
grip stiffness with a risk of error less or equal to 5%. If the null hypothesis was not rejected, 
the result cells was given a green colour, see figure 19. The T-test value was low, and 
therefore there is no differences between the genders. 

  

Diagram 2. The diagram shows the average rank sums for each packaging from a gender 
perspective.  

Figure 19. The figure shows the T-test between the different genders. The T-test value 
describes that there were no differences between the genders.  
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Diagram 3 shows the average rank sum for each material and how it was affected by the 
assessor’s hand size.  

The null hypothesis, there is no difference in rank sums for different hand sizes was not 
rejected for every packaging except one. Packaging White 290 gsm was perceived as 
dissimilar grip stiff by the combination small and medium. Therefor there is no correlation 
between hand size and grip stiffness, see figure 20 and 21. If the null hypothesis was rejected, 
the result cells was given a green colour. If the null hypothesis was not rejected, the result 
cells was given a red colour, see figure 20 and 21. The T-test value was low, and therefore 
there is no differences between the different hand sizes. 

 

 

 

 

 

Diagram 3. The diagram shows how the three different hand sizes ranked the four packages.  
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Table 7 shows how the individual respondents ranked the packages. The green-marked fields 
indicate that the respondent placed the packages in an order that matches the surface weights 
of the packages. The yellow-marked fields indicate that the respondent placed the packaging 
in a sequence that corresponds to the surface weight of the packaging. However, it has not 
performed this for all packages. The red-marked fields indicate that the packaging is not 
placed in a ranking consistent with the corresponding surface weights for the packages. 

  

Figure 20. The figure shows the T-test for the different hand sizes for packaging White 290 and 
White 340. 

Figure 21. The figure shows the T-test for the different hand sizes for packaging White 370 and 
White 400. 

A B 

A B 
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To see if the packages are perceived as different from each other, the Freidman test value 
(equation 1) was examined. 

𝐹,-.,	 =
12

30 ∗ 4 4 + 1 32' + 66' + 85' + 117' − 3 ∗ 30 4 + 1 = 75,88 

𝐹 = 42,6 [19] 

The Freidman test value is greater than the F value, and therefore it can be concluded that the 
four samples has been perceived as being different from each other. 

The LSD value (equation 2) was calculated to see if the packages are perceived as different 
from each other. 

𝐿𝑆𝐷 = 1,96 ∗
30 ∗ 4 ∗ 4 + 1

6 = 19,6 

 

Table 7. The table shows in which order each assessor ranked the different packages.  
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𝐴 − 𝐵:	 32 − 66 = 34 𝐵 − 𝐶:	 66 − 85 = 19 

𝐴 − 𝐶:	 32 − 85 = 53 𝐵 − 𝐷:	 66 − 117 = 51 

𝐴 − 𝐷:	 32 − 117 = 85 𝐶 − 𝐷:	 85 − 117 = 32 

Every combination except B-C was greater than the LSD value, and therefore the packages 
are perceived as different from each other. The B-C combination was almost equal to the 
LSD-value, therefor this combination can almost be interpreted as significantly different from 
each other. 
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4.2 Lab results 
Data from the six individual tests for each material was compiled to an average of the 
respective electrodes. This was done to simplify the analysis of the graphs as well as to 
provide a representative graph for each material. The fluid pressure for each packaging was 
also compiled to an average for each material class, to enable analysis. The results were 
estimated with an error less or equal to 5%. This meant, the results can be significant at a risk 
less or equal to 5%. The Diagrams combined with measuring data will determined if the 
BioTac sensor can perceive differences in grip stiffness for the packages.  

Diagram 4 shows the results obtained from testing of the packages White 290 gsm. The figure 
shows the impedance of electrodes as a graph over time. In addition to the curves representing 
the 19 electrodes of the BioTac sensor, the fluid pressure is also described as a curve. The 
graph describes how the central electrodes of the BioTac sensor are subjected to the most 
stress and give a clear deviation from the normal value. Electrode 17 gives the most impact 
when the packaging has been pressed to the maximum specified distance and at the time 13 
seconds, see figure 22 for the electrodes placements. Diagram 4 describes the entire course of 
action of the laboratory. From no loaded load to the maximum specified compression and 
finally where the load begins to depart from the packaging. The graph also describes how 
most the electrodes are relatively unaffected by the load. This depends on the design of the 
BioTac sensor and the geometry of the packaging. At a vertical load, the outermost sensors 
are affected very little and therefore do not give a significant impact. 

Figure 22. The figure shows the 19 different 
electrodes and their position on the BioTac 
sensor.  
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Diagram 5 shows the results obtained from testing of the packages White 340 gsm. The graph 
shows how the electrodes were affected more than they were for the material White 290 gsm, 
especially the central electrodes. The graph also shows how electrode number 17 gave a more 
widespread and more powerful impact than the electrode did in Diagram 4. This can be 
interpreted as the material is stiffer than White 290 gsm. The graph also shows how the fluid 
pressure increased at the same load as it did in diagram 4. This can also be interpreted as the 
material being more grip stiff than the material White 290 gsm.  

  

Diagram 4. The diagram shows the lab tests for packaging White 290. The diagram shows how 
electrode 17 gives a deep but narrow impact. 
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Diagram 6 shows the results obtained from testing of the packages White 370 gsm. The graph 
shows how the electrode number 17 gives the same low but more pointed look than the same 
electrode received for the White 340 gsm material. The diagram describes how the electrodes 
were more affected than they were for the White 290 gsm material. Diagram 6 describes how 
the electrodes E07, E09 and E10 give a higher impact than for the White 290 gsm material. 
This explains that the material is stiffer than the White 290 gsm material. The graph also 
describes how the fluid pressure curve gives a lower result of about 213 Pa than for Diagram 
5. 

  

Diagram 5. The diagram shows the lab test for packaging White 340. The diagram shows how 
electrode 17 gets a deep and wide impact 
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Diagram 7 shows the results obtained from testing of the packages White 400 gsm. The graph 
describes how the electrodes E07, E09, E10 and E17 produce a significantly greater and more 
widespread result than for the White 370 gsm. This can be interpreted as the material being 
stiffer than the White 370 material and thus more grip stiff. The figure describes how the fluid 
pressure was higher than White 370 gsm but lower than White 340 gsm.  

 

 

 

 

Diagram 6. The diagram shows the six different lab tests for the material White 370. The diagram 
shows that the fluid pressure gave a lower result than for the material white 340.  

Diagram 7. The diagram shows the six different lab test for the material White 400. The 
diagram shows how the electrodes E10 and E17 gave a wide and deep impact. 
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Figures 23-27 shows if the null hypothesis is rejected or not for five different electrodes. 
These electrodes were chosen by their central position on the front of the BioTac sensor, see 
figure 22. The null hypothesis was that there is no difference between the packages. If the null 
hypothesis was rejected, the packages can be distinguished. If the null hypothesis was 
rejected, the result cells was given a green colour. If the null hypothesis was not rejected, the 
result cells was given a red colour. To attempt to imitate an average load of consumers 
clamping force, 6 N was considered a reasonable value to examine. Figures 23-27 shows that 
BioTac finds it difficult to perceive differences for the materials. Electrode 17 in figure 23, 
shows that the BioTac sensor could detect differences in four out of six combinations of 
packages. In figures 23-27, the BioTac sensor could perceiving differences in three out of six 
combinations materials. 

 

 

 

Figure 23. The diagram shows the T-test performed for electrode 17 at a load of 6 N. The diagram 
shows how the BioTac sensor could perceive differences for some materials.  

Figure 24. The diagram shows the T-test performed for electrode 7 at a load of 6 N.   



2017-06-15 A Romin, A Karlsson 36 (44) 

 

 

 

Figure 25. The diagram shows the T-test performed for electrode 8 at a load of 6 N.   

Figure 26. The diagram shows the T-test performed for electrode 9 at a load of 6 N.   

Figure 27. The diagram shows the T-test performed for electrode 10 at a load of 6 N.   
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Diagram 8 shows how the 19 electrodes were affected for the different materials at a load of 6 
N. The diagram shows how the greatest spread is for the electrodes 7-10 and electrode 17. 
The measurement points are joined by curves to more clearly see the connection between each 
materials measurement points. 

 
Figure 28 shows the T-test of average pressure for each packaging. The null hypothesis was 
that there is no difference between the packages. If the null hypothesis was rejected, the 
packages can be distinguished. If the null hypothesis was rejected, the result cells was given a 
green colour. If the null hypothesis was not rejected, the result cells was given a red colour. 

  

Diagram 8. The diagram shows how each electrode were affected at a load of 6 N for the different 
materials. The diagram shows how there is a difference between the four materials, however it is 
not that great between each material. 

Figure 28. The figure shows how the BioTac sensor could distinguish the packaging combinations 
White 290 gsm – White 400 gsm and White 290 gsm – White 370 gsm. 
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5 Discussion 

5.1 Valuation of results 
The results obtained from the consumer panel are considered to be significant. Respondents 
were statistically able to distinguish all materials besides materials White 340 gsm and White 
370 gsm with good margin. These materials are relatively close to each other and can 
therefore be perceived as similar by a consumer. It should be added that the difference in rank 
sums for packages White 340 gsm and White 370 gsm was very close to the LSD value, and 
can therefor almost be interpret as significant.  

The results that arose from the consumer panel can be considered credible. Respondents 
received clear descriptions of how they would perform the investigation and what they would 
take in consideration. However, all respondents were untrained and not involved in the 
subject. This might affect the validity of the investigation and may be considered as 
misleading, as respondents may have been searching for properties such as thickness, weight 
and stiffness. 

When performing the consumer panel, the assessors hand sizes were measured. A T-test was 
performed to see if different hand sizes and grip stiffness was associated. The T-test showed 
that the different hand sizes perceived grip stiffness equally. The results cannot be interpreted 
as significant due to the very limited number of assessors with small or large hand sizes. 

The T-test performed in the consumer panel, was not performed correctly according to a 
standard T-test. The assessors were allowed to rank packages by perceived grip stiffness, not 
score them. This resulted in packages being affected by one and other. If one packaging was 
placed as least grip stiff, another packaging could not obtain the same value. The packages 
therefore were depended on each other. This probably did not affect the results considerable, 
since assessor often felt a difference between the packages.  

Rank data does not have a normal distribution, which is an assumption of the T-test. The 
number of tests were quite few and they all have low statistical strengths. This contributes to 
the fact that many false negative and positive results will occur. It would have been better if 
the tests were divided for individual issues and not based on incorrect assumptions and 
assessments. Instead, these tests would include all relevant data and answer individual 
questions. 

The BioTac sensor could distinguish packages with large differences in grammage. This 
shows in figure 23, where electrode 17 distinguish three out of four combination of packages, 
at a load of 6 Newton. Electrode 17 could not perceive differences between the combinations 
White 340 gsm - White 290 gsm and White 370 gsm – White 400 gsm. The grammage of 
these packaging combinations are close to one another, therefor the BioTac sensor may not 
perceive them as different. 

Every electrode examined could perceive differences between the packaging combinations 
White 290 gsm – White 370 gsm and White 290 gsm – White 400 gsm. This indicates that the 
BioTac sensor could perceive differences between packages with dissimilar grammages. 
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The results that arose from the test may be considered difficult to interpret. The results 
describe how the BioTac sensor had difficulties to perceive differences in grip stiffness 
between materials. The results are considered less trustworthy as the consumer panel could 
perceive significant differences between the packages. The misleading result is probably 
affected by the sensors variations for each packaging. The sensors varied up to a 1000 units 
for one of six packages made of the same material and at the same load of 6 N. This led to an 
unnatural average and thus, a misleading result. 

The diagrams which were produced during the lab tests, can be complicated to interpret. The 
electrodes combined with the pressure fluid creates 20 different curves and many curves had a 
similar value and were therefore overlapping each other, which led to interpretation 
difficulties. 

Figure 12. shows that the climate has varied a lot during the time when the laboratory test was 
conducted, which may have had an impact on the packages properties. The temperature was 
kept steady between 21°C and 23°C, but the relative humidity dropped from 27%RH to 
23%RH over the night.  

Because the selection method for the consumer panel was designed as a convenience 
selection, people were randomly selected outside the test room. This selection method was 
considered reasonable and easy to implement, to quickly bring together a desired number of 
participants. This provided a specific target group and they were not trained in this area. This 
contributed to the fact that there was a gender gap among the respondents. There were 
significantly more women than men who participated, but according to the results, there were 
no difference between how men and women preformed. The result can be difficult to apply to 
a larger population, as respondents were in similar ages and were students. For more 
significant results, the panel study should be conducted with more participants and at different 
ages. 

Generalization of the results that arose from the thesis, can be applied in several different 
applications. For example, the results can be used to determine which measurement method 
will be used to measure grip stiffness in larger jobs. The thesis can be considered useful as it 
appeared that a consumer panel has a good ability to perceive and rank packages according to 
grip stiffness. 

The thesis may be useful to manufacturers of packages. The thesis indicates that a consumer 
panel has a better ability to perceive grip stiffness and should therefore be used as a 
measuring method. If manufactures use a consumer panel, less grip stiff packages can be 
rejected and therefore not end up in stores. The environmental impact would be reduced, due 
packages with undamaged content will not be thrown away because of their poor grip 
stiffness.  

The authors only used measurement data in form of force, impedance and fluid pressure from 
the BioTac sensor. Lack of time led to the authors not using all data from the BioTac sensor. 
With more measurement data, the results may be different, however the authors do not think 
so due to variations in measured data from the tests.  
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Sources of error may have affected the credibility of the results obtained in connection to the 
thesis. Sources of error may have occurred in form of: 

• Variations in how the packages were erected. Variations in the erecting process can 
affect the robustness of the packaging and thus affect the results. None of the authors 
has any previous experience in this area. No visual differences in packaging erection 
could be seen by the authors, however this source of error could not be ruled out. 
 

• When making the packages, double-sided tape was used as a method of joining. The 
tape can be applied differently to the packaging and can thus affect the result. 
However, the authors could not see any visual differences between how the tape was 
applied on the packages.  
 

• During the laboratory tests, the placement of packages under the BioTac sensor may 
have varied and hence affected the results. A placement temple was used to avoid 
displacement and therefore, this is considered to be a minor source of error. 
 

• The relative humidity varied rather much before and during the laboratory phase, see 
figure 12. This may have affected the physical properties of the packages and may 
result in less credible results. 
 

• The consumer study consisted of a comfort selection and may have resulted in the 
respondents feeling stressed and thus not fully focused. The authors saw no 
indications of stress or nervousness for the assessors. 
 

• The packages were tested in a specific order, where all packages for a particular 
material were tested in sequence. This may cause the packages to be affected 
differently, due changes in the relative humidity over time. Although, as seen in 
section 3.2 and figure 12, the changes were minor and decreasing, therefore this 
source of error should not affect the result. 
 

• If the BioTac sensor is not positioned flat against the packages surfaces, the electrodes 
may provide misleading results for different packages. 

The thesis objective to investigate whether the BioTac sensor can be used as an objective 
measurement method to investigate grip stiffness for different packages has been achieved. It 
is hard to say what are the reasons why our results considered BioTac less useful for the 
measurements. In previous work, "A Comparison Between Two Methods for the 
Measurement of Grip Stiffness of Carton Board Packages", it appeared that bioTac was 
considered suitable for an objective measurement method [10]. However, there are many 
indications that these sources of error may have had a major impact on why the final result is 
not consistent with last year's work. 
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5.2 Future investigations 
This thesis can be used in future studies on how to measure grip stiffness for packages. The 
results that arose with this thesis, can be used as a guidance for larger projects when selecting 
a measurement method for grip stiffness. To ensure that the results are reliable, more tests in 
carefully controlled climates should be performed. This is to ensure that external factors are 
not directly affecting for the packages and therefore minimizing the risk of errors. 

In future studies, packages should also be examined with different pressure points. The thesis 
only used one pressure point for every package and thus, the result may not be reliable for 
other pressure points. 

A clear standard for analysing measurement data that occurs in connection with BioTac tests, 
should be applied. This can be useful as the results can be considered difficult to interpret. 
With a clearer course of action, errors in form of incorrect interpretations can be reduced. 
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6 Conclusions 
 

• The consumer panel had a good capability to perceive differences in grip stiffness, 
when comparing packages consisting of different materials, as seen in section 4.1. 
Consumer panels can therefore be used as a measuring method. 
 

• The BioTac sensor could perceive differences between packaging combinations with a 
major difference in grammage. Therefore, the BioTac sensor can be useful when 
examining grip stiffness for packages with a major difference in grammage, see 
section 4.2. 
 

• The BioTac sensor’s results can vary between different packages of the same material. 
These variations have a significant impact on the result if few tests samples are 
examined and therefore, the BioTac sensor should not be used if few test samples are 
to be examined, see section 5.1. 
 

• The BioTac sensor do not have sufficient ability to find differences in grip stiffness for 
different packages, see section 4.2. To make the BioTac sensor work properly, the 
sensor needs to be more accurate when examining packages made of the same 
material. 
 

• The BioTac sensor should not be used as an objective measurement method, as the 
results varied too much for packages of the same material, see section 5.1. 
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Appendix A: Material specification 
Table from BillerudKorsnäs. The table is approved from BillerudKorsnäs representative Mr. 
Christophe Barbier. 

Property Unit White 290 White 340 White 370 White 400 

Basis weight g/m' 290 340 370 400 

Bending resistance 
L&W 15° MD 

mN 430 680 860 1110 

Bending resistance 
L&W 15°  C 

mN 230 370 480 610 

Compression strength 
SCT MD 

kN/m 6.9 7.7 8.3 8.8 

Compression strength 
SCT CD 

kN/m 5.5 6.3 6.8 7.2 

 

 


