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Abstract 

The work has been carried out mainly for Tetra Pak within the project "A New Model for 

Deformation of Carton board Packages by Manual Handling". Tetra Pak is specialized in food 

packaging, its processing and distribution. 

The purpose of this thesis was to implement a new carton board model for the finite element 

method which describes both the elastic and plastic deformation, this is called Hill’s model. 

This model is used to describe orthotropic materials, which a carton board is. Next, examine 

the differences that occurred in terms of principal stress and force-displacement diagram for 

different carton board packages when loaded with different objects. Simulations were 

performed in the finite element program Ansys APDL. 

To start with, a literature study was performed to cover the theory of the problem, problem 

causes and other work carried out in the same area. Then the material model was constructed 

and the simulations were performed. After this, all the data was gathered and analyzes 

performed. 

The introduction of the new material model was successful. The result shows how the carton 

board packages act until the maximum force the package can engage, in some cases also what 

happens after this state. The results also show how the principal stresses develop and the size 

of these. 

Keywords: carton board, Hill’s model, finite element method, grip stiffness 

Sammanfattning 

Examensarbetet har utförts för i huvudsak Tetra Pak inom projektet ”A New Model for 

Deformation of Carton Board Packages by Manual Handling”. Tetra Pak är specialister på 

livsmedelsförpackningar, dess bearbetning och distribution. 

Syftet för detta examensarbete var att införa en kartongmodell för finita element metoden som 

beskriver både elastiskt och plastiskt tillstånd, denna kallas Hills modell. Modellen används 

för att beskriva ortotropa material, vilket kartong är. Därefter undersöka skillnader som 

uppstod vad gäller huvudspänningar och kraft-förskjutning diagram för olika 

kartongförpackningar när dessa utsattes för olika tryckande objekt. Simuleringar utfördes i 

finita element programmet, Ansys APDL. 

Till att börja med utfördes en litteraturstudie för att täcka teorin om problemet, 

problemorsaker och andra utförda arbeten inom samma område. Därefter gjordes 

materialmodellen varpå simuleringarna utfördes. Efter detta samlades all data in och analyser 

utfördes. 

Införandet av den nya materialmodellen lyckades. Resultatet visar hur 

kartongförpackningarna agerar fram till den maximala kraften som förpackningen kan ta upp, 
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i vissa fall även vad som händer efter detta tillstånd. Resultaten visar också hur 

huvudspänningarna utbreder sig och storleken på dessa.  

Nyckelord: kartong, Hills modell, finita element metod, greppstyvhet 
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Terminology 

APDL – Ansys Parameter Design Language 

CBP – Carton Board Package 

DMX – Maximum deflection 

FEM – Finite Element Method 

MD – Machine direction 

CD – Cross machine direction 

ZD – Z-direction (thickness direction) 

S1 – 1st Principal stress 

S2 – 2nd Principal stress 

S3 – 3rd Principal stress 

SMN – Minimum stress 

SMX – Maximum stress 

BioTac – A device with sensors designed to look like a human finger  

Plots – Pictures showing results of simulations 

CBP – Carton board package 
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 Introduction 

 The company 

This thesis is performed on behalf of Tetra Pak. Tetra Pak is specialists in food packaging, 

processing and distribution. In Sweden, Tetra Pak is found at several places, for example 

Karlstad, Sunne, Fjällbacka and in Lund. 

Historical review 

1943 The first work to develop a carton board package for milk.  

1944-1951 During this time the first model to illustrate Ruben Rausings idea becomes reality, 

who is the founder of Tetra Pak. 

1952 Deliver of the first filling machine. 

1956 Tetra Pak moves into new factory in Lund, Sweden, where it still is today. 

1960 The first production for packaging material outside of Sweden started up in Mexico. The 

manufacturing reached one billion carton board packages annually. 

1980 The company grows fast and big and is now established all over the world. The 

establishment of testing and assembly station in Modena, Italy. Now 30 billion carton board 

packages are manufactured annually. [1] 

This is Tetra Pak today [1]: 

 The world´s leading food processing and packaging solutions company. 

 Found in 175 countries around the world. 

 Number of employees are 23,600. 

 The number of carton board packages manufactured are 184 billion in 2015. 

 The thesis 

This is a thesis within a research project, which includes development, investigation and 

testing. It is an ongoing project started 2015. It is a collaboration between BillerudKorsnäs, 

Tetra Pak and Örebro University. The main purpose of the project is to see how carton board 

packages behave when consumers grab them in stores, called measuring the grip stiffness, 

which is a measure of the carton board’s stiffness. The grip stiffness also includes the feeling 

of what it is supposed to feel like when holding a carton board package. There are at least 

three ways to resemble the act of when consumers grab a carton board package: 

1. Experimental tests with a uni-axial tensile tester. Spheres, figure 1, and a BioTac, 

figure 2, are used as loading objects like fingers from a consumer who grab the 

package in stores [2]. A test rig for this is seen in figure 3 [3]. 
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2. Finite element simulation programs where spheres and a BioTac are used, similar to 

the experimental tests. 

3. A test panel where people test the carton board packages, like consumers in a store. 

 

Figure 1: Picture of a sphere used in experiments and simulations. 

 

Figure 2: Picture of a BioTac used in experiments and simulations [2]. 

 

Figure 3: Picture of how a test rig look like for both experimental and simulation tests [3]. 

Experimental tests have been made at Örebro University, during these experiments have 

spheres been used to simulate a finger. Tests were performed with several spheres, carton 

board package geometries and material qualities. 

This thesis concerns an investigation about giving a better understanding for what is 

happening to a carton board package when loaded with different objects. A finite element 

program simulate and resemble the act of a consumers grabbing a package, similar to the 

experimental tests. The manner the simulations run on, are based on previously conducted 

experiments, many procedures and boundary conditions are determined by them, see 3.2-3.3. 

To simulate, some information and data are needed, some key data necessary are: 

 Geometry, describes the geometry of the carton board package, sphere and BioTac in 

the simulation. 
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 Material model, consist the carton board specific characteristics. 

 Solution, describes what type of simulation to preform, e.g. a spheres specific 

displacement on to the carton board package. 

This information is collected into a text-file and described with commands. This text-file is 

called an input-file, for an example input-file – see section 3.4. 

The program can provide information about the material behavior when loaded. To collect the 

information, macros have been performed. The macros are also written into a text-file. Their 

purposes is to collect plots and values about the stress development of the principal stresses 

and also collect the values for a force-displacement diagram. 

 Carton board 

Generally, carton board is described as a paper material. The main characteristic controlling if 

it is a paper or carton board is the grammage of the material. For carton board the grammage 

is between 200 g/m2 and 600 g/m2 [4]. 

 Purpose 

The purpose is to get an objective and repeatable measure method with finite element method 

for grip stiffness of a carton board package. 

 Goal  

The goal is to simulate with a material model and spheres/BioTac (loaded objects), with 

boundary conditions similar to earlier performed experimental tests, see section 3.1-3.2. The 

goal for all simulations are to provide and compare: 

 The differences of the principal stress development from finite element method 

simulations.  

o Principal stresses, the stress state in which the elements are oriented in three 

perpendicular directions. This means that the model in these directions only are 

pressured with its normal stress and no shear stress. The directions in this case 

is called the principal stress directions and the normal stresses are called 

principal stresses [5]. 

 Force-displacement diagrams. 

o This diagram show the reaction force for the loaded objects at a specific 

displacement on the carton board package. 

 Questions to answer 

 Is it possible to implement a material model that has the same properties and behavior 

as the specific carton board packages used in the experimental tests?  

 What differences in the results are obtained by comparison of different carton board 

packages, qualities and loaded objects from the simulations? 

 Delimitations 

 Simulations include measurements of two carton board packages. 
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 Only two spheres and a BioTac are used as loading objects. 

 A simplified carton board package geometry model is used in the simulations.  
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 Background 

 Problem 

In this section, the problem is the described from an over-looking perspective, what 

consequences and impacts there are on the grip stiffness of the carton board package. Some 

problem area are first presented and then followed by a reflection section. 

 Society 

The population on earth is expected to increase to 9 billion people. Regarding to this, the 

request for food will increase with 77% to 2050. It require that access to food increases. 

Today there is a struggle with the waste of food. The manufacturing industries of packaging 

have a huge role within this area. There are requirements on the quality and the appearance of 

the package. The demands comes from the society, i.e. consumers and the situations that the 

carton board package must accomplish. If the package does not meet its demands, it leads to 

food waste. [6] 

When grabbing a package filled with milk for example, the package must have good grip 

ability. The grip ability depends on the stiffness of the package. A damaged carton board 

package have reduced stiffness. One scenario is that when a customer grabs its package, the 

stiffness is reduced to the extent that the customer drops the package onto the ground. 

Regarding the appearance of the package, a recent study showed that most customers would 

not select a damaged package. This leads to not sold packages and more food waste [7]. 

Therefor it is important that the packages not be damaged when arriving to the store. 

 Transport and storage 

When the carton board packages are stacked on a pallet in a warehouse they are exposed for 

pressure. The packages in the bottom are exposed for the highest pressure. This lead to creep 

that makes the packages weaker [8]. 

Carton board packages act different depending on which climate they have been exposed for. 

The humidity have an impact on the carton board package mechanical strength. Different 

packages absorb different amounts of humidity and this has an impact on the mechanical 

strength of the carton board package [9]. 

 Reflection of problem area 

There are many demands on the carton board package. If the grip stiffness of the carton board 

package improves, it resist conditions better that it encounter. The project wants to answer the 

question if it is possible to calculate grip stiffness on carton board packages. By doing this it 

can help make packages stronger and more reliable. There is a possibility for optimization of 

the carton board package. 

 Other work within the area 

In related work, investigating loads on a smaller area of a carton board package has been 

performed. Rigid spheres were used in a different range of sizes. The goal was to get a view 
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of what geometry size the damage no more looked like a point load. The study showed that 

for the smaller spheres the damage increased in the shape of a vertical yield line and was 

formed as a parabolic yield line as a secondary damage. When testing with larger spheres the 

damage increased in several parabolic yield lines. [10]  

Experimental tests have been made where the goal was to simulate the damage procedure 

when applying a concentrated load on a carton board package. To do this a load was applied 

near the edges of the package. Two different packages were tested with various orientation. 

The study concluded that for each package the damage development started with a peak in the 

force-displacement diagram. In addition, the stiffness were more geometry dependent 

compared to the strain. [3] 

A similar study investigated were the lowest and largest grip stiffness occur on the paper 

board package. The material was modelled as an orthotropic, linear elastic-plastic laminate. 

The study showed that the segment in the middle had the highest stiffness compared to the 

upper and lower part of the package. Therefor the package low initial stiffness is decided from 

those parts (upper and lower) of the package. [11]  

 Definition of the technical area 

Knowledge in continuum- and structural mechanics and constitutive modeling is necessary to 

fulfill this work. Since this thesis mainly affects mechanics of carton board, simulation and 

calculations of it, an understanding of mechanics of materials and the finite element method 

primary. 

 Theory 

 Finite element method 

The finite element method is a mathematical and numerical method. It is used to find 

approximate solutions of partial differential equations and is the dominated way to make 

strength analyzes. A finite element program is used to perform the simulations using a 

computer. The real geometry is built up by many small parts, finite elements. The finite 

elements are bonded to each other with nodes. Elements together with nodes are called mesh. 

Here will the finite element method be explained more thoroughly but still briefly. 

A model is divided into Ne elements with a number of nodes, Nn. The procedure when a model 

is divided into these sets is called meshing. The element is connected by the nodes. The 

elements is generated during the pre-processing when nodes connect to each other.  

A finer mesh will give larger computational costs but will also give more accurate results.  

For the FEM-formulation to work is has to be based on a coordinate system. Usually different 

coordinate systems are used. Local coordinate systems aligned to a certain element and global 

coordinate system which normally is aligned to the whole structure.  

For an element which is aligned to a local coordinate system the elements displacement is 

assumed by polynomial interpolation using the different displacements at its nodes. This is 
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also called nodal displacement: 

𝑈ℎ(𝑥, 𝑦, 𝑧) =  ∑ 𝑁𝑖(𝑥, 𝑦, 𝑧)𝑑𝑖 = 𝑁(𝑥, 𝑦, 𝑧)𝑑𝑒
𝑛𝑑
𝑖=1  (1) 

where h stands for approximation, nd is the total number om nodes that is creating the element 

and di the nodal displacement at the desired node, de is the displacement vector for the entire 

element. The intention is to find di. 

di can in a more general form be expressed by d1 (displacement component 1), d2 

(displacement component 2),…, dnf (displacement component nf), nf is DOF (Degrees of 

freedom) at a node. 

In equation (X), N is a matrix of shape functions for the nodes in the element. It is pre-defined 

and has the general form N(x,y,z) and then a form for each node for example N1(x,y,z), which 

is the form for node 1. 𝑁𝑖 is a subset of matrixes of shape functions for components with 

displacements.  

These procedure is often called the displacement method.  

The different displacement fields in finite element modeling is expressed by displacements at 

nodes using shape functions defined over elements. The shape functions can have different 

properties. The default property of a shape function for any finite element model is that they 

are linearly independent.  

When the shape functions are constructed, the finite element equation for each element can be 

made. By submitting the interpolation of the nodes and the strain-displacement equation into 

the strain energy term, the following equation can be formulated: 

∏ =
1

2
𝑑𝑒

𝑇 (∫ 𝐵𝑇𝑐𝐵𝑑𝑒𝑑𝑉
𝑣𝑒

) 𝑑𝑒 (2) 

The subscript e stands for the specific element, B is the strain in the element and 𝐵𝑑𝑒 = 𝜀 . 

After this step, the local finite element equation can be formulated: 

𝑘𝑒𝑑𝑒 + 𝑚𝑒�̈�𝑒 = 𝑓𝑒 (3) 

Where 𝑘𝑒 and 𝑚𝑒 stands for stiffness and mass matrices for the element, and 𝑓𝑒 for the force 

vectors acting on the nodes for the element. All elements vectors and matrices can be found 

by integration for the given shape function of displacement.  

The element equations is often based on a local coordinate system defined for that element 

specific. This means that all local coordinate systems have perform a transformation before 

assembling all their equations. They have to be referred to the global coordinate system before 

assembling all elements with their local coordinate systems. After transformation the global 

finite element equation can be determined. 

𝐾𝐷 + 𝑀�̈� = 𝐹 (4) 

By solving this equation, the displacement at the nodes can be found. 
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In this thesis, static analysis are performed, this means the global mass matrix, M can be 

ignored. The finite element equation used in this thesis will then look like this: 

𝐾𝐷 = 𝐹 (5) 

[12] 

 Contact 

In this thesis the sphere is a rigid body and defined by the command “target170”. The element 

(package) is described as a shell structure “Shell 281”. 

These are the contact conditions regarding the top surface of the package, element type used 

was 174, and following was its conditions:  

• The contact algorithm is Augmented Lagrangian  

• The location of contact detection point is on Gauss point  

• The contact stiffness variation was set to work as an aggressive refinement to the 

allowable stiffness range  

• The element level time incrementation was set to automatic bisection  

• Each iteration for the contact stiffness update was based on current mean stress of 

underlying elements  

• Shell thickness effect was Included  

These are the contact conditions regarding the bottom surface of the package, element type 

used was 174, and following was its conditions: Automatic initial contact closure. The bottom 

was attached with bonded contact to a plan surface. Effect of initial penetration or gap was set 

to: Include offset only (exclude initial geometrical penetration or gap). [13, 14, 15]  

 Material model 

Hill’s yield criteria is used, it is an anisotropic criterion that depends on the axis of anisotropy 

and the stress relative to that axis. Hill’s yield criterion for stress components with a 

coordinate system that is aligned with the anisotropic coordinate system (6): 

𝑓(σ, σ𝑦) = 𝐹(σ22 − σ33)2 + 𝐺(σ33 − σ11)2 + 𝐻(σ11 − σ22)2 + 2𝐿σ23
2 + 2𝑀σ31

2 +

2𝑁σ12
2 − σ𝑦

2 = 0          (6) 

The coefficients in this criteria, F, G, H, L, M and N are all constants computed by tests in the 

different orientations of the material. The functions of the coefficients is the relation between 

the scalar yield stress and the six stress components (7)-(12).  

𝐹 =
1

2
(

1

𝑅11
2 +

1

𝑅33
2 −

1

𝑅11
2 )         (7) 

𝐺 =
1

2
(

1

𝑅33
2 +

1

𝑅11
2 −

1

𝑅22
2 )         (8) 

𝐻 =
1

2
(

1

𝑅11
2 +

1

𝑅22
2 −

1

𝑅33
2 )         (9) 
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𝐿 =
3

2
(

1

𝑅23
2 )           (10) 

𝑀 =
3

2
(

1

𝑅13
2 )           (11) 

𝑁 =
3

2
(

1

𝑅12
2 )           (12) 

The ratios of the directional yield stresses are the input parameters which are connected with 

the isotropic yield stress (13)-(18). The values (dimensionless) on the left side are the values 

used for the material model (chapter 2.3.6, table 1) 

𝑅11 =
σ11

𝑌

σ𝑌
           (13) 

yield stress in X direction.  

𝑅22 =
σ22

𝑌

σ𝑌
           (14) 

yield stress in Y direction. 

𝑅33 =
σ33

𝑌

σ𝑌
           (15) 

yield stress in Z direction. 

𝑅12 = √3
σ12

𝑌

σ𝑌
           (16) 

yield stress in XY direction. 

𝑅23 = √3
σ23

𝑌

σ𝑌
           (17) 

yield stress in YZ direction. 

𝑅13 = √3
σ13

𝑌

σ𝑌
           (18) 

yield stress in XZ direction. 

The surface of a Hill yield criterion defines a surface that is in six-dimensional space and its 

direction of the flow is normal to the surface. The insert of the plastic strain into the 

anisotropy coordinate system (19)-(25). 

𝑑𝜀11
𝑝𝑙 = 𝑑λ[𝐻(σ1 − σ2) + 𝐺(σ1 − σ3)]       (19) 

𝑑𝜀22
𝑝𝑙 = 𝑑λ[𝐹(σ2 − σ3) + 𝐻(σ2 − σ1)]       (20) 

𝑑𝜀33
𝑝𝑙 = 𝑑λ[𝐺(σ3 − σ1) + 𝐹(σ3 − σ2)]       (21) 

𝑑𝜀23
𝑝𝑙 = 𝑑λ[2𝐿σ23]          (22) 



Rev 2, 2016-08-25 A Rydberg, J Grethes 10 

𝑑𝜀31
𝑝𝑙 = 𝑑λ[2𝑀σ31]          (23) 

𝑑𝜀12
𝑝𝑙 = 𝑑λ[2𝑁σ12]          (24) 

The Flow Rule describes the evolution of the plastic strain (25).  

𝑑𝜀𝑝𝑙 = 𝑑λ
𝜕𝑄

𝜕𝜎
           (25) 

λ is the size of the plastic strains growth and Q is the potential of the plasticity. [16] 

 Principal stress 

This thesis analyze the three principal stresses because of the three-dimensional stress state. 

Principal stresses views the development of normal stresses in the material. The principal 

stresses occur on a surface were the direction of the surface gives normal stress and no shear 

stresses. A stress like this is called a principal stress and the direction of the principal stress is 

called principal direction. 

For a three-dimensional stress-state there is three different directions were only normal 

stresses appear. [5] 

 Carton board 

Carton board is an orthotropic material, which is a subset of anisotropic materials. It means 

that the material properties have three mutually, orthogonal planes of symmetry. The 

orthotropic behavior appears during the manufacturing process when the fibers in the material 

get orientated in the carton board machine, figure 4. Definition of the three principal material 

directions that occur in the carton board machine during the manufacturing process [17]: 

 MD, machine direction.  

 CD, cross machine direction.  

 ZD, thickness direction which direction is out-of-plane.  

MD’s elastic modulus is up to four times higher than CD’s and the ZD’s elastic modulus is 

one to two orders lower than the elastic modulus of the in-plane directions [18]. 
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Figure 4. Picture shows the orthogonal directions [18]. 

The material quality’s for carton board differs from its density and thickness. These 

characteristics explain the quality’s grammage. 

 

 Carton board material model 

The model used to describe the material is orthotropic elastic, with Hill’s yield criterion and 

multilinear isotropic hardening. It is used for anisotropic and orthotropic plastic deformations 

and is therefore suitable for the carton board considering this work [16]. 

The orthogonal, principal material directions are used to define elastic and plastic behavior. 

Table 1 shows the continuum properties, Young’s modulus, E1, E2, E3; the Poisson’s ratios 

v12, v13, v23, the shear modulus G12, G13, G23 for each carton board package and the yield 

criterion.  

Table 1. Continuum properties used for the different material qualities. 

Continuum properties for the carton board packages 

 A B C 

Elastic constants 

E1 [MPa] 6 780,28 4 124,58 6 154,46 

E2 [MPa] 3 747,54 2 966,01 2 921,65 

E3 [MPa] 34,2762 23,784 28,8349 

G12 [MPa] 1 949,51 1 352,43 1 639,48 

G13 [MPa] 241,034 156,604 210,632 

G23 [MPa] 179,201 132,8 145,125 

v12 0,394099 0,345518 0,425254 

v13 0 0 0 

v23 0 0 0 

Yield criterion 

R11 1 1 1 

R22 0,472727 0,463788 0,4177 

R33 0,472727 0,463788 0,4177 

R12 0,890581 0,821969 0,72246 

R13 0,890581 0,821969 0,72246 

R23 0,421332 0,412907 0,369896 

 

Young’s modulus is the relationship between stress and strain in a material. The shear 

modulus is used to describe the deformation that occur when a shearing situation occur i.e. 
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when a force is parallel to a bodies fixed contact zone. The Poisson’s ratio is the coefficient of 

extension around the transverse axial. If a material, applied with a load in one direction, it 

usually expands in the other two directions. This expansion is perpendicular to the 

compressions direction. The phenomenon is called the effect of Poisson [5]. 

 

When a body, loaded with a stress that is large enough to pass the yield point of the material 

the plasticity starts. This means that the body will not return to its primary condition. Some 

parts of the material will despite this, still act elastic. This means that a part of the body 

returns to its origin form. This elastic strain energy is recovered when the load is taken away. 

There is also inelastic strain energy that is lost permanently when the load is removed. This is 

the plastic deformation. To illustrate this, figure 5 show the stress-strain behavior of a metal 

[19].   

 

Figure 5. Shows a typical stress-strain behavior of a metal [19]. 

The plastic behavior of a body depends on two variables, plastic strain and hardening of the 

material. 

In figure 6 is the isotropic hardening displayed for each of the material quality. The yield 

strength is a function of the isotropic hardening.  
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Figure 6. Shows the isotropic hardening  

Furthermore, the plasticity requires a flow rule. This is the increment relation between plastic 

deformation and the applied load. The flow rule is expressed with a flow potential [5].   

For the plasticity theory of constitutive models, there are three essential properties to consider 

[20]: 

 The yield criterion, defines the materials behavior when changing from elastic to 

elastic-plastic. 

 The flow rule, determines the growth of plastic strain from the growth of the load.  

 The hardening rule, gives the development in the yield criterion during the plastic 

deformation.  
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 Method 

This thesis involve methods of how to: collect information in form of a literature survey, 

describe the material model and calculate the finite element method using Ansys APDL.  

 Literature survey 

The literature survey focused on collecting data in different genres for the thesis. Collect 

literature to cover the theory of the problem, find articles about what could be the root cause 

for the problem and what others have focused on within the same problem area. 

The survey took place partly at Örebro University’s library and Örebro University’s database, 

Summon. This database contains scientific articles from databases as Science Direct and 

Scopus that are both of interest. Additional to this, books owned by the authors of this thesis 

was looked through. Tutors was asked if they owned literature relevant to the thesis. 

References from other articles was also utilized and a part of the literature survey. 

Some keywords that were used in the literature survey: 

 Carton board/Cartonboard 

 Package 

 Hill’s plasticity model 

 Grip stiffness 

There have been studies in the area of this thesis before. The simulation program might not be 

the same. The facts from these needs to be analyzed thoroughly so that small differences of 

the program will not result in small mistakes. 

Interviews and lectures  

Continuously under the thesis work, interviews with tutors were performed. Tutors for this 

thesis are experts in the area, and have been a part of the project “a new model for 

deformation of carton board packages by manual handling” since the start. 

Lectures considering carton board and FEM for a better understanding was carried out by 

authors of this thesis. These lectures was handled by tutors from Örebro University and Tetra 

Pak. The information was therefore highly trustworthy.  

 

 Carton board 

The manner the simulations run on, are based on previously conducted experiments, many 

procedures and boundary conditions are determined by them.  
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Carton board packages geometries and material qualities: 

 Carton board package 1, figure 7: 228x185x54 mm. 

 Material quality A: 235 g/m2 grammage, 309 μm thickness. 

 Material quality B: 340 g/m2 grammage, 503 μm thickness. 

 

Figure 7. Picture of CBP1’s geometry with dimensions 228x185x54 mm. 

 CBP2, figure 8: 98x98x280 mm. 

 Material quality C: 400 g/m2 grammage, 582 μm thickness. 

 

Figure 8. Picture of CBP2’s geometry with dimensions 98x98x280 mm. 

 Spheres and BioTac 

Spheres and BioTac used in the simulations are rigid, the geometry and location of loading 

point of these objects are shown in figure 10. The simplified geometry for the BioTac is 

shown in figure 9. Their boundary conditions are presented below: 

 The size of the spheres used are 15 mm and 42 mm.  

 The BioTac load the carton board package with an angle of 14 degrees.  

 Spheres and BioTac are loaded on one position on the carton board package (in the 

middle of the long side and 10 mm from the edge). 
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Figure 9. Picture of simplified geometry model of the BioTac used in simulations. 

 

 
Figure 10. The arrow points on used geometry for the sphere (in this case 15 mm 

sphere) and loading point used in simulations for both the spheres and BioTac. 
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 Finite element method 

The finite element program used in this thesis is Ansys APDL version 15.0. The program is 

used to simulate and perform both pre- and postprocessing. Ansys APDL was used because of 

two reasons:  

 Tetra Pak requested this work to use Ansys. Tetra Pak make similar simulations in a 

program called Abaqus. Tetra Pak wanted to see if a different program provide 

different results.  

 There were two choices of Ansys program, Workbench or APDL. APDL is used 

instead of Workbench because it have more control. Everything that will be simulated 

is what the given commands demand the program to perform. During science research, 

it is important to have control over what commands the simulation actually follows. If 

errors occur, it is easier to go back and adjust. 

Simulating in APDL is in this work performed with commands in a text-file called input-file. 

Commands with key options in the input-file describe all that is relevant for a simulation. A 

section of commands for each one of these criteria: 

 Material definition 

o This is the section where the material model “Hill” is inserted. 

 Section definition 

o Defines the type of element for a section. For example: shell, beam, contact 

etc. The model is made with a shell structure.  

 Element definition - defines the specific element type with its characteristics.  

 Geometry definition 

o Defines the size of the structures in the model. This section have to change 

between the simulations depending on what carton board package, sphere and 

BioTac that is to be simulated.  
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In figure 11, follows an example of how an input-file is constructed. The input-file shows the 

BioTac used in simulations:  

 

Figure 11. Picture showing an example input-file for the BioTac finger used in the 

simulations. Explanations of the commands in the input-file can be seen after every 

exclamation.   

Figure 12, show the result of the input-file from figure 11 (which is the geometry model of the 

BioTac). 

 

 

Figure 12. Picture of the geometry model that is defined in the input file in figure 11.  
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 Carton board material model 

An input-file for Ansys APDL was received from tutors. The input-file was developed into a 

model that has Hill’s plasticity with multilinear isotropic hardening. A more detailed 

description of the development of Hill’s model is found in section 4.1. 

Element 

Carton board often occur as a material with several layers with different properties [4]. In this 

thesis, the carton board is modeled with one layer as a shell structure but with the properties 

and behavior of the concerned carton boards. Each element consists of eight nodes with three 

rotational and three translational degrees of freedom at each node. The element is an area 

element and has quadrilateral shape [13]. The reason for the shell structure is to simplify the 

modeling and reduce the time for the calculations. Analyzes does not demand the model to be 

modeled with several structures to obtain interesting data that responds to the goals.  

Large deformation 

The material model has implemented data that supports large deformations. When formulating 

large deformations the Cauchy stress and logarithmic strain describes the constitutive model 

[20]. 

Material directions 

Material directions of the carton boards are defined like in figure 13.  

 
 Figure 13. Picture shows how the carton boards material directions are defined. 
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Mesh 

The mesh have been constructed so that the interesting areas of the package have a finer mesh 

than other parts, figure 14.

 

Figure 14. Picture show the area were the mesh have been refined to get a better result were 

the carton board is loaded.  

Creases (edges)  

The boundaries of the surfaces, creases, of the package was described with the command 

“cpintf” that coupled the element nodes with the same value. The command make the edges 

act like hinges. Figure 15, shows the implemented command. The command (cpintf) make 

nodes that are on the same position couple with each other. [21] 

 

Figure 15. Picture show implemented command to describe the interface between the 

surfaces.  
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 Postprocessing 

After performing simulations, the finite element program is used to create plots and 

animations. One macro to collect plots visualizing different results from different angles and 

one macro collecting values to make the force-displacement diagram was performed.  

The different macros was also performed as an input-file, implemented into the finite element 

program after each simulation. 

The plots collected views the three principal stresses of the material. The principal stresses 

was interesting because it views only the development of normal stresses in the material [5].  
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 Results and analyzes 

 Is it possible to develop the provided input-file with a Hill model? 

The implementation of Hill’s model succeeded. All necessary material properties of the carton 

boards were collected from experimental tests and converted into Hill’s model (by Tetra Pak). 

Here follows the implementation of the elastic variables into the input-file. The elasticity 

variables of the carton board model are seen in figure 16. Description of the rows significance 

in the input-file follows: 

 33 – Describes the thickness of the material 

 34-36 – Values of Young’s modulus 

 38-40 – Values of Shear modulus 

 42-44 – Values of Poisson’s ratio 

 50-52 – Young’s modulus inserted for the different directions 

 53-55 - Shear modulus inserted for the different directions 

 54-56 – Poisson’s ratio inserted for the different directions 

 57 – Describes the density of the material 

 

Figure 16. Picture shows implementation of elastic variables. 

A description of the implementation of the plasticity properties as a Hill’s model into the 

input-file is shown in figure 17. The plastic data table consists of a total of 100 values. The 

rows significance in the input-file follows:  

 68 – Defines Hill’s material data table. 

 69 – Constants describing the yield stresses for the different directions, they are sited 

in turn from left to right: X, Y, Z, XY, YZ, and XZ. 

 71 – Activates plastic data table. The table exists of 100 rows (limitation in Ansys). 

MISO stands for multilinear isotropic hardening.  

 72 – Says that the temperature in our model is constant. 

 74 and forward – Plastic data algorithm. Strain is the first value and stress the second 

one.  
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Figure 17. Picture show plasticity properties implemented as a Hill’s model into the input-

file. 

 Comparing results, which results differs? 

This heading associates to the question asked in the introduction: What differences in the 

results are obtained by comparison of different carton board packages, qualities and loaded 

objects from the simulations? 

The data that has been collected to answer the questions are: 

● S1-S3 (Principal stress 1st - 3rd). 

○ The principal stresses are interesting because they show the normal stresses in 

the material. Where the principal stress appears, the shear stress is zero. Both 

the minimum stress, SMN and the maximum stress, SMX are collected.  

● Force-displacement data 

○ Data for the force-displacement diagram is collected with a macro when 

simulation is done.  

 General info  

The tables below are summaries from the simulations. The simulations were performed with 

an implicit solver solution. Simulations was made with a static structural. Test simulations 

with a transient structural simulation was performed. The transient simulation mode was 

deselected because it took unnecessary amount of time to perform the simulations and 

because the results compared to a static simulation was similar. 
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Every carton board package are presented in the order: 

1. CBP1 with material quality A. 

2. CBP1 with material quality B. 

3. CBP2 with material quality C. 

Then a summary of: 

4. All carton board geometries and material qualities. 

The results section sequentially covers for each carton board package:  

1. Force-displacement diagram 

The force-displacement for each carton board package. A table of the maximum force and the 

displacement at this state summarizes the diagram. Then analyzes are made to the maximum 

force (the peak of the curve).  

2. Principal stress development 

Plots showing the principal stress development. Observe that plots show the stress 

development where the model stopped to converge (after the end of the curves on the force-

displacement diagram). 

 1st principal stress, σ1 – views the fields were the largest principal stresses occur.  

 2nd principal stress, σ2 - views the fields were the second largest principal stresses 

occur.  

 3rd principal stress, σ3 - views the fields were the smallest principal stresses occur. 

σ1 ≥ σ2 ≥ σ3 

Table containing compilations of the stress development, summarizes the results of the 

principal stresses. The tables of the evaluation of the principal stresses are presented after the 

figures. The colums in these tables means: 

 S1 SMN [MPa]: The minimum 1st principal stress.  

 S1 SMX [MPa]: The maximum 1st principal stress. 

 S2 SMN [MPa]: The minimum 2nd principal stress. 

 S2 SMX [MPa]: The maximum 2nd principal stress. 

 S3 SMN [MPa]: The minimum 3rd principal stress. 

 S3 SMX [MPa]: The maximum 3rd principal stress. 

 DMX [mm]: The deflection.  

o This is how much one point have moved from its original form. It is dependent 

on the displacement of the sphere or BioTac. The deflection is always a bit 

bigger than the displacement, figure 18. This is because the package is loaded 

close to the edge. 
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Figure 18. Picture show visualizing where DMX is located (Material quality A, Sphere 42 

mm). 

 CBP1 with material quality A 

Figure 19 shows how the carton board packages acts while deforming. 

 

Figure 19. Picture shows force-displacement diagram of CBP1, A. 
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Table 2 shows the results from force-displacement diagram of the simulation of CBP1, 

material quality A. 

Table 2. Results from force-displacement diagram, views the maximum force and the 

displacement at that point.  

Loading object Force (N) Displacement (mm) 

BioTac 24,3 3,71 

15 mm sphere 25,6 5,51 

42 mm sphere 28,7 2,99 

 

Analyzes considering table 2 and figure 19 

When the material is loaded with the bigger sphere, the maximum force of all objects occur. 

The force for the smaller sphere and the BioTac are approximately at the same size. 

The displacement are different depending on which object is loading the carton board 

package. When the smaller sphere is loaded, the highest displacement occur, 5,51 mm. The 

BioTac has a displacement of 3,71 mm and the big sphere a displacement of 2,99 mm.  

The linear elastic area is relatively short. The linear elastic area is in the beginning were the 

curve seems to be linear.  

The BioTac and the smaller sphere acts similar in the beginning of the simulation.  

At a displacement around 2,5 mm, the curve for the BioTac increases more. A similar 

development occur for the bigger sphere at a displacement of 1,1 mm. A reason for this is 

probably that the BioTac and the bigger sphere at that point reach the crease of the carton 

board package. This can mean that the material still act elastic after that point but the stiffness 

of the material take up more force.   

Where the curve start to decrease is where the plastic deformation starts. The curves of the 

tests start to decrease at different forces. For the bigger sphere it seems like the curve decrease 

at a force of about 10N, for the BioTac at around 15N and for the smaller sphere at 

approximately 25N.  

Figure 20-28 shows the development of the three principal stresses and the deflection at its 

stage. 
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Figure 20. Picture show CBP1 with material quality A: s 1st principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture).  
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Figure 21. Picture show CBP1 with material quality A: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 

 

Figure 22. Picture show CBP1 with material quality A: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 
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Figure 23. Picture show CBP1 with material quality A: s 2nd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 

 
Figure 24. Picture show CBP1 with material quality A: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 
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Figure 25. Picture show CBP1 with material quality A: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 

 
Figure 26. Picture show CBP1 with material quality A: s 3rd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 
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Figure 27. Picture show CBP1 with material quality A: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 
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Figure 28. Picture show CBP1 with material quality A: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture).  

Table 3 shows a summary of the deflection and the principal stresses from the simulations of 

CBP1 with material quality A. 

Table 3. Results from simulation with CBP1, A. 

Loading object DMX 

[mm] 

S1 SMN 

[MPa] 

S1 SMX 

[MPa] 

S2 SMN 

[MPa] 

S2 

SMX 

[MPa] 

S3 SMN 

[MPa] 

S3 SMX 

[MPa] 

BioTac  4,103 -0,4 101 -46 44 -95,1 0,28 

Sphere 15 mm 6,103 -0,39 101 -46,3 40,7 -93,5 0,34 

Sphere 42 mm 4,658 0,16 102 -42,2 42,5 -102 0,16 

 

Analyzes considering table 3 

As seen, all tests are similar when looking on the 1st, 2nd and 3rd principal stresses. The 

simulations do not converge longer than when the maximum stress occur. Depending on the 

loading object, the maximum stress occur at different displacements. What stands out is the 

fact that the finger (BioTac) not reaches the same deflection (DMX) as the tests with the 

spheres.   
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 CBP1 with material quality B  

 

Table 4 show data from force-displacement diagram from the simulation of CBP1 with 

material quality B. 

Table 4. Results from force-displacement diagram, views the maximum force and the 

displacement at that point.  

Loading object Force (N) Displacement (mm) 

BioTac 47,8 3,99 

15 mm sphere 48,3 5,92 

42 mm sphere 55,6 3,41 

 

Figure 29 shows how the carton board packages acts while deforming. 

 

Figure 29. Picture show force-displacement diagram of CBP1, B. 

Analyzes considering table 4 and figure 29 

When the material is loaded with the bigger sphere, the maximum force of all objecs occur. 

The force for the smaller sphere and the BioTac are approximately at the same size. 

The displacement are different depending on which object is loading the carton board 

package. When the smaller sphere is loaded, the highest displacement occur, 5,92 mm. The 

BioTac has a displacement of 3,99 mm and the big sphere a displacement of 3,41 mm.  

The linear elastic area is relatively short for all loading object tests. The elastic area is in the 

beginning were the curve seems to be linear.  
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The BioTac and the smaller sphere acts similar in the beginning of the simulation.  

At a displacement around 2,7 mm, the curve for the BioTac increases more. A similar 

development occur for the bigger sphere at a displacement of 1,1 mm. A reason for this is 

probably that the BioTac and the bigger sphere at that point reach the crease of the carton 

board package. This can mean that the material still act elastic after that point but the stiffness 

of the material take up more force.   

Where the curve start to decrease is where the plastic deformation starts. The curves of the 

tests start to decrease at different forces. For the bigger sphere it seems like the curve decrease 

at a force of about 20N, for the BioTac at around 30N and for the smaller sphere at 

approximately 40N.  

Figure 30-38 shows the development of the three principal stresses and the deflection at its 

stage. 

Figure 30. Picture show CBP1 with material quality B: s 1st principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 
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Figure 31. Picture show CBP1 with material quality B: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 

 
Figure 32. Picture show CBP1 with material quality B: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 
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Figure 33. Picture show CBP1 with material quality B: s 2nd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture).

 
Figure 34. Picture show CBP1 with material quality B: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 
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Figure 35. Picture show CBP1 with material quality B: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 

 
Figure 36. Picture show CBP1 with material quality B: s 3rd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 



Rev 2, 2016-08-25 A Rydberg, J Grethes 38 

Figure 37. Picture show CBP1 with material quality B: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 
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Figure 38. Picture show CBP1 with material quality B: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 

Table 5 shows a summary of the deflection and the principal stresses from the simulations of 

CBP1 with material quality B. 

Table 5. Results from simulation with CBP1, B. 

Loading object DMX 

[mm] 

S1 SMN 

[MPa] 

S1 SMX 

[MPa] 

S2 SMN 

[MPa] 

S2 

SMX 

[MPa] 

S3 SMN 

[MPa] 

S3 SMX 

[MPa] 

BioTac 5,346 -0,50 83,5 -35 37,9 -83,7 0,49 

Sphere 15 mm 8,434 -0,27 84,1 -37,4 37,3 -83,3 0,31 

Sphere 42 mm 8,169 -0,26 84,1 -35,6 34,9 -82,6 0,13 

 

Analyzes considering table 5 

As seen, all tests are similar when looking on the 1st, 2nd and 3rd principal stresses. The 

simulations do not converge longer than when the maximum stress occur. Depending on the 

loading object, the maximum stress occur at different displacements. What stands out is the 

fact that the finger (BioTac) not reaches the same deflection (DMX) as the tests with the 

spheres.   



Rev 2, 2016-08-25 A Rydberg, J Grethes 40 

 CBP2 with material quality C 

Table 6 shows the results from force-displacement diagram of the simulation of CBP2 with 

material quality C. 

Table 6. Results from force/displacement diagram, views the maximum force and the 

displacement at that point.  

Loading object Force (N) Displacement (mm) 

BioTac 91,1 3,89 

15 mm sphere 91,2 5,69 

42 mm sphere 105 3,39 

 

Figure 39 shows how the carton board packages act while deforming. 

 

Figure 39. Picture shows force-displacement diagram of when CBP2, C deform. 

Analyzes considering table 6 and figure 39 

When the material is loaded with the bigger sphere, the maximum force of all objects occur. 

The force for the smaller sphere and the BioTac are approximately at the same size. 

The displacement are different depending on which object is loading the carton board 

package. When the smaller sphere is loaded, the highest displacement occur, 5,69 mm. The 

BioTac has a displacement of 3,89 mm and the big sphere a displacement of 3,39 mm.  

The linear elastic area is relatively short for all loading object tests. The elastic area is in the 

beginning were the curve seems to be linear.  

The BioTac and the smaller sphere acts similar in the beginning of the simulation.  
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At a displacement around 2,3 mm, the curve for the BioTac increases more. A similar 

development occur for the bigger sphere at a displacement of 1,1 mm. A reason for this is 

probably that the BioTac and the bigger sphere at that point reach the crease of the carton 

board package. This can mean that the material still act elastic after that point but the stiffness 

of the material take up more force.   

Where the curve start to decrease is where the plastic deformation starts. The curves of the 

tests start to decrease at different forces. For the bigger sphere it seems like the curve decrease 

at a force of about 40N, for the BioTac at around 50N and for the smaller sphere at 

approximately 75N.  

Figure 40-48 shows the development of the three principal stresses and the deflection at its 

stage. 

Figure 40. Picture show CBP2 with material quality C: s 1st principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 



Rev 2, 2016-08-25 A Rydberg, J Grethes 42 

 
Figure 41. Picture show CBP2 with material quality C: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture). 

 
Figure 42. Picture show CBP2 with material quality C: s 1st principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 
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Figure 43. Picture show CBP2 with material quality C: s 2nd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture).

Figure 44. Picture show CBP2 with material quality C: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture) 
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Figure 45. Picture show CBP2 with material quality C: s 2nd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 

 
Figure 46. Picture show CBP2 with material quality C: s 3rd principal stress development, at 

the end of the simulation, when loaded with a BioTac (not shown in picture). 
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Figure 47. Picture show CBP2 with material quality C: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 15 mm (not shown in picture) 
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Figure 48. Picture show CBP2 with material quality C: s 3rd principal stress development, at 

the end of the simulation, when loaded with sphere 42 mm (not shown in picture). 

Table 7 shows a summary of the deflection and the principal stresses from the simulations of 

CBP2 with material quality C. 

Table 7. Results from simulation with CBP2 with material quality C. 

Loading object DMX 

[mm] 

S1 SMN 

[MPa] 

S1 SMX 

[MPa] 

S2 SMN 

[MPa] 

S2 

SMX 

[MPa] 

S3 SMN 

[MPa] 

S3 SMX 

[MPa] 

BioTac 6,172 -1,13 102 -41 41,7 -102 0,86 

Sphere 15 mm 8,316 -0,54 103 -41,8 40,2 -102 0,27 

Sphere 42 mm 9,863 -0,18 103 -41,7 41,4 -102 0,18 

 

Analyzes considering table 7 

As seen, all tests are similar when looking on the 1st, 2nd and 3rd principal stresses. The 

simulations do not converge longer then when the maximum stress occur. Depending on the 

loading object, the maximum stress occur at different displacements. What stands out is the 

fact that the finger (BioTac) not reaches the same deflection (DMX) as the tests with the 

spheres.   
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 All carton board geometries and material qualities 

In figure 49, are all simulations put together in a force-displacement diagram. 

Figure 49. Picture shows force-displacement diagram with all material qualities and loaded 

objects merged. A, B is CBP1 and C is CBP2. 

Analyzes considering figure 49 

Regardless of which carton board and material quality the objects are loaded to, the curves 

behave similar. 

Depending on the material quality, the carton board packages can handle a different amount of 

force. CBP1, A can handle least force and CBP2, C can handle the largest amount of force.  

Something to have in mind here is that the CBP2, C has a different geometry then the other 

two. Its geometry is more compact, this is probably also a reason for why this version can 

handle a larger amount of force. When the carton board package is loaded, the other side of 

the package also have an effect of the package resistance. The geometry is more impact, in 

other words – to reach the highest point of damage development it needs more force. 
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 Discussion 

 Sources of error 

Creases of the carton board package 

At the beginning of the project, problems came up with the creases (edges) of the carton 

board package. The creases were modeled with a peeling to avoid sharp corners. This is 

something that is usual to do when modelling the creases of the carton board package. This is 

to realistically describe the packages crease. However, the model could not converge with 

those corners. An alternative solution to the problem in order to get the material model to 

converge was to remove the peel. This led to that sharp corner arose. Sharp corners shall 

normally be avoided because this is something that usually lead to failure of the simulation.  

Estimated values  

Experts at Tetra Pak estimated some values for the Hill-model. This part was done because 

there were some experimental test data missing to complete the Hill-model. The estimation of 

the missing values dealt mainly with properties in the ZD-direction. The estimations was 

made out of experience and routine and can therefore be considered reliable. 

Different scales 

During analyzes of the principal stresses, differences of the color scale contribute to some 

error sources. The differences are small but this should be taken in mind when analyzing the 

images.  

Rigid loading objects 

The simulations performance was to resemble the situation when a human manually handles 

the carton board package. The focus was to see what happens to the carton board package. 

Because of this, the loaded objects were rigid. A human finger is softer than the rigid loading 

object, their impact of the results can there for have an effect. 

Static structural 

Static structural was used for the simulations. This means that the inertia is neglected unlike a 

transient solution. This can have an effect of the results, probably the carton board packages 

would be able to carry up more force.  

Plastic data algorithm 

As mentioned earlier, Hill’s material model in Ansys APDL only allow 100 values for the 

property. All Hill models implemented contained more than 100 values, if all these values 

would be used, simulations may provide a better result. 

 Evaluation of results 

In this thesis the finite element program Ansys APDL have been used. Tetra Pak uses a 

program called Abaqus. They have not worked with Ansys APDL before. A big reason to why 

this project used Ansys APDL was that Tetra Pak wanted to see if a different program provide 

different results. Therefor a comparison between these results from Ansys APDL and the ones 

Tetra Pak has from Abaqus should be done to see similarities and the reliability. 

Implementation of the new material model was successful. With help from Tetra Pak could 
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Hill’s model be developed. The introduction of these values are implemented in the input file 

using Ansys own help. This help is reliable and there are clear guidelines for how the 

implementation should be done to facilitate the work. 

The results for the maximum 1st principal stress differs for the carton board packages. CBP1, 

B is the one taking up least stress. Because the stress is calculated by taking the force divided 

by its cross-sectional area, it seems relevant. CBP1, A, is thinner than B, but the geometry 

size is the same. This means that CBP1, A, should take up more stress than B, which it also 

does. 

The model can be improved if taking in mind the evaluation of errors discussed above. Focus 

for the thesis have been to implement a Hill’s model to the material model. After this see the 

stress development, when the carton board package are loaded with different objects. The 

thesis have succeeded with this parts and focus of the results rely more on the reliability of the 

program Ansys to perform this kind of simulations. Therefor is a comparison between Ansys 

and different finite element programs necessary.  

 Continued work 

 Simulations continuous work 

With new knowledge from this thesis there are some recommendations for further work when 

simulating in Ansys APDL. When plotting results, it is important to choose the right sub step 

(time step during simulation) to collect plots that are easier to analyze and draw conclusions 

from. Comparison of sub step when maximum force occur and a comparison of sub step for a 

specific displacement. These simulations can be made for all carton board packages and then 

analyzed further in many ways (source of errors). In figure 50 and 51 are this illustrated.  

Figure 50. Picture show force-displacement diagram of an example of how further analyzes 

of a specific displacement´s result can be performed (displacement at 3 mm marked with x).   
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Figure 51. Picture show force-displacement diagram of an example of how further analyzes 

of maximum force result can be performed (the x marks the maximum force for each loading 

object).   

The results are dependent on where the carton board is loaded – it will give different results if 

loaded on another position. The spheres and the BioTac are loaded only at one specific point 

on the carton board package. Continuously, simulations on different spots of the package can 

be made to get a greater view of the stress development. For example, if changing loading 

spot on the carton board package from one side to another, the carton board will act different 

because of the materials directions, which have different characteristics.  

 General continuous work 

Better knowledge of Ansys APDL is necessary to improve the results and to take the next 

step. A continuous learning about the carton board material is also necessary.  

To succeed with getting a better knowledge of Ansys APDL, continued work should be 

centered on improving the input-file. There are more aspects to consider getting the model to 

behave like a carton board material then only its properties when loaded with an object.  

For example the models geometry structure. A test with a change of the element type from 

shell structure to layered structure could be something that makes the model more realistic.  

Further on, to see that the results in Ansys APDL says the same thing as Abaqus a comparison 

between tests in this report and tests with Abaqus should be done. 

Collection of more experimental test data from other thesis work within this project can be 

done to get a more accurate material model and then remove the estimated values. 
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 Conclusion 

The material model developed seems like a reliable model. Considered how it behaves during 

simulations a feeling that it is realistic is obtained. After further work this will hopefully be 

confirmed. Simulations of the two strongest material qualities lead to results that the carton 

board take up too much load compared to what is realistic. We believe this is largely 

dependent on the package structure and sources of error mentioned in the discussion. 

The simulations was succeeded and a lot of data for analyzes could be collected. It is easy to 

find differences between the different loaded objects. From the force-displacement diagram at 

least material quality B and C have areas that tend to have an elastic respective plastic area 

that seems realistic. For quality A to act like B and C:s curve in the diagram an improvement 

of the geometry model is probably what is needed. Potential improvements are presented in 

section 5.1. 

The thesis have helped Tetra Pak on its way to fulfill the purpose “… to get an objective and 

repeatable measure method for grip stiffness of a carton board package”. This by implement 

and make simulations of a carton board package in an earlier not used program within Tetra 

Pak. In the future, the company can use this thesis to compare and see if there is any 

similarities with new simulations. 
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