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Sammanfattning 

En förstudie över fyra olika big-geometriers inverkan på greppstyvhet av 

kartongförpackningar har utförts. Syntouch Biotac, tryckprovare och bigmätningar har 

använts för ändamålet. Totalt har 40 kartongförpackningar tillverkats och testats för denna 

rapport. Det fanns att big-geometrier har en inverkan på skillnaden mellan styvhet innan och 

efter kollapslast av kartongförpackningen. Det fanns även att vibrationsutslag från Syntouch 

Biotac kunde skilja olika big-geometrier åt vid kollapslast i majoriteten av fall. Till fortsatt 

arbete föreslås att använda likadan metod på flera kartongförpackningar för att kunna utföra 

en nogrannare statistisk analys samt att undersöka styrkan hos de interlaminära bindningarna 

mellan kartongskikten för att bättre förstå skadeförloppet vid kollapslast. 

 

Nyckelord: styvhet, big, syntouch biotac, greppstyvhet 
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Abstract. 

A pilot study comparing the influence by different crease geometry on the grip stiffness of 

carton board packages has been executed. For this purpose, Syntouch Biotac, Lloyd LR5K 

tensiletester and crease measurements have been used. In total, 40 packages were 

manufactured and tested for this report. It was found that different crease geometries do have 

an effect on the difference in stiffness before and after collapse load. It was also found that 

vibration signals from Syntouch Biotac could be used to differentiate between different crease 

geometry at the instant of collapse load in the majority of cases. For continued work it is 

proposed that the same method used in this report should be applied on a larger number of 

packages. This is proposed so that a more thorough statistical analysis can be performed. It is 

also proposed, for continued work, that the interlaminar bonds between the plies of the carton 

boards be examined to gain a better understanding of the damage progress at the instant of 

collapse load. 

Key words: stiffness, crease, syntouch biotac, grip stiffness 
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1 Introduction 

1.1 The company 

BillerudKorsnäs AB is a world leader in the manufacturing of fiber based packaging material 

and packaging solutions. BillerudKorsnäs AB customers are packaging manufacturers, 

retailers and brand owners, TetraPak is one example. BillerudKorsnäs AB has retail offices in 

several countries such as France, Spain, China, Thailand, Turkey and Sweden. The production 

takes place in Sweden, Finland and England. One of BillerudKorsnäs largest market segments 

is the food- and liquid packaging board segment, where liquid packaging board makes out 

34% of the entire sales volume. [1] 

Parts of the laboratory work done in this report have been carried out on site at 

BillerudKorsnäs AB in Frövi, Sweden. BillerudKorsnäs AB factory in Frövi, Sweden, has 

approximately 630 employees and produces 450.000 tons of liquid packaging board and 

cartonboard each year. In total, BillerudKorsnäs AB has just over 4200 employees worldwide 

and has revenue of 22 Billion SEK. 

1.2 The project 

The aim of this thesis is to examine if different conversion methods influence the perceived 

grip stiffness of paperboard packaging. What is being referred to as conversion methods in 

this thesis are different creasing geometries. This thesis is part of a larger research project 

named “A new Model for Deformation of carton board Packages by Manual Handling”. The 

thesis will lead to the evaluation of the mechanical properties of the crease as well as the 

impact of the crease on the grip stiffness of carton board packaging. Grip stiffness is not a 

well-defined term but is being defined in this report as whatever is being measured by the 

Biotac equipment. The laboratory work was carried out on site at Örebro University and at 

BillerudKorsnäs AB facility in Frövi, Sweden. Grip stiffness and creasing are two frequently 

used terms throughout this thesis and will be explained in further detail in sections 3.4 and 3.5 

respectively.  

 

 

 

 

 

 

 

 

 



 

ev 07, 2017-03-25 J Kjellander, S Hilmerby, L Pejryd, P Karlsson  7 (64) 

2 Background 

In this section the problem is first explained. It is followed by a hypothesis stated by 

BillerudKorsnäs AB. In section 2.3 and 2.4, previous and current work by BillerudKorsnäs 

AB and relevant work by done scientists in the field of paper physics and paper mechanics is 

touched upon. Lastly, section 2.5 explains the knowledge that must be either possessed or 

gained by the author in order to write this report. 

2.1 The problem 

The problem is a matter of knowing what affects the level of grip stiffness in paperboard 

packaging and preferably how each of these affects it. To be able to predict how a paperboard 

package will feel in the hand of a consumer will open up new possibilities and perhaps even 

new market segments. It would be possible to make paperboard packaging more appealing 

than for example plastic- or tin packaging [2]. This report will try to determine if there is a 

connection between different creases and the grip stiffness as measured with the Biotac 

equipment. The problem can be divided into two parts: 

1. To examine if there is a connection between different creases and the measured grip 

stiffness. 

2. If a connection between different creases and the measured grip stiffness can be 

observed, try to quantify it. 

2.2 The hypothesis 

The working hypothesis from BillerudKorsnäs regarding the crease and measured grip 

stiffness is as follows: 

“(As translatet from Swedish): Our assumption regarding the crease is that the residual 

moment we will have after creasing will affect the boundary conditions on each side of the 

package. When load is put on the side by a finger, the perceived/measured stiffness will 

change”. [3]  

2.3 Previous and current work by BillerudKorsnäs AB 

BillerudKorsnäs are aware that the effects of different properties of carton board affect the 

perceived quality of the carton board packages made from their product. BillerudKorsnäs is 

working together with Tetra Pak to expand the body of knowledge regarding the before 

mentioned effects of carton board properties on perceived quality. Earlier studies, laboratory 

and panel studies are confidential and are not shared by BillerudKorsnäs with the author. 

2.4 Work done by others in related fields 

The author has not found any articles comparing the effect of different creases on grip 

stiffness. Several articles describing experimental and numerical studies on creases have been 

found such as; “Experimental and numerical studies of creasing of paperboard”, Nygårds, 

Just, Tryding [4] , “Numerical and experimental Investigation on paperboard converting 

processes”, Huang [5]  , “Effect of crease depth and crease deviation on folding deformation 

characteristics of coated paperboard”, Nagasawa, Fukuzawa, Yamaguchi, Tsukatani, 

Katayama [6]. 
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Articles have been written on the subject of box compression and damaging of paperboard 

packaging: “How small is a point load”, Eriksson , Korin [7], “Damage to carton board 

packages subjected to concentrated loads”, Eriksson, Korin, Thuvander [8], “Analytical 

Prediction of Package Collapse Loads - Basic Considerations”, Ristinmaa, Saabye Ottosen, 

Korin [9], and “Analytical prediction of package collapse—consideration to windows in the 

packages”, Korin, Ristinmaa, Ottosen [10]. 

Work has also been done showing that costumers are willing to pay more for the same product 

if the packaging perceived to be more luxurious, “Does Touch Affect Taste The Perceptual 

Transfer of Product Container Haptic Cues”, Krishna, Morrin [11]. 

2.5 Technical area 

To take on the task of examining the effect the different creases have on the measured grip 

stiffness, if any, knowledge of material science is needed. Especially, knowledge of paper and 

its properties is important. Further, a basic understanding of a numerical computing program 

to sort through the large amount of data expected to some out of each test will be required as 

will a solid foundation of solid mechanics. Solid mechanics and knowledge of paper 

mechanics will be essential for the discussion and to be able to form conclusions and to make 

suggestions of future work that will build on this report. 
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3 Theory 

This section begins with section 3.1 describing paper and its material properties. The type of 

carton board used for this report is described in section 3.2. The use of multiple plies is 

explained in section 3.3 while the concept of grip stiffness is presented with an example in 

section 3.4. The use of a crease and the creasing operation is explained in section 3.5 and 

lastly Syntouch Biotac if briefly described in section 3.6.  

3.1 Paper and its properties 

Thick paperboard, i.e. paper with a surface weight exceeding 200 g/m
2
 [12], begins its 

manufacturing process as a furnish consisting of over 99% water. The furnish is sprayed onto 

a moving wire [13]. The differences in the speed of the surface of the wire and the speed at 

which the furnish is sprayed onto the wire causes some alignment of the cellulose fibers when 

lading on the wire. The fibers make their way through the manufacturing process and come 

out on reels as finished paperboard. The reels weigh several tons and can be 10 – 40 km long 

when rolled out. 

The alignment of the fibers gives paper products anisotropic strength and stiffness properties. 

A coordinate system is used when referring to different directions on for example a carton- or 

paper board. This coordinate system can be viewed in figure 3.1.1 and consists of three 

orthogonal directions; machine-direction, cross-direction and thickness-direction. These are 

abbreviated MD, CD and ZD respectively. Machine-direction is the direction in which the 

paper runs through the paper machine. The cross-direction is the lateral direction and the 

thickness-direction is the out of plane direction. From now on, MD, CD and ZD will be used 

to abbreviate machine- cross- and thickness-direction throughout the report. The alignment of 

fibers in the manufacturing process favors MD. A finished paper product can be up to 3 and 

300 times stiffer in MD than in CD and ZD respectively. 

 

Figure 3.1.1. The coordinate system used when referring to different directions on a carton- or 
paperboard. [14] 

Strength and stiffness will also be affected by which type of pulp was used for making the 

paper product. The different types of pulps are mechanical pulp and chemical pulp. 

Mechanical pulp refers to wood chips that have been mechanically processed to produce 

smaller wooden fibers. The wood chips are grinded and sheared between steel plates. To 

separate the lignin that holds the fibers together, steam is used in the process. To make it so 

that the end product has sufficient strength for its use, the fibers have to bond well. This is 

done in further processing in a mechanical process called beating or refining.  
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The purpose of this treatment is to make the fibers more flexible. After processing, 

mechanical fibers are mixed with smaller fragments of itself. These fragments are left 

intentionally since smaller particles will create a more uniform fiber structure and a less 

transparent end product [13]. Mechanical pulp used in the carton board in this report is 

abbreviated CTMP (chemi-thermomecanical pulp) and BCTM (bleached chemi 

thermomechanical pulp). The fibers in chemical pulp are separated by cooking wood chips 

together with chemicals that dissolve the lignin holding the fibers together. Different 

chemicals are used to create different chemical pulps. The chemical pulp used in the carton 

board in this report bleached and unbleached chemical pulp. Except for the removal of lignin 

during cooking, the fibers in chemical pulp are left more intact than those in mechanical pulp 

because of the absence of mechanical processing. Fibers in chemical pulp are also longer, 

contributing to a greater strength. Commonly, carton boards are made up of multiple plies, 

each ply made out of either chemical or mechanical pulp. Each ply has different stiffness and 

strength properties depending on the pulp used in the manufacturing process. Because of this, 

plies are put in different places depending on what property is the most desirable for the end 

product reaching the consumer. [13] Section 3.3 sheds light on this idea. 

In addition to the type of pulp and fiber direction, the stress-strain relationship is heavily 

affected by moisture content (MC) and relative humidity (RH). Perhaps the reader can 

remember a point where paper was for some reason dipped in water and was suddenly not at 

all difficult to pull apart. Paper is softened by water and the elastic moduli severely decreases 

as moisture content is increased [13]. As moisture is absorbed by the paper product, the fibers 

come apart. Above a certain level of moisture content, a majority of the fibers has come apart 

and the elastic moduli reaches zero. Figure 3.1.3 shows the stress-strain relations at different 

relative humidities. Two things can be observed; paper is always stronger in MD than in CD 

and the elastic moduli decre ases as relative humidity increases. 

 

Figure 3.1.3. Stress-strain curves for MD and CD. Relative humidities (RH) are 40% and 95%. 
Moisture contents (MC) were 6.6% and 20% respectively. [15] 
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3.1.1 Relative humidity 

Relative humidity is abbreviated RH and is the ratio of the amount of moisture the air can 

hold at a given temperature to the maximum amount of moisture the air can hold at that same 

temperature. The relative humidity changes from 0 percent for completely dry air to 100 

percent for saturated air. Saturated air can hold no more moisture. [16] 

3.1.2 Moisture content 

Moisture content in paper is defined as the weight percentage of a piece of paper/carton 

board/paperboard which is moisture. The moisture content is determined by weighing a piece 

of paper, drying it, and then weighing it again. The weight loss will be due to loss of moisture. 

The weight difference is calculated and expressed as a percentage of the original weight. [17] 

3.2 Cartonboard used in this report 

In this report, carton board materials BillerudKorsnäs Light 310 gsm and BillerudKorsnäs 

Carry 370 gsm have been used. 

3.2.1 BillerudKorsnäs Light 310 

Light 310 is a four-ply carton board with a surface weight of 310 g/m
2
. It is moisture resistant 

and has a triple clay coating for improved whiteness and brightness. The whiteness and 

brightness improves the quality of the print. The top ply consists of bleached chemical pulp, 

the two middle plies consist of CTMP mixed with unbleached chemical pulp and the bottom 

ply is made up of unbleached chemical pulp. In this report, Light 310 is used for packaging 

material and as a creasing matrix for crease C. [18] 

3.2.2 BillerudKorsnäs Carry 370 

Carry 370 is a four ply carton board with a surface weight of 370 g/m
2
. It is moisture resistant 

and has a triple clay coating giving it the same whiteness and brightness as Light 310. Carry 

370 has excellent compression- and tear strength. This together with its moisture resistivity 

makes it perfect for drinks and carrying heavy products. The different plies consist of the 

same pulp and mixture of pulps as the plies in Light 310, even the order they are stacked in is 

identical. In this report, Carry 370 is used as a creasing matrix for crease D. Figure 3.2.1 

shows the layers and how they are stacked in both Light 310 and Carry 370, figure 3.2.2 

shows consumer products made of Light and Carry. [18] 

Carton boards as well as other paper and pulp products are made moisture resistant to enhance 

performance when subjected to long-term loading in humid environments. [13] 
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Figure 3.2.1 (left). A schematic showing the four 
plies of Light 310 and Carry 370 together with 
triple clay coating for improved printability. 

Figure 3.2.2 (right). Packaging made from 
BillerudKorsnäs Carry (top) and Light (bottom). 
Image courtesy of BillerudKorsnäs. 

3.3 Multiple plies 

Bending stiffness is an important property of carton board. It is important because it enables 

the paperboard to be used in a variety of applications. Paperboard can consist of multiple plies 

where the plies are used as outer- or inner plies depending on their properties. For the outer 

layers of the paperboard, high in-plane stiffness and high modulus of elasticity is preferred, 

hence chemical pulp is often used for creating the outer plies. Mechanical pulp is often used 

for creating the inner plies. This is because mechanical pulp creates higher bulk and therefore 

gives the paperboard more thickness than chemical pulp would. This use of stiff and strong 

outer plies together with bulkier and less stiff inner plies gives an I-beam effect that offers 

more rigidity per unit weight [12]. The different plies have to be well bonded together to 

achieve the desired I-beam effect. This can be understood by looking at the formula for 

bending stiffness together with figure 3.3.1.  

    𝑆𝑏 = 𝐸 ∗ 𝐼 = 𝐸 ∗
𝑤∗ℎ3

12
   (Formula 3.3.1) 

Where E is the modulus of elasticity [N/m
2
] , I is the moment of inertia [m

4
], w is the width 

[m] of the specimen and h is the height of the specimen [m]. When formula 3.3.1 is applied to 

the middle section of the I-beam, where the plies made from mechanical pulp would be, it is 

easy to see why a high bulk in the middle plies increases rigidity of the paperboard. In figure 

3.3.1, the middle layers consisting of mechanical pulp are made to look thinner to help 

resemble the web of an I-beam. In reality the middle layers have the same width as the top 

and bottom layers symbolizing the flanges of the I-beam. 
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3.4 Grip stiffness 

Grip stiffness is - despite it not being well defined - a term that is frequently used between 

producers of paper board packaging and their customers [19]. The reader can perhaps imagine 

pouring liquid from a plastic bag. If both hands are not used to support the plastic bag there 

will with outmost certainty be liquid spilled. That type of packaging cannot be said to possess 

any grip stiffness, it is not easy to grip with your hands and it is even harder to pour liquid 

from in a controlled fashion. Another type of packaging that does not possess a lot of grip 

stiffness is the 2 liter plastic bottles containing Coca Cola or a similar beverage. Trying to 

pour from these bottles using only one hand and holding the bottle by the waist will increase 

the risk of spillage as opposed to using two hands. What happens more often than not is that 

the consumer trying to use only one hand will squeeze the bottle too hard because of it 

lacking sufficient stiffness when grip force is applied to its sides. 

Examples of packaging possessing grip stiffness are the packaging containing flagship mobile 

phones from manufacturers such as Samsung or Huawei. The packaging is often 

manufactured from paper board characterized by high surface weight, strength and stiffness. 

The customer is able to firmly hold and squeeze the packaging without damaging or 

deforming it. Examples of carton board packaging in the food- and beverage industry are the 

ones used to hold milk. If an expensive whiskey bottle were to be sold in a carton board 

packaging it is likely that the packaging would be constructed from carton board similar to 

that of the packaging containing expensive mobile phones.  A packaging with sufficient grip 

stiffness feels robust, mediates a sense of quality and the consumer will be able to handle it 

with just the right amount of grip force. Being able to determine grip stiffness in the 

manufacturing process of paper board is important for both the retailer and the producer of 

paper products since it has been shown that consumers are willing to pay more for the same 

product if the packaging feels good in their hands [11]. Grip stiffness is important to the 

consumer as well since the packaging should be easy to handle, use, open and close.  

 

Chemical pulp 
Mechanical pulp 

h 

Figure 3.3.1 A drawing of an I-beam greatly simplifying the use of plies in 
paperboard. The middle ply is made up of bulkier mechanical pulp while the 
outer plies are made up of stronger and stiffer chemical pulp.  
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Figure 3.5.1. Creased blank of Light 310 made with a carton board matrix. The 
creases are pointed out with yellow arrows.  

3.5 Creasing 

3.5.1 What is a crease? 

A crease is a permanent deformation carton board, created intentionally along a defined line. 

It is often referred to as a crease line. During creasing, the plies are separated from each other. 

[6]. A crease is visible as an indent or as a bulging line on the carton board depending on 

which side of the carton board is currently being observed. Figure 3.5.1 shows a creased blank 

of Light 310 used to make the packaging in this report. 

 

 

 

 

 

 

 

 

 

3.5.2 Why is a crease needed? 

The final shape of carton board products is determined when folding the carton board. The 

carton board blank is folded around pre-defined lines when erecting the package. To make 

sure that the carton board folds around these lines, a crease has to be made along that same 

line to facilitate the folding operation. The creasing operation accomplishes this by reducing 

the resistance to folding [20]. The performance of the final package depends on the folding 

quality which in turn depends on the quality of the crease. A well-made crease makes it easier 

to avoid irregular folding lines [21][13]. Figure 3.5.2 shows two pieces of carton board folded 

by hand.  
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Figur 3.5.2. A piece of folded carton board. To the left a folded MD-crease is visible, to 
the right a fold has been made without creasing. The right fold line is irregular due to 
the lack of delamination. 

 

 

 

 

 

 

 

 

 

3.5.3 How is a crease made? 

During the creasing operation, a carton board sheet is pressed into a die sometimes also 

referred to as a matrix. The sheet is pressed into the die by a ruler, referred to as a creasing 

rule [22]. As the creasing rule is pressed into the carton board, shear stresses and compressive 

stresses occur in the carton board, see figure 3.5.3. The shear stresses break the inter-laminar 

bonds and bonds between fibers creating delamination zones where the bending stiffness of 

the carton board is severely decreased, see figure 3.5.4. During compression the normal force 

between each pair of plies increase and therefore friction force increase proportionally. This 

prevents delamination in the middle of the crease during the creasing operation [13]. The 

ultimate goal is to come as close as possible to achieving the effect of a perfect hinge, i.e. a 

crease with zero bending resistance after creasing.  

 

Figure 3.5.3. The principle of the creasing operation is shown on the left. On the right, the position of 
delamination planes and micro cracks are displayed. Source: Mechanics of paper products, Niskanen, 
p.59. 
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A crease can be either and MD-crease or a CD-crease. An MD-crease is defined in this report 

as a crease made perpendicular to the machine direction. In other words, when folding an 

MD-crease the axis of rotation is perpendicular to the machine direction. See figure 3.5.5. 

 

 

 

 

 

 

 

 

Figure 3.5.4. Folding of uncreased (a) and creased (c) carton board. The carton 
board is creased and folded in the MD-direction.  [23]  

Figure 3.5.5. Figure displaying the definition of an MD-crease, CD- and MD-direction. The 
y-axis is the axis of rotation during folding, which is perpendicular to the MD-direction. 
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Channel depth Channel width 
Matrix height 

Creasing depth 

Creasing rule width 

3.5.4 Creasing geometry 

Creasing geometry includes dimensions such as crease depth, channel depth, channel width, 

matrix height, creasing rule width and carton board thickness. To achieve a good crease, the 

creasing rule has to reach a creasing depth just large enough to induce the right amount of 

shear stresses between different plies of the carton board. The channel has to be wide enough 

so that two times the thickness of the carton/paperboard plus the creasing rule width can fit 

inside the channel, otherwise the creasing rule will press the carton board too hard against the 

edges of the channel and the carton board will break [20]. If the channel is too deep, the 

creasing rule might not be able to apply the force intended to the carton board and hence the 

crease will lose definition. This might lead to problems when folding, such as a less defined 

folding line than intended. The creasing geometry used in this report is presented in table 

4.1.2, section 4.1.  

  

  

 

 

3.5.5 Industrial creasing 

The methods by which creasing is carried out in full scale manufacturing of packaging differs 

from the method for creasing used by the author in this report. When manufacturing the 

packaging used in this report, the author used a CAM-machine and a flatbed die for both 

creasing and cutting. Rotary dies may also be used when creasing. 

 

 

 

Figure 3.5.5. Illustration of the creasing operation. Important dimensions for creasing geometry are 
displayed. The red down facing arrow symbolizes the creasing force applied by the creasing rule. 

 

Carton board 
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3.5.5.1 Flatbed die 

A flatbed die contains sharp knives and creasing rules, both inserted in pre-cut channels which 

must have been accurately cut out of a plate. See figure 3.5.6 for a look at a flatbed die, 

specifically one used by BillerudKorsnäs, Frövi. It is common for the plate to be made out of 

steel. Since different packaging varies in size and quality, different set ups of the knives and 

creasing rulers are required. These requirements are met by changing the flatbed that the 

knives and rulers are put in. The knives have sharp edges for cutting through the paperboard 

and the creasing rules have rounded edges suited for creasing. In a flatbed die, the creasing 

rules indent the paperboard by pushing it into a grove, as explained section 3.5.3, see figure 

3.5.3 and figure 3.5.5. This forms the crease and creates sufficient delamination of the 

different plies of the carton board. On each side of the knives there is compressible material, 

usually rubber. When the paperboard is in place and the upper platen containing both knives 

and creasing rules comes down, the rubber is compressed and the knives protrude. After 

cutting the paperboard, some residue of the paperboard might still be left on the knives. When 

both creasing and cutting has been completed and the upper platen is lifted, the compressed 

rubber remains pushing down on the carton board while the knives retract into the rubber. 

This is to clean the knives from any debris left by the carton board when cutting. When using 

a flatbed die, the paperboard has to be stationary during the process. See figure 4.1.1 for a 

view of a flatbed die, specifically the flatbed die used in this report. [22]  

 

 

 

 

 

 

 

 

 

 

 

 

 

Creasing channels 

Creasing rules 

Knives hidden in 

rubber 

Figure 3.5.6. Flatbed die used for creasing  
and cutting package A. Image courtesy of 
BillerudKorsnäs AB 



 

ev 07, 2017-03-25 J Kjellander, S Hilmerby, L Pejryd, P Karlsson  19 (64) 

3.5.5.2 Rotary dies 

Cutting and creasing using rotary dies is done separately as opposed to the flatbed die where 

both knives and creasing rules are put in the same steel plate. Rotary dies are comprised of 

two rotating sets of cylinders. Two cylinders are used to cut the paperboard and two cylinders 

are used to crease the paperboard. There are two different methods of cutting, crush cutting 

and shearing. Crush cutting relies on the knife being able to push through the paper and 

pushing it apart, as one would use a knife to push down on a vegetable and cut it in half. 

Shearing uses offset cylinders; both equipped with raised lands that together act as a pair of 

scissors. When the paperboard comes in between the cylinders, the raised lands cut the 

paperboard by shearing it. Shearing is a rather clean and dust free operation, whereas crush 

cutting can create some paper dust. Shearing also allows for much longer life span of the 

cutting parts than crush cutting. [22] 

 

 

Figure 3.5.7. One of two dies comprising a rotary die system. In production it is paired together with 
another rotary die equipped with creasing channels. Image courtesy of Bernal Rotary Dies 

 

 

Creasing rules 
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3.6 Syntouch BioTac 

The Syntouch BioTac sensor was used together with the Lloyd LR5K tensile tester to measure 

the stiffness of the packages in this report. The Syntouch BioTac is a finger-like sensory 

device capable of feeling pressure and temperature. It consists of a solid core surrounded by 

silicone. Electrodes are placed between the skin and the core and a thermistor is placed almost 

at the tip of the finger. Lastly there is a fluid between the skin and the electrodes, the fluid 

slightly conductive. The electrodes are connected to a circuit that measures impedance, the 

circuit is contained within the core. As external forces are applied, the path of the fluid is 

deformed and the impedance of the electrodes changes accordingly, signaling information 

about what forces are applied.  [24][25][26] 

 

 

Figure 3.5.8. Syntouch biotac. The green silicone skin is visible along 
with the datacord and the black core covered in resin. Image courtesy 
of Syntouch Inc. 
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4 Method 

The working method is explained in eight sub-sections. Creasing, cutting and folding are 

explained firstly, followed by a brief description of the tensile tester and the tests conducted 

using the tensile tester and Syntouch Biotac. An explanation of the calculation of package 

collapse load and stiffness is given followed by a climate log. The working method for crease 

bend tests is explained in section 4.6 and is followed by the analysis of results. Lastly, sources 

of errors are touched upon. 

4.1 Creasing, cutting and folding of blanks 

The packages used in this report were manufactured at BillerudKorsnäs AB, Frövi. In total 40 

blanks were cut out that were later erected to create the 3D-structure of the packages. All 

packages were manufactured from BillerudKorsnäs AB Light 310 gsm. Ten packages were 

cut and creased by a flatbed die, see Figure 4.1.1; these are referred to as crease A throughout 

the report. The remaining packages were cut and creased on a CAM-table, see Figure 4.1.2. 

These were named crease B, C and D respectively. CAM stands for Computer Aided 

Manufacturing. Ten packages were manufactured and put in each group. Creases A, B, C and 

D all had different crease geometry. The channel width, matrix, channel depth and creasing 

rule width for crease A are summarized together with the crease geometry for crease B,C and 

D at the end of section 4.1. 

 

Figure 4.1.1. Flatbed die used for creasing  
and cutting package A. 

 

On the CAM-table different crease geometry was achieved by using a sheet of carton board 

with precut creasing channels as a creasing matrix. The carton board creasing matrix was 

placed under the carton board from which the package blank was cut, see Figure 4.1.3. A 

creasing wheel was rolled on the paperboard, acting as a creasing rule, see Figure 4.1.4. This 

was done to crease C and D while crease B was creased without the use of a creasing matrix. 

Figure 4.1.2. CAM-table used for creasing and 
cutting of package B,C and D. 

Creasing channels 

Creasing rules 

Knives hidden in 

rubber 
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After creasing and cutting out the blanks, the blanks were folded and tape was put on the 

flaps. The reason for not erecting the packages immediately was that the creases had to rest in 

order for residual stresses to diminish. Waiting time until erecting could begin was at least 21 

hours from the time of creasing [27]. The tape used was TESA 9 mm, art 04959. Figure 4.1.5 

shows the blank that was cut out and creased and from which the packages were later erected. 

Figure 4.1.6 shows tape being applied to one of the flaps.  

 

 

 

 

 

 

 

 

 

 

 

 

Another reason for waiting until erecting the packages 

Figure 4.1.3. CAM-table creasing wheel. The 
thickness of the wheel is 0.71 mm. 

Figure 4.1.4. Precut paperboard used as 
creasing channels when creasing using the 
CAM-table. The width of the channels was 
measured to be 1.8 mm. 

Figure 4.1.5. The blank used for 
making the packages. Green lines 
indicates a crease. Measurements 
are in millimeters. 

Figure 4.1.6. Folding and taping of 
a blank. The tape used was TESA 
9mm double bonding. 
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was that the carton board had to acclimatize to the new climate at Örebro University where 

the Biotac-measurements would take place. Acclimatization is important since relative 

humidity and moisture content both have an effect on the elastic moduli of paper [13] and its 

strength [13]. The packages were erected three days before testing began.  

 

Table 4.1.1. Table showing what paperboard was used for each package and what type of matrix was 
used for creasing. 

Crease Package material Creasing matrix 

Crease A BK Light 310 gsm Flatbed die 

Crease B BK Light 310 gsm None 

Crease C BK Light 310 gsm BK Light 310 gsm 

Crease D BK Light 310 gsm BK Carry 370 gsm 

 

Table 4.1.2. Creasing geometry for each crease usen in this report. 

 Crease A Crease B Crease C Crease D 

Creasing rule/wheel 
width [mm] 

0.71 0.71 0.71 0.71 

Channel width [mm] 1.4 No channel 1.8 1.8 

Channel depth [mm] 0.5 No channel 0.451 0.528 

4.2 Tensile tester 

The tensile tester Lloyd LR5K was used during the stiffness measurement of the packaging at 

Örebro University. The tensile tester was equipped with a loading cell with an allowed 

maximum load of 500 Newton. The load cell accuracy is below 0.5%. [28] 

4.3 Testing with Lloyd tensile tester  

Equipment used for taking measurements was the Lloyd LR5K tensile tester and Syntouch 

BioTac, described in section 3.6 and 4.2. A pen was used to draw a line in the middle of each 

package close to the flap. A corresponding line was drawn on the paper attached to the 

fastened steel plate belonging to the tensile tester, so that the packages could be centered and 

placed in an identical manner before each measurement was made, see Figure 4.3.1. 
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A zero level was defined to be 0.50 mm above the surface of the package about to be tested. 

To reach this level the Syntouch Biotac was lowered into the package by the Lloyd LR5K 

tensile tester until it measured a reaction force of 0.01 N. The load cell and displacement 

meter was tarred and the Syntouch Biotac was elevated to 0.50 mm above the package, where 

the load cell and displacement meter was tarred once again. Testing was initiated and when 

the tensile tester had reached the maximum depth set by the user it would return to the zero 

level as defined. 

 

Figure 4.3.2. Zero level before commencing testing with Lloyd LR5K and Syntouch Biotac. 

 

Figure 4.3.1. A mark was made on the paperboard package and on 
the paper secured to the fastened steel plate belonging to the 
tensile tester. 

Carton board package 

Table 

0.50 mm between 

Syntouch Biotac 

and carton board 

package 

Carton board package 

Syntouch Biotac 
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The packages were loaded in the middle, 100 mm from the side. The Syntouch Biotac 

initiated contact 12.6 mm away from the crease into the package. This, and the rotation of the 

package during testing, is displayed in figure 4.3.3. Since the crease geometry was the only 

thing setting the packages apart, the load was applied near the crease to capture its behavior 

during loading. The load was applied in the middle of the package to avoid as much 

interference from the corners as possible even though they are not believed to have much of 

an impact since the damage done to the packages is local. [7] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figur 4.3.3. Package dimensions are shown along with the load placement. It is 
clear from the top picture that the Syntouch Biotac (symbolized by red thumbprint) 
is loading the middle of the package and from the bottom picture that the point of 
contact is 12.6 mm from the crease. 
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To avoid systematic errors, the packages were divided into batches. Each batch consisted of 

four packages. The test scheme for every batch was A-B-C-D, where each letter represented a 

different crease. After a package in a batch had been completed, data files were named 

according to what crease it was and what batch it belonged to. The files where then put in a 

folder exclusively for that batch. To collect data from the tensile tester, a program used for 

materials testing with Lloyd LR5K, Nexygen, was used. Nexygen plotted a force-

displacement curve and would sometimes calculate the greatest slope of the curve and plot a 

tangent, the slope of which was the greatest slope of the load-extension curve where it 

occurred. See figure 4.3.4. 

Package collapse load, often abbreviated PCL, is defined as the strength of the package and is 

shown as a peak in the force-extension/time curves throughout this report. Package collapse 

load is usually followed by a decrease in force in the load-extension/time curves, i.e. a 

negative slope. When it is not, a package collapse load can still be distinguished because it is 

followed by a decrease in stiffness but not so much as make the stiffness negative. Package 

collapse load, PCL, can be seen in figure 4.3.4 where it is marked as “PCL”. Package stiffness 

is defined as the maximum slope before package collapse load in the load-extension/time 

curve; it is marked in figure 4.3.4 as “greatest slope”. [8] Package collapse load is given in 

this report as Newton [N] and stiffness is given as Newton per meter [N/m]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3.4. Force-extension curve is plotted along with package collapse 
load and the greatest slope, the software used was Nexygen. 
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4.4 Calculating stiffness and package collapse load (PCL) 

When measuring the stiffness with the Lloyd LR5K tensile tester and the Syntouch Biotac, 

Nexygen would not always calculate and plot the greatest slope or the package collapse load. 

This happened frequently and it was therefore decided that all maximum stiffness values and 

package collapse loads were to be calculated using a numerical computing software. Nexygen 

did provide all the necessary data for this to be possible. How this was done is presented in 

Appendix B. Package collapse loads were determined by finding the first peak in the load-

extension curve. This was done by plotting the load-extension curves, zooming in on the first 

peak and using a data cursor to extract the Y- and Y-value at the first peak, see figure 4.4.1. 

Note the steep descent just after the first peak; this descent will correspond to a sharp drop in 

stiffness making it easy to locate the general area of package collapse load in the stiffness-

extension curve and therefore the largest stiffness before package collapse load as well. The 

stiffness curve was smoothed out with a 5-point moving average filter to eliminate noise. The 

result can be seen in figure 4.4.2.  

 

 

Figure 4.4.1. A data cursor has been placed on top of the first peak, from this the package collapse 
load was read. In this figure, the package collapse load was determined to be 20.11 [N]. 

 

 

 

Data cursor placed at PCL 

 

Data tip placed at PCL 

Steep descent after PCL 

 

Steep descent after PCL 
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Figure 4.4.2. Stiffness curve for crease A, batch 7. Stiffness values are on the y-axis. Extension is 
plotted along the x-axis. 
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Conditioning Conditioning 

Testing 

Erection 

4.5 Climate log 

A controlled climate was not available during conditioning and testing at Örebro University. 

The climate was therefore logged with 5-minute intervals. Figure 4.5.1 shows when 

conditioning, erecting and testing took place. The packages were conditioned from April 5
th

 to 

April 7
th

. The packages were erected on April 7
th

 and further conditioned until April 11
th

 when 

testing took place. During testing, the relative humidity (%RH) varied between 20.5% and 

18.5%. During creasing and cutting of the carton board blanks the temperature was kept at a 

steady 23 ºC and relative humidity was kept at 50%.  

 

 

 

 

 

Figure 4.5.1. Curves for relative humidity, temperature and dew point are shown. Blue curve represent 
temperature, red curve represents relative humidity (RH) and yellow curve represents Dew Point. 
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4.6 Crease bend test 

Crease bend tests were conducted at BillerudKorsnäs in Frövi. Equipment used was the L&W 

PTS Creasability Tester, L&W Micrometer and L&W Paperboard Cutter. Both the crease in 

the MD-direction and CD-direction were subjected to bend tests. Uncreased samples were 

also subjected to the same bend tests for reference. Each sample was 50 mm wide and length 

of lever arm reaching from the center of rotation to the load cell was 25 mm. Before a bend 

test could initiate, a sample was put in the L&W Creasability tester so that the crease would 

be completely leveled with the clamp. Because only the crease was to be subjected to a 

moment, the sample had to be secured so that the crease was just above the clamp. See Figure 

4.6.1. 

The load cell was then adjusted horizontally 

so that it would just touch the paperboard. 

Since the load cell in the L&W Creasability 

tester oscillated around 0 mN by ±5 mN, the 

author had to visually inspect that the load 

cell came in contact with the paperboard 

before testing initiated. Once everything 

was in place, a bend test was carried out. 

The clamp rotated to 160º and then back 

again at a speed of 90º/sec. The sample was 

then released from the clamp and the whole 

procedure was repeated for each sample. 

Since the uncreased samples had no crease 

to be leveled with the clamp, the bottom of 

the sample which was cut in a straight line 

perpendicular to the sample length was 

leveled with the bottom of the clamp. This 

guaranteed that the sample was straight 

when subjected to the bend test. The 

systematic procedure for carrying out the 

tests went as follows.  

Every creased sample from package A was 

measured and every moment-angle curve 

was displayed on top of each other. A mean 

value-curve was computed and displayed. 

This was repeated for every uncreased sample from package A. The creased and uncreased 

mean-value curves were plotted in the same plot and printed. This was repeated for package 

B, C and D. Data points were extracted containing only data from the mean-value curves. The 

data files contained values for angle (degrees) and force values from the load cell. The length 

of the moment arm was known and therefore the value of the moment could be calculated and 

plotted. The moment-angle curves in the results-section were plotted with MATLAB using 

data points gathered from the measurements.  

Figure 4.6.1. A paperboard sample clamped in 
the L&W Creasability tester. The crease and load 
cel are marked with arrows.  

The crease, leveled and situated 

just above the clamp. 

Load cell 

Clamp, rotated 

clockwise. 
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4.7 Analysis of results 

4.7.1 Analysis of data from Lloyd LR5K 

Load, time and extension data from Lloyd LR5K Tensile Tester was extracted from Nexygen 

in a .txt-file and opened with wordpad++. The data was transferred manually to an Excel 

worksheet as well as to MATLAB where it was stored as a matrix. Load was plotted against 

time and the result can be seen in section 5.1 as load-time curves. Values for stiffness and 

package collapse loads are presented in a box plot with stiffness and package collapse load 

values on the y-axis and crease type on the x-axis. Standard deviation and a 66% confidence 

interval are given for each crease. Standard deviation was used as a measurement for how 

diverse the data sets for stiffness- and package collapse load values were. MATLAB was used 

to plot the data extracted from Nexygen.  

4.7.2 Analysis of crease measurement data 

Crease measurement data was extracted from L&W Creasability Tester using a supplied MS-

DOS program called CREASE.BAT. Data was stored in excel and sent to the author by 

BillerudKorsnäs AB. The data was plotted and analyzed using MATLAB. Moment was 

plotted on the y-axis and angle (degrees) was plotted on the x-axis. From the plot, the 

moement at initial damage was found. Data for moment at initial damage was extracted with 

the help of a data tip displaying moment- and angle values, a feature available in MATLABs 

figure viewer. A data tip was also positioned on the two curves at 90º. The reason for this was 

to show the impact of creasing on bending resistance at 90º since corners are most often at a 

90º angle in consumer packaging. The moment at 90º for the creased sample was taken as the 

residual moment at 90º. Residual moments for different creases were compared. 

4.7.3 Analysis of data from Syntouch Biotac 

Software was written by PhD student Daniel Eriksson for the purpose of extracting data 

generated by Syntouch Biotac. The data entries for each electrode, vibration and total pressure 

was given as the arbitrary unit “bit” and ranged in value from 0-4095 bit. To convert these 

units into units for pressure, formulas given by the manual for Syntouch Biotac were used 

[26]. These formulas were:  

𝑓𝑙𝑢𝑖𝑑 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = (𝑃𝐷𝐶 − 𝑜𝑓𝑓𝑠𝑒𝑡) ∗ 0.0365 [
𝑘𝑃𝑎

𝑏𝑖𝑡
] 

𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = (𝑃𝐴𝐶 − 𝑜𝑓𝑓𝑠𝑒𝑡) ∗ 0.37 [
𝑃𝑎

𝑏𝑖𝑡
] 

PAC is the vibration signal, PDC is the total pressure and offset is the value of the signal when 

no pressure (except atmospheric pressure) or vibration is applied to the Syntouch Biotac. For 

example, if the total pressure at time 5 seconds is 3700 bits and the signal for total pressure 

when no pressure except atmospheric pressure is applied, is 2300, the value for “fluid 

pressure” at time 5 seconds is (3700-2300)*0.0365 [kPa/bit]. This method was used for 

converting all entries of PAC and PDC to dynamic pressure and fluid pressure. Fluid pressure 

and dynamic pressure was then plotted against time using MATLAB, the resulting curves for 

each crease can be seen in section 5.3.  
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4.8 Sources of error 

4.8.1 Flatbed die 

A source of error when using the flatbed die could be that the flatbed die was not completely 

leveled. If this was the case, then the creasing rule would have been pressed harder into the 

blank on one side of the machine than on the other, leading to different parts on the same 

package having differences in the crease. This source of error, should have occurred, is not a 

major problem. Every package would experience the same difference in creasing force, 

making the packages equally flawed, so when measuring no package made in the flatbed die 

would stand out from any other package made in the flatbed die because of this source of 

error. 

4.8.2 CAM-table 

If the blanks have been placed slightly angled relative to the table rules, it will have affected 

the fiber direction in the erected carton board package. This will have made the package 

weaker when measuring stiffness with the Lloyd LR5K Tensile tester since folding a CD-

crease is easier than folding an MD-crease. Changing the fiber direction from a pure MD-

crease towards a mix between both CD- and MD-crease would then weaken the package. This 

source of error can be discarded since great care was taken when placing the blanks on the 

CAM-table. 

4.8.3 Biotac-measurements 

When the carton board package was placed on the steel table it was put in position using lines 

drawn on a sheet of paper that had been fastened with tape to the steel table. When measuring 

the stiffness and package collapse load with the Lloyd LR5K Tensile tester, a zero point was 

defined to be 0.50 mm above the package before each test. If an error was made when dialing 

in the zero point a misguiding load-extension curve would have been produced. The latter 

error would not affect the stiffness and package collapse load (PCL) however since the curve 

would look the same but moved to the right or left if the zero point had been set too low or 

too high respectively. 

4.8.4 Crease bend test 

1. Every crease-sample was placed by hand in the L&W Creasability Tester. This might 

have had an effect on how leveled the crease was relative to the clamp. If the crease 

samples had been placed with the crease at an angle to the clamp, the fiber direction 

would not have been as desired and this would have produced misguiding moment-

angle curves. This source of error is deemed less likely to have had an effect since 

curves from the crease measurement of crease A in the MD-direction for example were 

almost identical, i.e. the spread was minimal. The author was also supervised by 

experienced personnel during the measurements and no errors were reported. [29] 
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2. The loading cell was dialed in by hand using a rotating lever and the loading cell 

oscillated by ± 5 mN. This may have led to errors in the measurement. However, ± 5 

mN is a miniscule error and the rotating lever made minimal adjustments to the 

position of the loading cell when turning, making this source of error a small source of 

error.  
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5 Results 

In this section stiffness and package collapse load from the Lloyd LR5K Tensile tester are 

shown with statistics. These are followed by results from crease measurements. The next 

subsection consists of results from Syntouch Biotac where load, dynamic pressure and fluid 

pressure are plotted against time and shown together. In sub section 5.4, sweep electron 

microscope images for folded and unfolded creases A-D are shown where differences between 

creases can be observed. 
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5.1 Results from Lloyd LR5K 

Boxplots of the calculated stiffness and package collapse load (PLC) given in N/m and N 

respectively are presented below. If there was no package collapse load, the maximum 

stiffness was simply calculated, these are included in the boxplots in section 5.1.1. 

Explanatory statistics are also presented below each plot. In figure 5.1.1 crease B has the 

highest stiffness in 6 out of 10 measurements, this was the crease made with no matrix.  

5.1.1 Maximum stiffness values before package collapse load 

Table 5.1.1. Statistics for maximum stiffness before package collapse load for crease A, B, C , and D. 
Average value, standard deviation, a 66% confidence interval and median values are shown. 

 Crease A Crease B Crease C Crease D 

Average [N/m] 5055.60 5425.50 5097.78 5008.91 

Standard dev. σ  [N/m] 283.92 541.47 363.66 381.3076 

 66% conf.intervall 90.45748 

 

172.5159 

 

115.8651 

 

121.4877 

 Median [N/m] 5070 

 

5484.186 

 

5131.973 

 

4989.419 

 

Figure 5.1.1. A box plot of the maximum stiffness before package collapse load for each crease. The y-axis 
contains stiffness values. Crease type is shown along the x-axis. 
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Figure 5.1.2 shows a box plot of the package collapse loads measured with the Lloyd LR5K 

Tensile Tester. Most often, crease B had the highest package collapse load, 4 out of 10 

measurements. Crease C has the lowest package collapse load in 6 out of 10 measurements. 

Two package collapse loads could not be determined due to a lack of maxima in the load-

extension curve before maximum extension was reached. This happened in crease B, batch 8 

and crease D batch 1.  

5.1.2 Package collapse loads 

 

Figure 5.1.2. A box plot of the package collapse loads for each crease. The y-axis contains values for 
package collapse load. Crease type is shown along the x-axis. 

Table 5.1.2. Statistics for package collapse load for crease A, B, C , and D. Average value, standard 
deviation, a 66% confidence interval and median values are shown. 

 Crease A Crease B Crease C Crease D 

Average [N/m] 19.96 19.93 19.12 19.00 

Standard dev. σ [N/m] 0.94 1.56 1.63 1.69 

66% conf.intervall 0.30 0.53 0.52 0.57 

Median [N/m] 20.07 20.16 19.25 19.02 
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5.1.3 Maximum stiffness after package collapse load 

After package collapse load, there was another increase in stiffness until the material failed or 

the Lloyd LR5K tensile tester had reached its maximum extension and returned to its starting 

position. These stiffness values are presented in a boxplot together with average value, 

standard deviation and a 66% confidence interval. As mentioned in section 5.1.2, three-

package collapse loads were not measurable, one of ten in crease B and two out of ten in 

crease D. 

 

Figure 5.1.3. A box plot of the maximum stiffness after package collapse load for each crease. The y-
axis contains stiffness values. Crease type is shown along the x-axis.   

Table 5.1.3. Statistics for maximum stiffness after package collapse load for crease A, B, C , and D. 
Average value, standard deviation, a 66% confidence interval and median values are shown.  

 Crease A Crease B Crease C Crease D 

Average [N/m] 2388.4 1892.667 2172.3 2393.777778 

Standard dev. σ [N/m] 417.8410649 707.4659 593.6799 943.8950919 

66% conf.intervall 133.127522 239.2628 189.1512 319.2223942 

Median [N/m] 2370 2020 2207 2224 
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5.2 Results from crease measurements 

Moment-angle curves from the L&W Creasability Tester are presented below. The reader 

should keep in mind that these curves are mean-value curves. Each curve is a mean-value 

curve representing the mean-value from 4 measurements. The data is represented in this way 

because of limitations in the software used with the L&W Creasability Tester, individual 

curves were not possible to extract. These curves are still a good enough representation since 

great care was taken when placing the sample in the clamp making each individual moment-

angle curve, when measuring for example Crease A in the MD-direction, almost identical to 

the next one or the one before.  

 

Figure 5.2.1. Spread between mean value curves for MD creases A,B,C,D. 

In figure 5.2.1 the reader can observe the spread between mean-value curves. Crease A (blue 

curve) has the lowest bending resistance while crease B (red curve) has the highest bending 

resistance. Crease C and D come close to each other. Moment values for the initial 

damage/buckling i.e. the moment value at the first maxima of each curve, is given in table 

5.2.1.  

 

 

First maxima 

 

First maxima 
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Table 5.2.1. Moment value and bending angle for initial damage during crease measurements for 
crease A,B,C and D. 

Crease 

Moment values of creased 

samples at first maxima 

(mNm) 

Angle where first maxima 

occurs (degrees) 

A 18.73 27.18º 

B 37.63 18º 

C 31.9 16.2º 

D 34.95 16.38º 

 

Below follows measurements of crease A,B,C and D. The reader can observe two curves in 

each plot. the curve with the larger values represent moment values for uncreased samples of 

carton board Light 310 bent in the machine direction whereas the smaller curve represent 

moment values for creased samples. Lastly, the residual moment for each crease is 

summarized in a table following the crease measurements. Datapoints are displayed at 90º in 

each plot, these contain the moment values at 90º during folding for both creased and 

uncreased samples. These values are used to calculate the residual moment at 90º. 
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Figure 5.2.2. Crease measurement for MC crease A. The upper curve represents uncreased sample, 
the lower curve represents the creased sample. 

Residual moment at 

90º  

 

Residual moment at 

90º  
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Figure 5.2.3 Crease measurement for MC crease B. The upper curve represents uncreased sample, 
the lower curve represents the creased sample.  

Figure 5.2.4. Crease measurement for MC crease C. The upper curve represents uncreased sample, 
the lower curve represents the creased sample. 
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Figure 5.2.5. Crease measurement for MC crease D. The upper curve represents uncreased sample, 
the lower curve represents the creased sample. 

 

Table 5.2.2. A table showing the moments from both creased and uncreased samples at 90º when 
folding and the residual moment in the last column. 

Crease 
Uncreased sample 

moment at 90º (mNm) 

Residual moment at 

90º (%) 

Residual moment at 

90º (mNm) 

A 35.80 42.76 15.31 

B 36.35 66.58 24.20 

C 34.40 60.03 20.65 

D 36.08 57.71 20.82 

 

In brief summary, crease A exhibited a larger folding angle than crease B before delamination 

occurred. The residual moment at 90º was lower for crease A than for crease B. Crease B had 

the largest residual moment of all creases at 90º.  
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5.3 Results from Syntouch Biotac 

Results from Syontouch Biotac and Lloyd LR5K are presented together as four figures 

containing three pictures each. Each figure will show curves plotting force over time, 

vibration (dynamic pressure) over time and pressure (fluid pressure) respectively over time. 

Drops in load and dynamic pressure will be highlighted in the figures with two red arrows and 

a red box containing information about that particular drop. Time durations for the drops are 

given as well. The figures shown in this section were chosen by the author because they were 

the most representative for that particular crease.   
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Table 5.3.1. Results for crease A6 presented in 
the text section 5.3.1 summarized in a table. 

 

Figure 5.3.1. Load, dynamic pressure and fluid 
pressure is plotted against time for crease A, 
batch 6. Drops in load and dynamic pressure 
are pointed out as well. 

5.3.1 Crease A 

To the right a representative figure 

displaying load-time , dynamic 

pressure-time and pressure-time curves 

can be seen. The batch chosen was 

batch 6, hence the given name A6 in 

the curve titles. Two red lines are 

drawn on each side of the package 

collapse load of the load-time curve so 

that simultaneous changes in dynamic 

pressure and pressure can be observed 

easily. As the package collapse load 

occurs in the load-time curve, a drop in 

load, dynamic pressure and fluid 

pressure can be observed. The 

magnitudes of the drop in load and 

dynamic pressure were 1.19 [N] and 

168.71 [Pa] respectively. The extension 

over which the load drop occurred was 

0.22 [mm] which translates to 0.22 

[sec]. The time duration for the drop in 

dynamic pressure was 0.043 [sec]. 

Maximum stiffness before package 

collapse load for crease A, batch 6, was 

4753.33 [N/m]. Maximum stiffness 

after package collapse load was 2367 

[N/m], a 50.2% decrease in stiffness 

after initial damage. A table for 

overviewing these results is given 

below.  

 

 Crease A 

PCL drop [N] 1.19 

PCL drop time [s] 0.22 

Dynamic pressure drop [Pa] 168.71 

Dynamic pressure drop time [sec] 0.043 

Max stiffness before PCL [N/m] 4753.33 

168.71 Pa, 

0.043 s 

 

168.71 Pa, 

0.043 s 

1.19 [N], 

0.22 [sec] 

 

1.19 [N], 

0.22 [sec] 
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Figure 5.3.1. Load, dynamic pressure and fluid pressure is 
plotted against time for crease A, batch 6. Drops in load 
and dynamic pressure are pointed out as well. 

 

Figure 5.3.1. Load, dynamic pressure and fluid pressure is 
plotted against time for crease A, batch 6. Drops in load 
and dynamic pressure are pointed out as well. 

Max stiffness after PCL [N/m] 2367.00 
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Table 5.3.2. Results for crease B4 presented in 
the text section 5.3.2 summarized in a table. 

 

Figure 5.3.1. Load, dynamic pressure and fluid 
pressure is plotted against time for crease A, 
batch 6. Drops in load and dynamic pressure 
are pointed out as well. 

5.3.2 Crease B 

In similar fashion to crease A, crease 

B is presented here with a 

representative figure plotting load, 

dynamic pressure and fluid pressure 

against time. A steeper drop in the 

load curve after package collapse load 

can be observed than for crease A. 

The magnitude of the drop in load and 

dynamic pressure at package collapse 

load were 2.14 [N] and 1515.2 [Pa] 

respectively. The time duration for 

these drops in load and pressure were 

0.26 [sec] and 0.181 [sec]. Maximum 

stiffness before package collapse load 

was 5920 [N/m]. Maximum stiffness 

measured after package collapse load, 

i.e. after initial damage was 1280 

[N/m], a decrease in stiffness by 

78.4%. A table for overviewing these 

results is given below. 

 

 Crease B 

PCL drop [N] 2.14 

PCL drop time [s] 0.26 

Dynamic pressure drop [Pa] 1515.20 

Dynamic pressure drop time [sec] 0.18 

Max stiffness before PCL [N/m] 5920.00 

Max stiffness after PCL [N/m] 1280.00 

 

 

 

 

2.14 [N], 

0.26 [sec] 

 

2.14 [N], 

0.26 [sec] 

1515.2 [Pa], 

0.181 [sec] 

 

1515.2 [Pa], 

0.181 [sec] 

Figure 5.3.2. . Load, dynamic pressure and fluid pressure is plotted 
against time for crease B, batch 4. Drops in load and dynamic 
pressure are pointed out as well. 
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Table 5.3.3. Results for crease C3 presented in 
the text section 5.3.3 summarized in a table. 

 

Figure 5.3.1. Load, dynamic pressure and fluid 
pressure is plotted against time for crease A, 
batch 6. Drops in load and dynamic pressure 
are pointed out as well. 

5.3.3 Crease C 

In figure 5.3.3, representative plots 

against time for load, dynamic pressure 

and fluid pressure are shown. The load 

drop occurring at package collapse load 

is smaller than for crease A and B shown 

previously. The drop in dynamic pressure 

is also lower than for crease A and B by a 

considerable amount. The time durations 

for load drop and dynamic pressure drop 

at package collapse load were 0.28 [sec] 

and 0.179 [sec] respectively. Maximum 

stiffness before package collapse load 

was 4562.48 [N/m] and has dropped to a 

maximum stiffness of 2287.00 [N/m] 

after package collapse load, a 50.13% 

decrease. A table for overviewing these 

results is given below. 

 

 Crease C 

PCL drop [N] 0.92 

PCL drop time [s] 0.28 

Dynamic pressure drop [Pa] 59.24 

Dynamic pressure drop time [sec] 0.18 

Max stiffness before PCL 4562.48 

Max stiffness after PCL  2287.00 

 

 

 

 

 

 

0.92 [N], 

0.28 [sec] 

 

0.92 [N], 

0.28 [sec] 

59.24 [Pa] 

0.179 [sec] 

 

59.24 [Pa] 

0.179 [sec] 

Figure 5.3.3. Load, dynamic pressure and fluid pressure is plotted 
against time for crease C, batch 3. Drops in load and dynamic 
pressure are pointed out as well. 
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Table 5.3.4. Results for crease D7 presented in 
the text section 5.3.4 summarized in a table. 

 

Figure 5.3.1. Load, dynamic pressure and fluid 
pressure is plotted against time for crease A, 
batch 6. Drops in load and dynamic pressure 
are pointed out as well. 

5.3.4 Crease D 

In figure 5.3.4, representative plots 

against time for load, dynamic pressure 

and fluid pressure are shown. The load 

drop occurring at package collapse load is 

the smallest of all drops shown by the 

representative curves shown in this 

section. The drop in dynamic pressure is 

lower than for crease A and B but larger 

than for crease C. The time durations for 

load drop and dynamic pressure drop at 

package collapse load were 0.24 [sec] and 

0.084 [sec] respectively. Maximum 

stiffness before package collapse load was 

5246.67 [N/m] and has dropped to a 

maximum stiffness of 3180.00 [N/m] 

after package collapse load, a 39.39% 

decrease. A table for overviewing these 

results is given below. 

 

 Crease C 

PCL drop [N] 0.570 

PCL drop time [s] 0.240 

Dynamic pressure drop [Pa] 124.280 

Dynamic pressure drop time [sec] 0.084 

Max stiffness before PCL 5246.670 

Max stiffness after PCL  3180.000 

 

 

 

 

 

Figure 5.3.4. Load, dynamic pressure and fluid pressure is plotted 
against time for crease D, batch 7. Drops in load and dynamic 
pressure are pointed out as well. 

 

 

0.57 [N], 

0.24 [sec] 

 

0.57 [N], 

0.24 [sec] 

124.28 [N], 

0.084 [sec] 

 

124.28 [N], 

0.084 [sec] 
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5.4 Results from scanning electron microscope 

In this section, eight pictures taken by a scanning electron microscope at BillrudKorsnäs at 

Frövi will be presented. Each crease will be presented by two pictures, one picture will show 

the creased carton board unfolded while the second picture will show the same carton board 

material, creased and folded.  

5.4.1 Crease A 

Figure 5.4.1 shows the unfolded crease A in the MD-direction. Crease A was created using a 

flatbed die as described in section 3.5.5.1. The indentation of the crease is deeper than for 

crease B,C and D which is to be expected since the channel depth was deeper for crease A.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crease A, MD-direction, unfolded 

Figure 5.4.1. Crease A in the MD-direction, unfolded.  
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Figure 5.4.2. shows crease A in the MD-direction after folding. The delamination has been a 

success and a wide bulge has been created which would suggest a straight folding line and 

little residual moment at 90º. This goes well in hand with that crease A had the least bending 

resistance in section 5.2, figure 5.2.1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crease A, MD-direction, folded 

Figure 5.4.2. Crease A, MD-direction, folded. Some delamination sites are pointed out. 

Delamination 

 

Crease A, MD-

direction, folded 
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5.4.2 Crease B 

Figure 5.4.3 shows the unfolded crease B in the MD-direction. Crease B was created using the 

CAM-table described in section 4.1, figure 4.1.2. No matrix was used. The indentation is very 

shallow, increasing the risk of surface cracks and less reduction of bending stiffness than if 

the indentation had been deeper [6]. The low reduction in bending resistance compared to 

crease A,C and D can be observed in section 5.2, figure 5.2.1 where crease B has the highest 

bending moment throughout the entire measurement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crease B, MD-direction, unfolded 

Figure 5.4.3. Crease B in the MD-direction, unfolded.  
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Figure 5.4.4 shows crease B after folding. Less delamination appears to have taken place than 

in crease A. The bulge is narrower than for crease A, a result of poor lamination due to 

shallow indentation during the creasing operation which was carried out using no matrix.  

 

Figure 5.4.4. Crease B, MD-direction, unfolded. Some delamination sites are pointed out. 

 

 

 

 

 

 

 

 

 

Crease B, MD-direction, unfolded 

 

Crease B, MD-direction, unfolded 

Delamination 

 

Crease A, MD-

direction, folded 
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5.4.3 Crease C & D 

Sweep electron microscopy images for crease C and D are presented together as they look 

almost identical and are therefore difficult to differentiate between.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Crease C, MD-direction, unfolded 

Crease D, MD-direction, unfolded 

Figure 5.4.5. Crease C & D, MD-direction, unfolded.  
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Figure 5.4.6. Crease C & D, MD-direction, folded. Delamination sites are colored light blue. 

As stated before, crease C and D look similar in almost every way. Crease C was made using 

Light 310 as a creasing matrix while crease D was made using Carry 370 as a creasing matrix. 

Delamination looks very similar as do the bulge after folding. Microscopy imaging of the 

unfolded crease C and D show more compression near the indentation for crease C.  

Crease C, MD-direction, folded 

 

Crease C, MD-direction, folded 

Crease D, MD-direction, folded 

 

Crease D, MD-direction, folded 

Delamination 

 

Crease A, MD-

direction, folded 

Delamination 

 

Crease A, MD-

direction, folded 
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5.5 Numerical results 

Numerical results and statistics are presented for: 

 Drop in dynamic pressure at package collapse load 

 Time interval for drop in dynamic pressure 

 Maximum stiffness before package collapse load 

 Maximum stiffness after package collapse load 

 Load at package collapse load 

These numerical results are presented because they are mentioned in the discussion in section 

6.1. The reader will benefit from having these numbers readily available when reading the 

discussion. To the right of each table, a figure is attached with arrows explaining what the 

numbers in the table to the left are referring to. 

5.5.1 Drop in dynamic pressure 

Table 5.5.1. Numerical values with statistics of drop in dynamic pressure at  
the instance of package collapse load. 

 

Dynamic pressure drop at package collapse 
load (Pa) 

Batch A B C D 

1 626 66.16 50.75 No drop 

2 145.47 1471.9 167.35 313.6 

3 154.09 250.22 59.24 29.62 

4 133.18 1515.2 190.39 480.90 

5 507.4 72.11 223.69 29.47 

6 168.71 1328.1 48.01 341.18 

7 468 328.6 43.49 124.28 

8 105.69 No drop 76.53 36.23 

9 474.3 200.8 40.1 1385.5 

10 27.05 338.1 43.89 47.51 

Average 280.99 619.02 94.34 309.81 

Std 212.60 623.73 70.68 436.26 

Confidence 
interval, 
66% 67.74 210.94 22.52 147.54 

Median 161.40 328.60 55.00 124.28 

 

 

 

 

 

Dynamic pressure drop at 

package collapse load 

Figure 5.5.1. The dynamic pressure drop at package 
collapse load is illustrated in the dynamic pressure-time 
diagram. 
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5.5.2 Time interval for dynamic pressure drop at PCL 

Table 5.5.2. Numerical values with statistics of the time interval  
during which drop in dynamic pressure at package collapse load occurred. 

 

Time interval for dynamic pressure drop 
at PCL (s) 

Batch A B C D 

1 0.037 0.235 0.117 No drop 

2 0.058 0.16 0.438 0.039 

3 0.065 0.24 0.179 0.397 

4 0.092 0.181 0.064 0.093 

5 0.028 0.205 0.08 0.346 

6 0.043 0.09 0.18 0.06 

7 0.044 0.077 0.386 0.084 

8 0.093 No drop 0.32 0.35 

9 0.05 0.156 0.437 0.105 

10 0.221 0.098 0.849 0.072 

Average 0.07 0.16 0.31 0.17 

Std 0.06 0.06 0.24 0.15 

Confidence 
interval, 
66% 0.02 0.02 0.08 0.05 

Median 0.05 0.16 0.25 0.09 

5.5.3 Maximum stiffness before package collapse load 

Table 5.5.3. Numerical values with statistics for the measured  
stiffness before package collapse load. 

 

Maximum stiffness before package 
collapse load (N/m) 

Batch A B C D 

1 5453.333 4860 5406.667 4753.333 

2 5493.333 6100 5467.291 5043.434 

3 5206.957 6073.333 4562.475 4935.405 

4 5020 5920 5626.667 5200 

5 5120 4966.667 5290.613 4508 

6 4753.333 5480 4973.333 5346.667 

7 5133.333 5640 4727.86 4880 

8 4869.744 4473.333 4860 5246.667 

9 4880 5253.333 4769.565 5700 

10 4626 5488.372 5293.333 4475.63 

Average 5055.60 5425.50 5097.78 5008.91 

Std 283.92 541.47 363.66 381.31 

Confidence 
interval, 
66% 90.46 172.52 115.87 121.49 

Median 5070 5484.19 5131.97 4989.42 

Time interval 

for dynamic 

pressure drop 

at package 

collapse load 

Maximum stiffness before package collapse load 

Figure 5.5.2. Time interval for dynamic pressure drop at 
package collapse load is illustrated in the dynamic 
pressure-time diagram. 

Figure 5.5.3. Maximum stiffness before package collapse 
load is illustrated in the load time diagram. 
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Maximum 

stiffness after 

package collapse 

load 

Package collapse load 

5.5.4 Maximum stiffness after package collapse load 

Table 5.5.4. Numerical values with statistics for maximum stiffness after   
package collapse load. 

 

 

5.5.5 Load at package collapse load 

Table 5.5.5. Numerical values with statistics for load at  
package collapse load. 

 

Maximum stiffness after package 
collapse load (N/m) 

Batch A B C D 

1 2329 2240 2127 No PCL 

2 2373 2331 1747 2224 

3 2500 623 2287 2033 

4 2291 1280 2386 2117 

5 2500 2940 1827 3567 

6 2367 1427 2460 3340 

7 2610 1700 2625 3180 

8 2220 No PCL 970 2703 

9 1495 2473 2087 480 

10 3199 2020 3207 1900 

Average 2388.4 1892.67 2172.3 2393.78 

Std 417.84 707.47 593.68 943.90 

Confidence 
interval, 
66% 133.13 239.26 189.15 319.22 

Median 2370 2020 2207 2224 

 
PCL (N) 

Batch A B C D 

1 19.73 18.51 19.59 No PCL 

2 20.01 22.15 21.5 19.59 

3 20.8 19.23 17.59 17.37 

4 20.02 20.84 19.98 20.52 

5 20.45 17.2 20.68 16.64 

6 19.15 21.7 18.9 19.33 

7 20.11 19.32 16.81 18.11 

8 20.37 No PCL 20.8 18.17 

9 21.16 20.16 17.86 22.23 

10 17.8 20.24 17.49 19.02 

Average 19.96 19.93 19.12 19.00 

Std 0.94 1.56 1.63 1.70 

Confidence 
interval, 
66% 0.30 0.53 0.52 0.57 

Median 20.07 20.16 19.25 19.02 

Figure 5.5.4. Maximum stiffness after point collapse 
load is illustrated in the load-time diagram. 

Figure 5.5.5. Point collapse load is illustrated in the load 
time diagram. 
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6 Discussion 

Four different crease geometries were created. Each crease was used to manufacture ten 

packages, totaling 40 packages to be tested. Crease measurements were made to measure the 

bending resistance of each crease. Lloyd LR5K was used together with Syntouch Biotac to 

gather data on package collapse load, vibration and pressure when packages were subjected to 

pressure load. Because of difficulties in differentiating between crease C and crease D during 

both crease measurements and measurements done with the Lloyd LR5K and Syntouch 

Biotac, these will be given less attention in the discussion. Average package collapse load 

differed 0.033 [N] between crease A and B while average extension at package collapse load 

did not differ more than 0.0972 [mm] showing that packages performed equally well at 

staying intact until initial damage independent of crease geometry. The effect of difference in 

crease geometry was however apparent when examining changes in maximum stiffness before 

and after package collapse load and dynamic pressure drop at package collapse load. 

The change in average maximum stiffness from before package collapse load to after package 

collapse load was 2667.2 [N/m] for packages with crease A and 3532.8 [N/m] for packages 

with crease B, changes in median values for maximum stiffness before package collapse load 

were 2700.0 [N/m] and 3464.2 [N/m] for crease A and B respectively. The average drop in 

dynamic pressure, i.e. a large vibration measured by Syntouch Biotac, was 281.0 [Pa] and 

619.0 [Pa] for crease A and B respectively. These changes in package stiffness and drops in 

dynamic pressure seem to agree well with the sweep electron microscopy images of the 

folded crease A and B in section 5.4.1 and 5.4.2. They agree well because the amount of 

delamination observed in crease A and crease B would have an effect on the damage 

development when pressing down on the package. The large amount of delamination in crease 

A would not allow a relatively large buildup of potential energy before initial damage. This is 

because interlaminar bonds have been broken during creasing using the flatbed die, allowing 

the delaminated plies in crease A to slide relative to each other. In crease B, less delamination 

occurred and hence not as many interlaminar bonds have been broken. When pressing down, 

the bonds gluing the plies together would be subjected to shear stress and potential energy 

would be stored until no more energy could be stored. At that time, delamination in crease B 

would finally take place and the structure of the package would give way until equilibrium 

was restored [30] and dynamic pressure began to stabilize again.  

This claim is supported by looking at the numerical data and statistics for dynamic pressure 

drop given in section 5.5 for both crease A and crease B. More often than not, the change in 

dynamic pressure was much larger at package collapse load for crease B than crease A, 

suggesting a more abrupt release of a relatively large amount of both potential energy and 

strain energy. This information could not be retrieved from the load-time or load-extension 

curves alone produced by the Lloyd LR5K tensile tester; hence the Syntouch Biotac was used 

to measure vibration (dynamic pressure). A look at section 5.5 and the time intervals for 

dynamic pressure drop in Table 5.5.2; it is evident that the time interval during which the 

dynamic pressure drop took place was longer for crease B than for crease A. This could be an 

indication that the packages made with crease B would feel flabby to a human hand if put 

through a panel study. 
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When examining the load-time or load-extension curves for crease D it was noticed that 

package collapse load was completely missing in one instance. A decrease in load, i.e. a 

negative slope of the load-time/extension curve was missing a whole four times out of ten. 

The reason for this behavior could not be determined and remains a mystery.  

Crease C did not exhibit this behavior even though the sweep electron microscopy imaging 

showed a striking similarity in both appearance and amount of delamination between crease C 

and D. A difference in dynamic pressure drop was however observed between crease C and D. 

Average value for dynamic pressure drop was 94.34 [Pa] and 309.81 [Pa] for crease C and D 

respectively while median values were 55.00 [Pa] and 124.28 [Pa]. Maximum stiffness before 

package collapse load were measured to be 5097.78 [N/m] and 5008.91 [N/m] for crease C 

and D respectively while maximum stiffness after package collapse load were 2172.30 [N/m] 

and 2393.78 [N/m].  

When considering both the similarities seen in the microscopy imaging and the measured 

differences in dynamic pressure drop and stiffness, it is not farfetched to suspect that 

Syntouch Biotac can measure differences between creases made in very similar ways meaning 

that even slight differences ccould be measured using Syntouch Biotac. Crease C and D were 

made using matrices made out of carton board. BillerudKorsnäs Light 310gsm was used as a 

creasing matrix for crease C and has a thickness of 445 µm ±6% while crease D used 

BillerudKorsnäs Carry 370 gsm with a thickness of 535 µm ±5%. These are not large 

differences in matrix thickness. Channel widths were kept at 1.8mm for both crease C and D 

and the same creasing wheel was used. From looking at changes in thickness of the creasing 

matrix from 445 µm to 535 µm gave rise to a measurable difference in dynamic pressure 

drop, indicating that Syntouch Biotac is an instrument capable of detecting very small 

changes in material behavior when subjected to loads such as in this report. 

The working hypothesis given by Billerud Korsnäs in section 2.2 could not be proven either 

right or wrong by measurements done and results presented in this report. A hypothesis as to 

why the post-buckling stiffness of the panel is less when the crease is done in a way that does 

not promote less delamination is given by the author: 

“The buildup of strain- and potential energy before package collapse load is greater for a 

crease with less delamination. The buildup of strain- and potential energy is greater for a 

crease with less delamination because more inter-laminar bonds are left intact during the 

creasing operation and are able to store this energy. When no more energy can be stored, the 

structure is “surprised” by the sudden release of energy and the post-buckling behavior of the 

panel will be so that the maximum stiffness after package collapse load will be less than the 

maximum stiffness before package collapse load. How much less will be a function of the 

amount of delamination where maximum post-buckling stiffness decreases as the amount of 

delamination decreases. The maximum stiffness before package collapse load will always be 

greater than maximum stiffness after package collapse load.” 
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An argument as to why this and similar work is important to the environment can be made. As 

mentioned in 2.4, it has been shown that consumers are willing to pay more for the same 

product if the packaging is perceived as more luxurious. One factor contributing to a sense of 

quality is the amount of grip stiffness possessed by the packaging. If grip stiffness can be 

objectively measured and predicted in the manufacturing of consumer packaging, perhaps 

carton board packaging could increase its market share by being as appealing to consumers as 

plastic or aluminium packaging or even perhaps more. Degradation time for a carton board 

box in a marine environment is approximately two months while a plastic bottle or aluminium 

beverage can has a degradation time of approximately 100 or 200 years respectively [31]. 

This means that aluminium and plastic will persist for longer than carton board if left in the 

ocean, increasing the risk of hurting wildlife. In 2012, plastic resin production reached 288 

million MT, that is 288 million million tonnes of plastic. The largest part of that is plastic 

resin aimed at the production of packaging, i.e. packaing that can be disposed of immediately 

after use [32]. Carton board packaging therefore has large shoes to fill and progress towards 

making carton board the material of choice for packaging starts by making it more appealing 

to the consumer.  

 

6.1 Continued work 

If time was not a limiting factor it would be beneficial to manufacture more packages and run 

the same tests. It would be beneficial because a more thorough statistical analysis could be 

conducted. An in depth look into the in plane shear strength of interlaminar bonds would be of 

interest to try and validate the hypothesis given by the author given in the discussion. The 

author thinks the results are indicative of a correlation between different amounts of 

delamination and grip stiffness as it is defined in this report. 

One other thing that was observed when examining the load-time/extension curves and curves 

for dynamic pressure was that crease D often lacks a well pronounced PCL or a drop in 

dynamic pressure. Crease D was creased using BillerudKorsnäs Carry 370 as a creasing 

matrix. Carton board is deformable. The author suspects that deformation of the creasing 

matrix could have occurred during creasing and that this will have played a role in making the 

drop in dynamic pressure more subtle and the PCL less pronounced if at all visible. If this is 

true, and the Syntouch Biotac can measure differences in the crease as small as those created 

by a slightly deformed carton board creasing matrix, then the Syntouch Biotac should be 

employed wherever minute sense of touch is needed. To verify this, more work is needed 

where many packages created with various carton board creasing matrices are tested in the 

exact or similar way as in this report. 
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7 Conclusions 

 There is a connection between different crease geometry and the measured grip 

stiffness. 

 A crease made without creasing matrix (crease B) had a lower maximum stiffness than 

a crease made with a flatbed die (crease A) after package collapse load 7 out of 9 

times. 

 A crease made without creasing matrix (crease B) had a larger drop in dynamic 

pressure than a crease made with a flatbed die (crease A) 5 out of 9 times.  

 Longer time duration for dynamic pressure drop was observed for a crease made 

without creasing matrix (crease B) than for any other crease 8 out of 9 times. 
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Appendix A: Curves 

In this appendix all curves plotting load, dynamic pressure and pressure against time for each 

crease will be presented. Crease X batch Y has been shortened in the title for each plot with 

XY. For example, crease B batch 7 will be abbreviated B7. Red lines have been drawn on 

both sides of the package collapse load so that the reader can more easily compare the events 

unfolding at package collapse load for all three plots. Plots will go from crease A1 to A10, 

then B1 to B10 and so on. In total, 40 curves will be presented in full.  
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Appendix B: Calculating maximum stiffness 

To approximate the slope of the load-extension curve at each point and ultimately to find the 

greatest slope before and after package collapse load MATLAB was used. As an example, 

crease A from batch 10 will be used in this appendix. 

The load-extension curve was plotted using two vectors, one vector containing extension data 

(x-axis) and another vector containing load data (y-axis). To approximate the slope at any 

given point on the load-extension curve, a secant line was constructed using increments of the 

x- and y-axis, Δx and Δy. The secant line has a slope equal to the difference in y-value over a 

difference in x-value, i.e. “rise over run”, see figure B1. Δx and Δy were chosen to be the 

length of three elements at a time. The slope of the straight line approximating the slope of the 

curve is therefore: [33] 

𝑠𝑙𝑜𝑝𝑒 =
∆𝑦

∆𝑥
=

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑦 − 𝑣𝑎𝑙𝑢𝑒

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑥 − 𝑣𝑎𝑙𝑢𝑒
 

 

 

 

 

 

 

 

 

 

 

The MATLAB-code for this procedure is given in figure B2 where the vectors 

“extension_kartongA_batch10” and “load_kartongA_batch10” contain the extension- and 

load data respectively. Each point on the curve underwent the procedure described in eqA1 

and shown in figure A1. After each slope had been calculated it was placed in a vector 

eventually containing every stiffness value for every point on the curve for crease A batch 10, 

“STYVHET_kartongA_batch10”. The new vector containing the stiffness values for crease A 

batch 10 was plotted against extension where it was found to have unexplainable peaks these 

were considered to be noise. The noise was filtered out by a five-point moving average which 

The curve which slopes are 

being approximated by the red 

tangent line. For example, 

crease A batch 10 

x-axis 

y-axis ∆𝑥 

∆𝑦 

Figure B1. Principle of the slope of a secant line intercepting a curve at two points.  
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acted as a primitive low pass filter; this is the vector “movmean_KartongA_batch10”.   

The package collapse load was considered to be the cause of the sharp drop in stiffness 

because they could both be observed at the same extension in packages where package 

collapse load took place. This made it possible to determine largest stiffness value before and 

after package collapse load, see figure B3. To find the largest stiffness value before and after 

package collapse load “movmean_KartongA_batch10” was plotted against extension where 

the two stiffness values of interest were manually found by zooming in on the stiffness-

extension curve and placing a data tip.  

 

 

 

 

 

 

 

STYVHET_kartongA_batch10=zeros(numel(extension_kartongA_batch10),1); 

  
for k=2:(numel(extension_kartongA_batch10)-3) 

     
    rise_A10(k-1)=(load_kartongA_batch10(k+3)-load_kartongA_batch10(k)); 
    run_A10(k-1)=(extension_kartongA_batch10(k+3)-

extension_kartongA_batch10(k)); 
    STYVHET_kartongA_batch10=1000*(rise_A10./run_A10)'; 
    movmean_KartongA_batch10=movmean(STYVHET_kartongA_batch10,5); 
end 

 

Largest stiffness value before PCL Largest 

stiffness value 

after PCL 

Figure B2. MATLAB code for creating stiffness vector and for filtering the stiffness vector with a moving 
average. 

Figure B3. Stiffness for crease A batch 10 plotted against extension. Arrows symbolize the flow 
of time, green arrows when loading the package, red arrows for unloading the package. 


