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ABSTRACT 
In today's automotive industries, many different simulation programs are used to optimize 
parts before they come into production. This has created a market for complex material 
models to get the best possible approximation of reality in the simulation environment. 
Several industries are still using older material models that can’t give an acceptable accuracy 
for the materials currently in use as they are based on much simpler and older materials. 
The problem with material models is that there is no direct comparison between the material 
models which leads to several sheet metal forming companies still holding on to older models 
like Hill`48. 
 
The purpose of this work is to create a comparison of sheet material models from a user 
perspective to be able to provide recommendations of material models. Different models will 
be tested for different materials and will be based on AutoForm's recommendations. 
AutoForm is a FEM based sheet metal forming simulation program used by large names in 
the automotive industry. These recommendations are Vegter2017, BBC2005 or Hill`48 for 
steel and Vegter2017, BBC2005 or Barlat`89 for aluminum. 
 
This work is achieved by comparing experimental data from a Limiting Dome Height (LDH) 
test with a simulation of this test for all material models and then comparing the results. The 
data that will be compared consists of the major and minor strain in the sheet as well as the 
punch force. These parameters are chosen as they give an overview of the model’s 
applicability as well as accuracy. 
The test will be performed on all materials available in Volvo Cars material library to create a 
broader overview of all material models. 
The material models will also be evaluated depending on their user-friendliness by analyzing 
what types of data are required to perform a simulation. 
 
The result from these tests showed that BBC 2005 should be recommended for aluminum and 
steel for companies that have access to biaxial data and for people who put optimization in 
focus. Hill`48 proved far too deviant in the results for steel and should not be used if other 
models are available. Vegter 2017 proved perfect for steel simulations as the result were great 
as well as the necessary material data can be obtained through standardized tensile tests. The 
result also showed that Vegter2017 should not be used for aluminum since the result was too 
deviant from the experimental data in aspect for both form approximation and strain 
magnitude. 
Barlat`89 gave accurate results with only data from a tensile test which makes it a preferred 
model when working with aluminum. 
 
The conclusion from this work is that the choice of material model is very dependent on what 
conditions you have as very few industries have access to the tests required by the BBC 2005 
model. Another conclusion may be drawn for Barlat`89 with aluminum and Vegter 2017 with 
steel as they can be preferred when working with a small timeframe as well as when few test 
data is available.  
 

Keywords:  

AutoForm, Material model, Biaxial data, Tesnile test  
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SAMMANFATTNING 
Inom dagens bilindustri används det många olika simuleringsprogram för att optimera delar 
innan de kommer ut i produktion. Detta har då skapat en marknad för komplexa material 
modeller för att få en så bra approximation av verkligheten som möjligt. I flera industrier 
använder man sig fortfarande av äldre materialmodeller som egentligen inte håller måttet för 
dagens material då de är baserade på simplare material. Problemet som har skapat denna 
situation är att det inte direkt finns en konkret jämförelse mellan materialmodellerna vilket 
leder till att flera plåtformnings företag fortfarande håller kvar vid äldre modeller som t e x 
Hill`48. 
 
Syftet med detta arbete är att skapa en jämförelse av plåt materialmodeller från ett 
användarperspektiv för att kunna ge konkreta bevis till rekommendationer av 
materialmodeller. Olika modeller skall testas för olika material och baseras på AutoForms 
rekommendationer. AutoForm är ett FEM baserat plåtformningssimulerings program som 
används av stora namn inom bilindustrin. Dessa rekommendationer är då att köra Vegter2017, 
BBC2005 eller Hill`48 för stål samt att köra Vegter2017, BBC2005 eller Barlat`89 för 
aluminium.  
 
Detta arbete utförs genom att jämföra experimentella data från ett Limiting Dome Height 
(LDH) test med en simulering av detta test för alla material modeller och sedan jämföra 
resultaten. 
Jämförelsen mellan den experimentella och simuleringsdatan kommer att involvera major och 
minor strain i plåten samt stämpelkraften. Dessa parametrar har valts då de ger en bra översikt 
över materialmodellernas applicerbarhet och noggrannhet. Testen kommer att utföras på 
samtliga material som finns tillgängliga i Volvo Cars materialbibliotek för att skapa en 
breddare syn på samtliga modellers applicerbarhet. Materialmodellerna kommer även att 
utvärderas beroende på deras användarvänlighet samt vilka typer av data krävs för att använda 
modellen. 
 
Resultatet visade att BBC 2005 skall rekommenderas för aluminium samt stål till de företag 
som har tillgång till biaxiella data samt lägger optimering i fokus. 
Hill`48 visade sig alldeles för avvikande för stål och bör inte användas om andra modeller är 
tillgängliga. Vegter 2017 visade sig perfekt för stål då resultatet var bra samt att den 
nödvändiga materialdatan kan införskaffas genom standardiserade dragprov. Resultatet visade 
även att Vegter 2017 inte bör användas för aluminium då resultatet var för avvikande. 
Barlat`89 gav bra resultat med endast data från dragprovstest vilket ger att den är att 
rekommendera för aluminium. 
 
Slutsatsen från detta arbete är att valet av materialmodell är väldigt beroende av vilka 
förutsättningar som finns då väldigt få industrier har tillgång till de tester som krävs för att 
använda BBC 2005. I större delar av industrin där minimala optimeringar inte anses som 
väsentliga är Barlat`89 och Vegter 2017 att föredra då detta leder till snabbare processer. 
 
Nyckelord:  
Autoform, Material modell, Biaxiella data, Dragprov  
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NOMENCLATURE 
 

Acronym Explanation 
VCBC Volvo Car Body Components 

FE Finite Element 
FEA Finite Element Analysis 
FLC Forming Limit Curve 
FLD Forming Limit Diagram 
LDH Limiting Dome Height 
BBC Banabic Balan Comsa 
RMS  Root Mean Square 
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1 INTRODUCTION 

1.1 Background 
In today’s industries, an immense part of the quality assurance for products are made in an early stage 
using several different Finite Element Analysis (FEA) software’s. This allows testing of the stamping 
procedure pre-production for analyzing purposes. 
To make these simulations as accurate as possible a high-quality model of the material is needed.  
 
Volvo Cars located in Olofström, Sweden has been using the material model BBC 2005 for almost 10 
years in their sheet metal forming simulations, the results from this model have been very accurate. 
The data needed is also easy to acquire for the company using different types of standardized tensile 
tests as well as some data from the available LDH test. The parameters are therefore only easy to 
acquire as the company has access to an LDH setup which most companies don’t. One of the 
advantages of the current sheet material model is the many degrees of freedom available, this makes a 
more optimized model achievable. The current model requires the optimization for an accurate 
material model and will, therefore, be used in the current workflow (see Figure 1). 
 
 

 
Figure 1: Current workflow for a new material 

 
New material models are rapidly introduced to the market which makes it interesting for Volvo Cars to 
investigate one of the newer models Vegter 2017. Vegter 2017 is a newly produced material model 
which is based on the Vegter model with the aim of producing a similar result to the Vegter model 
using only a few inputs from standardized tensile tests. The material model is developed by the 
company TATA Steel Europe which is one of the material suppliers for VCBC. 
A part of why this material model may be of interest is that there is no manual modification needed 
with the material model which can lead to a more optimized process when acquiring new materials, 
this optimized workflow can be seen in Figure 2. Another reason why this model is of interest is that it 
only requires a few easy to acquire parameters from standardized tensile tests which will allow more 
users to use the model.  

 
 

Figure 2: Optimized workflow  
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1.2 Aim and objective 
The aim of this thesis is to be able to directly compare the two material models BBC 2005 and Vegter 
2017 for all materials that are currently used in Volvo Cars to get an overview of the model’s 
applicability and accuracy. The comparison will also include Hill´48 for steel grades as well as Barlat`89 
for aluminum, this is conducted to get a broader comparison between the models. The Barlat and Hill 
material models are used within many industries today and are still being recommended by the main 
platform for sheet metal forming simulations, AutoForm. 
These comparisons shall be made from a user perspective in a sheet metal forming environment to make 
it more appealing to industries as well as getting a more concrete comparison between the models. To 
compare the models a simulation of the LDH test shall be directly compared to the experiment, this 
allows for an accurate estimation of how the model estimates the different material. To get an overview 
of each material model three parameters will be compared that are all vital to the results in a realistic 
simulation. 
The goal for this work is to create a database of information that can later be used to prove why a model 
should be preferred and give concrete evidence. 

1.3 Research question 
 

What commonly used material model is best suited for use in sheet metal forming simulations? 
 

1.4 Hypothesis 
 

The different material models have different needed parameters and are currently used by 
different industries. There should, therefore, be different cases where each model is best suited. 

 
 

1.5 Delimitation 
 

• Only the listed material models will be studied: 
o Vegter 2017 
o BBC`05 
o Barlat`89 
o Hill`48 

• A simplified lubrication model will be used in the simulation. 
• Only punch force, major and minor strain will be considered for the comparison. 
• Only AutoForm will be used as a simulation platform for the conducted study. 
• The previously acquired values for each material will not be verified or investigated. 
• The model used for the investigation in the simulation environment will not be verified or 

investigated. 
• No analytical comparison shall be made as the models are based on very complex analytical 

calculations and will therefore not give a comparable result. 
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1.6 Theoretical framework 
1.6.1 AutoForm 
AutoForm is a finite element-based software that is commonly used by car manufacturers [1] to define, 
run and analyze sheet metal forming simulations. The finite element method used in the software is 
based on implicit incremental techniques which allow for accurate results for the numerical calculations. 
Advantages of using the implicit solution are that it allows for larger time steps than in the explicit 
method, large and small elements can be combined without the calculation time being affected by the 
size of the smallest element. Another advantage of the implicit method is that it allows for shorter 
calculation times even in more complex material models such as Barlat, BBC or Vegter. 
The software also uses an adaptive time step control which optimizes the time steps used in the 
simulation in regards to accuracy and computing time. This is achieved by adapting the time steps used 
in the simulation based on deformation and is controlled by the parameter Max Material Displacement. 
AutoForm also uses adaptive mesh which allows for a higher density mesh in strongly curved geometries 
spots. This adaptive mesh allows for more accurate readings of the results but also leads to an increase 
in needed computational power [2][3]. The refinement strategy used in the adaptive mesh for the 
software is more commonly used as the h-method [4].  
 
 
 
 

1.6.2 Material input in AutoForm 
The material model is a mathematical model that describes the behavior of a material and makes it 
possible to predict the result of a complex process such as sheet metal forming. In AutoForm, the 
material model is a part of the material input which consists of three main groups the forming limit 
curve/forming limit diagram, the hardening curve and the yield surface where all three has a huge 
role in the accuracy of the result for the simulation (Figure 3). The focus for the sheet material model 
lies within the yield surface and will be further discussed in a later stage. 

 

 
Figure 3 Visual representation of the main components of simulating a material in AutoForm. 
 
The hardening curve describes how the material gains strength as it deforms. This can be visualized 
using a strain/stress curve where both an elastic region and a plastic region can be seen. The elastic 
region means that any deformation that only occurs in this area will not cause any permanent 
deformation on the specimen. The elastic region will be calculated by the software using Hooks 
theorem and will therefore not be needed as an input. 
The important part of the stress/strain curve is the plastic region and can be produced using a tensile 
test. As the tensile test only provides usable results until necking occurs in the specimen the rest of the 
curve can be produced using either a bulge test, extrapolation or a compression test.  
 
 



6 
 

6 

The yield surface which is a visual representation of how the material will deform depending on what 
type of stress that is affecting the system. Any stress that doesn’t exceed the boundaries of the yield 
surface will only result in an elastic deformation which means that the specimen will return to its 
original shape. In the case of isotropic hardening, the yield surface will grow accordingly with 
increased plastic deformation, the growth speed of the yield surface will be dependent on the 
hardening curve. This occurs as the material will need a higher strain for plastic deformation after 
hardening.  
The first implementation of yield surfaces is from Tresca in the 1870s and was later improved in 1913 
by von Mises. The difference of these surfaces (see Figure 4) is the same as the difference of 
aluminum and steel as these shapes are generally how the materials yield surface will look, Tresca for 
aluminum and von Mises for steel. 

 
Figure 4 Trescas and von Mises yield criterion [5] 

 
The yield surface is directly affected by the material input as well as what material model that is being 
used as this will calculate the surface using the different input parameters. A visual representation of 
this can be seen in Figure 3 where the yield surface of two different material models is shown in the 
same plot.  
The variance in parameters that are needed for the models is the main reason for the complexity 
variation for the user. This is an interesting factor while comparing the models and will be taking into 
consideration for the conclusion. 
The yield surface consists of several different points that can be seen in Figure 5 which describes what 
type of strain that will affect that area. These types of strains can be simplified to different types of 
load cases. This makes it possible for the simulation software to calculate a combination of these 
stresses and from that make a conclusion if the part will go over the elastic region and start deforming. 
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Figure 5 Yield surface 

 
 
The different load cases that are being used for the yield surface can be seen in Figure 6. 
  
 
 
 
 
 
 
 
 
 
 
This is the base for all material models as it uses some of these points to estimate the yield locus 
shape. The most important part of the yield locus is the plane strain points as materials will always fail 
in plain strain. This area of interest will focus on the first quadrant of the yield locus as it’s where the 
most effects will occur. 
A lot of the data points that are shown in Figure 5 are possible to acquire using several different tests 
but no one within the industries has access to all these tests which makes a material model that can 
approximate these a necessity. There is one material model that takes full use of these tests which is 
the full Vegter model but as no one has full access to these tests it is barely used. The reason why 
these tests are uncommon within the industry is the small application area as this will mostly be seen 
as a waste of resources. 
 
Forming Limit Curve (FLC) and Forming Limit Diagram (FLD) is commonly used within sheet 
metal forming simulations to predict the behavior of sheet metal. This is achieved using a predictive 
method of what combination of major and minor strain that is affecting the part and giving a visual 
representation of where the part will have defects such as the risk of splits, excess thinning and splits. 
This can be seen in Figure 7 where the black curve is the FLC visualized in an FLD, the different 
colored regions represent different types of defects that can appear during this load case. 
 

Figure 6 Load cases yield surface (in order biaxial stress, plane 
strain, uniaxial tension, and pure shear) 
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Figure 7 FLC and FLD example 

 
The FLC is produced by stamping 7 different plates until a crack occurs in a setup similar to the one 
used for LDH testing. The main difference from these tests are that the lubrication used allows for 
almost 0 friction in the FLC production and leads to a more prominent crack at the top of the 
specimen. An example of a produced curve and the specimens used can be seen in figure 8. 
 

 
Figure 8 Example of a FLC and specimens for the production 
 
This curve will be mainly interesting for the simulation of real parts and will therefore not have an 
impact on the interpretation of the results for this work.  
 
 

1.6.3 Stamping terminology  
 
There are several terms used when discussing stamping procedures, here are some more commonly 
used terms.  
The blank is the material specimen that is being stamped. The blank holder is the parts of the stamp 
that holds down the blank during stamping to reduce wrinkles and restrain the material. The punch is 
the part of the stamp that creates the deformation of the blank during stamping. The die will act as a 
type of form allowing for the deformation to occur. These examples are visualized in Figure 9. 
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Figure 9 Visual representation of a single action procedure 
 
 

1.6.4 Material models 
 
The majority of the variation between the different material models used in this comparison is how they 
have calculated the yield surface. This is achieved by basing the surface on different points in the yield 
surface and calculating the yield surface from these parameters. From this base estimation, the different 
models have been optimized by comparing it to real materials, this means that older material models 
will be based on the older material used back then. As the materials used now are more complex than 
for example 20 years ago this may mean that older material models may not be able to estimate the yield 
surface as accurate. 
The different models are named by the model and then the version number, this allows for more direct 
information on what version is used. An example of this can be BBC`05 which mean the model BBC 
and the version 2005. The names for these material models will be changed after half of this thesis as 
there is no real reason to display these numbers throughout the thesis.  
 
The different material models are all based on different assumptions as well as different complex 
analytical calculations. The material models Barlat, BBC 2005 and Hill are all explained in depth in 
“Sheet Metal Forming Processes” [6], the analytical part of the models will not be considered in this 
thesis as the results from this comparison wouldn’t be easy to evaluate. There is also no direct 
information on how Vegter 2017 is calculated and can therefore not even be considered. 
 

1.6.5 Material data from experiments 
 
The material data for the materials in the Volvo Cars library has already been collected using different 
material tests on each material prior to this work. These tests include tensile tests in three directions, 
bulge test, seven different FLC samples, and a LDH test. From these tests, several different types of data 
are collected as the different material models require this information. 
All material models that are going to be tested have three values in common and these are 𝑟0, 𝑟45°, 
and 𝑟90°. These values are a measurement of the plastic anisotropy for the material and are mainly used 
as an indicator for the formability of sheet metal and can be determined in a tensile test. The three 
different plastic anisotropy values are calculated for the material using three different tests where the 
specimen is taken from three directions from the material (see Figure 10). The specimen from the 
longitudinal direction will give 𝑟0, the diagonal will give the value for 𝑟45 and the transverse specimen 
will give the value for 𝑟90.  
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Figure 10 Visualization of the difference between the three different specimens needed for the 

three tensile tests. [7] 
 
 
All models also require a hardening curve to be used in the AutoForm environment. This has also been 
acquired prior to the work using a tensile test in the longitudinal direction and a bulge test. 

1.6.5.1 Barlat and Hill´48 required input data 
For Barlat and Hill the plastic anisotropy coefficients 𝑟0, 𝑟45°, and 𝑟90° is all that is required from the 
experiments and can be determined using standardized tensile tests. For Barlat a standardized M-value 
is also required but is commonly set as a standard and only varies when u change the type of material, 
for example, the standard is 8 for aluminum and 6 for steel. This M-value will be used for optimization 
as this value changes the form of the material model. 

1.6.5.2 BBC required input data 
This model requires the plastic anisotropy and the three different stress values (𝜎0, 𝜎45, 𝜎90). These 
values are calculated from the tensile tests. An advantage and challenge of the BBC model are that it 
requires biaxial data to function. The biaxial data can be acquired from tests called the bulge test and 
LDH-test. These tests aren’t always available for all industries as they aren’t required for the material 
models commonly used. BBC also requires an M-value and will be used as an optimization tool instead 
of using the commonly used values as this has proven to increase the accuracy of the model. 

1.6.5.3 Vegter 2017 required input data 
Beyond the plastic anisotropy coefficients 𝑟0, 𝑟45°, and 𝑟90°, the material model Vegter 2017 also requires 
6 extra values. 
The first three consists of the uniform elongation of the material and is written as 𝐴𝑔0, 𝐴𝑔45, and 𝐴𝑔90. 
Similar to the plastic anisotropy the values of the coefficients are measured for 0, 45 and 90 degrees to 
the rolling direction of the material. 
The last required parameter for the Vegter 2017 model consists of the tensile strength of the material in 
0, 45 and 90 degrees to the rolling direction of the specimen. All these parameters can be acquired from 
a standardized tensile test. 

1.6.5.4 Summary acquired material data 
All data that has been acquired and used for this thesis has been collected using several tensile tests as 
well as from the use of the bulge and the LDH-test. 
The total data needed to run the different models have been compiled in Table 1 as well as the parameters 
meaning in Table 2. 
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Table 1 Summary of the required parameters for the material models 
Req. parameters BBC Barlat Hill Vegter 2017 

𝑟0, 𝑟45, 𝑟90 X X X X 
𝐴𝑔0, 𝐴𝑔45, 𝐴𝑔90    X 

𝑅𝑚0, 𝑅𝑚45, 𝑅𝑚90    X 
𝜎0, 𝜎45, 𝜎90 X    

Hardening curve X X X X 
𝑟𝑏 X    
𝜎𝑏 X    
M X X   

 
Table 2 Parameter description 
PARAMETER MEANING 

𝐫𝟎, 𝐫𝟒𝟓, 𝐫𝟗𝟎 Plastic anisotropy coefficients 
𝐀𝐠𝟎, 𝐀𝐠𝟒𝟓, 𝐀𝐠𝟗𝟎 Uniform elongation 

𝐑𝐦𝟎, 𝐑𝐦𝟒𝟓, 𝐑𝐦𝟗𝟎 Tensile strength  
𝛔𝟎, 𝛔𝟒𝟓, 𝛔𝟗𝟎 Stress coefficients 

𝒓𝒃 Biaxial plastic anisotropy 
𝝈𝒃 Biaxial stress  
M Standardized M-value for switching materials in a 

material model 
 
This can be summarized by that Vegter 2017, Barlat and Hill only require data from standardized 
tensile tests meanwhile BBC also requires biaxial data to get an accurate reading which most 
industries don’t have available. 

1.6.5.5 Tensile test 
The tensile tests that have been conducted for the data acquisition have been achieved using a standard 
setup [8] with an exception that a painted specimen has been used as well as optic sensors. This makes 
for a more accurate result as well as a more trusted input data for the comparison. 
The tensile test has been conducted on three different specimens for each material to be able to acquire 
the needed results for 0, 45 and 90 degrees from the rolling direction. 
 

1.6.5.6 LDH test 
A LDH test [9] is a test where a circular shaped painted blank (see Figure 11) is placed between two 
blank holders (see Figure 12). A spherical shaped punch is then pressed to the blank until a fracture in 
the blank has appeared. 

 
 

Figure 11 Painted blank 
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To measure the deformation of the sheet two optic sensors are placed on top of the stamping die where 
they have a full view of the blanks deformation process. The spray paint on the blank makes it possible 
for the optic sensors to record the relative change of deformation in the blank for every position. After 
the test, several parameters can be determined, such as strains, strain rates, etc. 
 
This test allows for the collection of the data for the calibration of the BBC material model as well as 
data that will be used to calculate the hardening curve. 
 
 

1.6.5.7 Bulge-test 
The bulge test is a test that involves a similar setup to LDH test but instead of a stamping die acting as 
a deformation method, a uniform pressure is applied to deform the blank. 
This test allows for the collection of material properties such as Young’s moduli, Poisson’s ratios as 
well as residual stresses. The test can also be used to produce hardening curves for a strain larger than 
necking in the uniaxial test. 
 

Figure 12: Cross section of LDH-test 
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2 RELATED WORK 
Sheet metal forming simulation is a complex analytical subject with many different components that 
are all required for a functioning product. Because of this, there are many different related works in 
the field all ranging from “New methods for predicting Forming Limit Curves from mechanical 
properties” [10] to “Friction and lubrication modeling” [11]. Where both have very different agendas 
and goals but will still follow the path of making sheet metal forming simulation a more accurate way 
of depicting reality.  
 
So, there are multitudes of different areas in sheet metal forming simulations where work is concluded 
and new ideas are tested to get improvements. The only related works that are within the same 
specialization of sheet metal forming simulations as this thesis will often have another goal in mind 
with the material model comparison only in to prove a point and will often not show a multitude of 
examples or models. 
One of these examples is “A new method for predicting advanced yield input parameters from 
mechanical properties” [12] where the creators of the Vegter model show how the implementation of 
Vegter 2017 is achieved by predicting advanced material data from tensile test data. The comparison is 
made between the Vegter 2017 model and Hill`48 to prove the model’s applicability and is only 
concluded on one material. The comparison made between the material models in the paper gives 
concrete evidence that the Vegter 2017 gives a better prediction for the given material than Hill`48. 
The approach chosen for the comparison is to compare experimental data with simulation data for a 
material. The comparison is well executed but still limited as it is only conducted for one material 
which doesn’t prove as much as is needed to get an overview of the implementation. Another thing 
that can be noted is that the model is said to be using complex material data but still only uses 
comparisons with the simplest model available.  
 
Another case where material models are directly compared can be seen in a handbook for sheet metal 
forming simulation called Sheet Metal Forming processes [6]. The main focus of this handbook is to 
explain and compare material models from an analytical perspective and give an overview of different 
aspects of sheet metal forming. The comparison made in the book is using the same principle as the 
previous example as it uses a comparison between experimental and simulation-based data. The most 
impactful difference between the two works is the compiling of results as the handbook uses a quality 
index comparison between 4 models to get an overview of the models accuracies for different points 
on the yield locus. For the comparison, 3 aluminum alloys are used which makes for a broader 
analysis than the previous example but still lacks for a complete comparison.  
  
Many aspects of these works have been taken into consideration when starting this thesis as it gives an 
excellent base of what has been achieved within the subject as well as what could be improved. 
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3 METHOD 
 
The method for this work will be starting with analyzing previously work conducted within this 
subject by researching in similar studies to find what has been achieved as well as what can be learned 
from their experience. This process has been conducted to get a better overview of the challenges as 
well as a better chance of not falling in the same traps as others. 

 
Most of the project will be conducted in a simulation environment using AutoForm which is an FE-
program used for sheet metal forming simulations which is to be preferred as Volvo Cars main focus 
for this type of material data and will be used in a similar setting, this also applies to other industries 
that may have interest for this result. 
 
The comparison shall be made on three different material models for each material to get a better 
overview of each models accuracy. The extra model for analyzing different steel grades will include 
Hill´48 which is still widely used within industries for material simulations and for testing aluminum 
the material model Barlat`89 will be used with similar reasoning. 
The two extra material models were chosen by recommendation from AutoForm as well as from other 
knowledgeable people within the field. Another important factor was that the models were already 
available in AutoForm which made it possible for the comparison. 

3.1 Material properties 
 
As the company that has created the Vegter 2017 model is also a material supplier to Volvo Cars a 
caution had to be made while choosing what materials should be used in the comparison. The solution 
for this was to use all materials that were present in Volvo Cars material library as this will give a broad 
overview of not only different types of material but also different suppliers. This will also ensure that 
the materials used within the industry are being analyzed.  
 
The materials spread has been visualized using tensile strength as well as the uniform elongation of the 
material, these values are taken from tensile tests using the specimen in the rolling direction and can be 
seen in Figure 13. The total number of materials will be 20 steel grades and 8 aluminum alloys. 
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Figure 13 Material spread visualization 

 
Figure 13 shows that the materials that will be tested will have a huge variety of material properties 
which should provide a conclusion that can be applied to all materials out on the market. The aluminum 
has a smaller variation that the steel grades, the main reason for this is that in general aluminum has less 
variation for the materials that are used within a sheet metal process. Another reason is that aluminum 
is less used within industries for sheet metal forming which means that the results for steel grades are 
more important. 
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3.2 Main approach 
The main approach of the thesis will consist of several different parts visualized in Figure 14. 

 
Figure 14 Main method of comparing the models 

 
 
The process will be repeated for all materials in Volvo Cars library. 
 

3.2.1 Acquiring material data 
Tensile and LDH tests have been conducted previously by Volvo Cars and can be seen more in-depth 
in the theoretical framework (1.6.6). 
All the different parameters needed for the material models can be seen in Table 1. 

3.2.2 Simulation of material models 
To get an acceptable comparison between the material models it was obvious that a simulation of an 
experiment had to be created. Volvo Cars had previously created a simulation of the LDH test in the 
software AutoForm to test material models of the material before using it in a car project simulation. 
This base simulation had the capability to change the material input as well as material models with ease 
which made it a perfect platform to conduct the comparison. 
 
The simulation process can be seen below where the punch forms the blank until a certain deformation 
has been reached (see Figure 15-17).  

Acquire new material 
data

Conduct the simulation 
for three different 
material models

Compare results
Adjust models if needed 
until best possible result 
is found for each model

Evaluate the result for 
the material
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Figure 15 Blank holders are clamped to the blank 

 

 
Figure 16 Stamping starts and the punch starts to deform the blank 

 

 
Figure 17 Stamping stops after a set mm of deflection 

 
 
This simulation has been determined to be the best way to make a comparison between the models as 
it has previously proven to give similar results to the experimental LDH. 
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Another benefit of using this simulation to compare with the experimental data is that the strain that 
will appear during this procedure will far exceed strains that appear during normal simulations. This 
makes the results more trustworthy as it will ensure the accuracy of results for all stamping 
procedures. 

3.2.2.1 Process steps 
The simulation is divided into four process steps where data can be collected.  
The process steps are specified where the simulation has the most interesting results and only shows the 
results at these times. The experimental setup has a similar setup which allows for a direct comparison 
at the same time. This sort of setup is created to reduce the computational cost for the simulation as even 
with only results in 4 points the simulation takes up to an hour. 
 

3.2.2.2 Changing the material model 
It is easy to change material models in AutoForm as only a small change has to be made for the material 
in the model and nothing more. This small change contains changing the model for the yield surface 
(Figure 18) as well as inputting extra material data if needed as when changing from BBC to Vegter 
2017 as six extra inputs are needed. 

 
Figure 18 Material model change in AutoForm 

 
 
 

3.2.2.3 Acquiring results from AutoForm 
The results that will be of interest from the simulation in AutoForm will mainly involve the force that 
will be acting on the punch as well as the major and minor strains that appear in the blank at the selected 
process step. 
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These values are chosen as it gives an excellent overview of what occurs during the simulation as well 
as that the values are easily acquired for the experiment. It also indicates the material models 
applicability for the material as the yield surface from the model greatly affects these values. 
 
The blank in the simulation has two sections where the data for major and minor strain will be collected, 
this gives a more comprehensible comparison between the experiment and simulation as the data will 
vary between the rolling direction of the blank compared to the perpendicular direction. The sections 
can be seen in Figure 19 where the first section is in the rolling direction (orange arrow) and the second 
section is in transverse (green arrow). The section is set up like this so the experimental data can be 
acquired in these sections as collecting data for the whole blank is unnecessary. 

 
Figure 19 Material blank in simulation with the sections visualized 

 
The major and minor strain will be collected in these sections by using the implemented graphs that 
show the magnitude of the strain in each section (see Figure 20). The result from the graphs can easily 
be exported to excel which makes it much simpler for the data comparison. 
 



20 
 

20 

 
Figure 20 Visualized graphs example for the major strain in a material 

 
The strain data from the top surface of the blank will be exported from AutoForm, this allows for a 
direct comparison to the experimental data as the experiment used a similar setup. 
 
The punch force is a description of how much force the punch transmits onto the blank to get a 
deformation. This means that the punch force is an excellent way to compare the material models as 
this is used to compare the biaxial data. The punch force will be directly exported from the simulation 
in an excel format from the graph shown in Figure 21. 
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Figure 21 Punch force data from AutoForm 

 
The punch force data is also easily accessible from the experiment which makes for a simple 
comparison. 

3.2.3 Comparing the results  
As AutoForm allows for the data to be directly exported to Excel this makes the process of comparing 
the results much simpler as it allows for direct implementation into Matlab. Matlab will be the main 
tool for comparing the results as it has a great potential not to only visualize the results but also 
making it possible to automate the process. As the data from the experiment was different from the 
collected data from the simulations small changes had to be made to directly compare the two, this 
was easy as Matlab had the tools necessary. These changes include fitting the results so that the two 
results are using the same type of starting points to allow a more direct comparison. This change is 
needed as the experimental setup starts at one point and the simulation another. The results are then 
placed in the middle of the graph to more easily display the difference in results. 
The comparison will be made with 3 different material models as well as the experimental data to give 
a visual representation of the applicability of the models on the material. 

 
All the materials have 5 main comparisons: major strain for each section, minor strain for each section 
and a comparison of the punch force. This is seen as a sufficient base to assess the models applicability 
and accuracy. The comparing in this part will only include a simple visual comparison to see if further 
changes need to be made for any of the models. The visual cues will include the displacement of extreme 
values. It is hard to directly display how much of a deviation is needed to conclude that the result need 
changes and will vary for each model. 
For Hill no direct changes can be made and will therefore only be judged by the displacement in the 
curves. If a higher variance is found for Barlat an optimization will be conducted for the M-value. 
Vegter`17 has no direct changeable parameters and will therefore only be changed by varying the 
friction, this will only be tested if a considerable amount of variation was found and will include an 
evaluation of the newly used friction. 
 
The strain comparisons will have the following characteristics: 
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Figure 22 Visual representation of the strain comparisons characteristics 

 
Where the four data sets are plotted in the same graph where x coordinate represents the distance from 
the middle of the blank. This type of graph is created as it makes for a more visually pleasing 
presentation where the results can be seen directly without interpretation. 
 
A similar graph was created for the punch force and looks as follows: 
  

 

 
Figure 23 Punch force comparison visual example 

 

3.2.4 Adjusting the models 
The current material model that Volvo Cars is using is BBC has three manual variables that can be 
adjusted to further increase the model’s accuracy. This is an impactful factor while comparing the 
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models as the model may not be as accurate but with several adjustments to the variables, it can change 
drastically. 
This adds several factors to the comparisons of the material model as this makes BBC more versatile as 
well as more complex as it requires a lot of extra work beyond the collection of tensile test data to get 
the best possible result. 
There are 3 variables that can be changed to fit the BBC model to the data from the tensile and the LDH 
test, the first two are mainly affecting the biaxial part of the yield surface (see Figure 24). The last 
variable is M which determines the shape of the yield surface and has a sizable impact in the results for 
major and minor strain in the material.  
   
 

 
Figure 24 Yield surface parameters visual 

 
The two variables in the biaxial part of the yield surface can be set to be calculated automatically from 
the Hill model but this has been found to give unreliable results. Even the M value has a standard 
value of 6 that is widely used in industries when working with steel and 8 when working with 
aluminum. This has been tested on several materials with an indication that BBC is only accurate with 
manual fitting, an example of this can be seen in Figure 25 where the fitted version of BBC has a 
much better agreement with the experimental data compared to the standard values. 
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For the Vegter´17 model no variable can be tweaked which can be seen as a huge advantage if the results 
are similar to the tweaked BBC`05 model. 
Hill has a similar case to Vegter´17 as it has no variables that can be changed and Barlat has an M value 
that can be changed in Autoform with the same standard values as BBC. 
 

3.2.4.1 Trends 
When working with the adjustments of the material models several trends can be interpreted from 
changing the available variables. The first trend can be visualized as the change in the major and minor 
strain as the variable M is increased see Figure 26. 

Figure 25 Visual representation of BBC improvement by the manual fitting of parameters 
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Figure 26 Trends interpretation in M variation for major strain 
 
This gives a great overview of how the major strain approximation will change when the variable is 
changed as it will lower the major strain in the middle part of the blank while pushing the tops up and 
to the as can be seen from the arrows in Figure 26.  
For the minor strain, a similar case can be seen but instead of going up the curve will have a deformation 
outwards for the tops and a direct lowering of the midpoint (see Figure 27). 
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Figure 27 Trends interpretation in M variation for minor strain 

 
These trends will be used for the fitting of Barlat and have been previously used for BBC. 

3.2.4.2 Friction 
Friction is a huge complication when simulating materials as every specimen has a different surface. 
Because of the magnitude of materials that was going to be tested a simplification had to be made to 
be able to handle the friction in a simulation environment. This was achieved by setting the friction to 
a constant for each tested material. 
The friction that is used in the simulation plays an impactful part in the magnitude of the major and 
minor strain that will occur in the specimen and can be seen in Figure 28 where a material was 
simulated using the same model and values and only varying the friction coefficient of the punch.  

 
Figure 28 Major strain comparison with friction variation 
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Because of this the friction that is being used for the models need to be the same to get a comparable 
result. 
 
Previous simulations have been conducted with the LDH test for the material model BBC where a 
value for the punch friction has been already set which was seen as an acceptable starting point. To not 
favor the BBC model the friction coefficient was used as a variable and changed in the Vegter´17 
model until an acceptable result was met. To be able to determine if the friction change that was 
needed to get an acceptable approximation from the Vegter model a chart was used with rough 
intervals of where the material should lie. 
Using this approach makes it possible to acquire the best result for each model which is of interest as 
the best prerequisites are needed to get a fair overview of the comparison. 
   

3.2.4.3 Input variation 
 
The required parameters to run the different material models can be seen in Table 1 as well as which 
tests are needed to acquire these parameters in Table 3. 
 
 
Table 3 Required test to access the needed parameters 

Req. tests BBC Barlat Hill Vegter 2017 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑡𝑒𝑠𝑡𝑠 0°, 45°, 90° X X X X 
𝐿𝐷𝐻 X    

 
The LDH test is never required for Barlat, Hill or Vegter 2017 but if available it can be used to determine 
the accuracy of the model. 
 
The different models have different parameters that can be changed to optimize the material models (see 
Table 4). This makes the models more open to optimization but also makes them require more work for 
an optimal result.  
 
Table 4 Optimization parameters for the material models 

Optimization 
parameters 

BBC Barlat Hill Vegter 2017 

M-value X X   
𝑟𝑏 X    
𝜎𝑏 X    
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3.2.5 Evaluating the results 
 
After every change has been conducted to fit the models to the experimental data evaluation of the 
discrepancy can be achieved. 
Every evaluation of a material will be different as it may include several different complications. If an 
acceptable result is found through either direct implementation or an acceptable change of friction in the 
model less information will be presented. 
As there are so many materials that are being analyzed an overview will be presented rather than going 
through the data one by one as this would include hundreds of plots. Special cases will be brought up 
as they may contain special information that may influence the conclusion. 
 
The evaluation will be made using the several produced graphs as this gives a great overview of the 
applicability of the material as well as presenting its flaws. 
 
The final verdict will be presented by giving an overview of the result from the major and minor strain 
plots from each material using a percentile difference calculation. This type of result was created to 
get a better overview of the applicability for the materials with the different material models and is 
achieved by calculating an average value for the strain for each material model using RMS (eq. 1)(root 
mean square) and comparing these for each material.  
 
A problem may appear where the fit for the model is so poor that it will give an acceptable value for 
the difference, i.e. the results may vary in such a way that the overestimation in one part will cancel 
out the underestimation in another part which will give an exceptional result even though the fit is 
terrible. To counteract this the RMS approach will only be used for the steel grades as the aluminum 
has too much variation in shape to give an acceptable estimation using this method. 
The RMS value is known as a quadratic mean value and allows for a direct comparison between 
curves with a higher order which will be perfect for this case. 
The RMS is calculated with the following formula (eq 1). 

𝑥𝑟𝑚𝑠 = √
1

𝑁
∑|𝑥𝑛|2

𝑁

𝑛=1

        (1) 

Where N is the number of points in the curve and Xn is the value of the amplitude. 
 
For the aluminum, a more direct approach was chosen by directly analyzing the results as an analytical 
approach was proven to be unnecessary.  
 
 
 
 



29 
 

29 

4 RESULTS 

4.1 Steel grades 
4.1.1 Punch force comparison 
 
When analyzing the punch force comparison for the steel grades the only consistency is that the BBC 
model will always align with the experimental data. When analyzing the Vegter as well as the Hill model 
a variation in results will be found as there are cases where the data overestimates, underestimates as 
well as perfectly aligned with the experimental data. Examples of this can be seen in Figures 28-30. 
 
 

 
Figure 29 Punch force comparison for the material CR3 with Hill overestimating and Vegter 

underestimating. 
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Figure 30 Hill and Vegter overestimating the punch force 

 

 
Figure 31 Vegter´17 aligning with the experimental data 

 
 
No patterns can be determined from the punch force comparison as sometimes even the Hill model will 
overlap the experimental data better than Vegter´17 (Figure 32). 
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Figure 32 Hill giving a better approximation than Vegter 2017 

 
This result shows that Vegter 2017 and Hill give bad estimations of the biaxial stress compared to 
BBC which is to be expected.  
 

4.1.2 Major and minor strain comparison 
The major and minor strain comparison for the steel grades has a pattern where the Vegter 2017 and 
BBC values are overlapping the experimental data with high accuracy. On the other hand, the Hill model 
will always have more deviation from the experimental data compared to the other material models with 
one exception which can be seen in Figure 33. 

 
Figure 33 Single case of Hill giving a better estimation than Vegter 2017 

 
As this is the only case out of 20 steel grades it can be seen as an outlier as it doesn’t follow the pattern 
that the other 19 materials have proven. 
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Examples of this pattern can be seen below as well as the previously discussed correlation between 
Vegter and BBC: 

 
 

  
 

 
Figure 34 Major/minor strain comparison for steel grades 
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The strain prediction using Hill had such a variation from the experimental data that no further 
comparisons were needed to determine that Vegter and BBC were highly superior. 
To get a better overview of the variation between the Vegter and BBC models and experimental data 
the following comparison was made using an RMS based approach of the data sets. 
 

 
Figure 35 Vegter and BBC variation from experimental data major/minor strain 

 
Figure 35 shows that the material models have a very similar spread for the steel grades for the major 
and minor strains which is found to be the most interesting parts for manufacturers as these parameters 
give an estimation of defects during stamping. 
 
For this comparison, one outlier was found where the difference for the minor strain was around 40% 
from the experimental data for the Vegter´17 model (see Figure 36). As this was the only case where 
such a discrepancy was found it was not taking into account for the whole comparison as there was no 
correlation between this and the rest of the results. 
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Figure 36 Vegter steel discrepancy case 

 
The average value for the spread was calculated (without the outlier) and can be seen in Table 5. From 
this data, it can be determined that BBC is the better material model but also that Vegter 2017 isn’t far 
behind as a 6% difference is hardly anything in this context as the load case used in an LDH test is 
considered extreme. 
 

Table 5 Average % difference 
 Vegter % BBC % 
Major strain 2.73 3.67 
Minor strain 6.37 2.66 

 
 
 

4.2 Aluminum alloys 
The results from the aluminum alloys proved quite hard to compile as it required many variations in 
parameters to give get the best possible result for each material model. 
A pattern was found with the Vegter 2017 model as it proved to be inaccurate when using the same 
friction as the BBC and Barlat models, to counteract this several simulations were made to find the best 
fit for the Vegter 2017. As this often led to frictions that couldn’t be considered plausible it was still 
seen as fair to present them within the same plot as the original fit using the base friction. This gives 
more contrast to not only showing the magnitude of friction variation but also of how much the values 
needed to be changed to get a decent result for the Vegter 2017 model. 
This procedure can be visualized using one of the attempts to fit the Vegter 2017 model to the 
experimental data see Figure 37 and 38. 
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Figure 37 Vegter friction variation major strain comparison 

 

 
Figure 38 Vegter friction variation minor strain comparison 

 
As can be seen in Figure 37 and 38 the friction has a major effect on major strain as well as the minor 
strain, this proves why this procedure is necessary to get the fairest comparison. 
 
Barlat was chosen as the third comparison for the Aluminum as it is widely known as the go-to material 
model when working with aluminum. This was proven not to be the case when using the standardized 
M-value of 8 as it often gave a very large deviation to the experimental data. To give Barlat the best 
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opportunity the M-value was varied until the best possible fit was found, this investigation was 
concluded for each aluminum where there was a major deviation. It wasn’t long until a pattern was 
found for the M-value as it always resulted in an M-value of around 5.5 to get the best possible result. 
This can be seen in Figure 39 and 40 where the standardized Barlat can be directly compared to the 
fitted version for two materials. 

 

 

 
Figure 40 Barlat M-variation minor strain 

 

Figure 39 Barlat M-variation major strain 
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For this reason, the values presented from the presented results from the Barlat model will be from the 
fitted version as this gives better results compared to the experimental data. This fit was only 
implemented for the majority of the aluminum alloys in this comparison as some already gave acceptable 
estimations and was deemed unnecessary to change. 
 
 
 
 

 

4.2.1 Punch force comparison 
 
The punch force for the different material models had a very noticeable pattern as in every case all the 
material models except BBC were overestimating the punch force. The most prominent denominator 
was that the BBC had a very similar behavior here as in the steel comparison where the values were 
overlapping with the experimental values with high accuracy. Both Barlat and Vegter 2017 had a sizable 
variance in accuracy but was always overestimating the punch force. An example of this pattern can be 
seen in Figures 40 and 41. 

 
Figure 41 Punch force comparison Advanz-e170 
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Figure 42 Punch force comparison Advanzs118 

 
  
The friction will also directly affect the punch force curve which can be seen in Figure 43 but as the 
variation is so small this doesn’t affect the result as the main effect will appear after the process step 
that has been previously discussed. This is the case as the friction will mainly affect when the force 
will drop. 

 
Figure 43 Friction variation effect on the punch force 

 

4.2.2 Major and minor strain comparison 
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When comparing the minor and major strain for aluminum several factors need to be considered as 
several changes to the models have been made. To include this in the result the comparison will show 
the curve for BBC, Vegter 2017 with the same friction, Barlat with fitted curve and Vegter 2017 with a 
fitted curve. The fitted version of Barlat includes an optimization of the fit by varying the M-value, the 
fitted Vegter 2017 will include the best possible fit of the model using the friction in the model as a 
variable. 
Examples of the results can be seen in Figures 43-46 with previously discussed setup. 

 
Figure 44 Major strain comparison Advanze170 
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Figure 45 Major strain comparison Advanze170 

 
Figure 46 Major strain comparison Ecolite 100 PS 
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Figure 47 Major strain comparison Ecolite 100 PS 

 
 
 
The results are quite clear as all the material models gave an acceptable estimation with the fitted 
versions. It can also be concluded that the BBC will give the most accurate results as it is always closer 
to the experimental data than Barlat. The Vegter 2017 model will only give an acceptable result when 
the friction coefficient is reduced to unrealistic values. 
The results are the same for all the materials except one Advanz-s118 where all the models gave 
exceptional estimations without any fitting or changes of any sort (see Figure 48 and 49).  
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Figure 48 Deviation case for aluminum major strain 

 
Figure 49 Deviation case for aluminum minor strain 
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5 ANALYSIS AND DISCUSSION 

5.1 Steel grades 
5.1.1 Punch force comparison 

 
The punch force is directly affected by the biaxial yield stress that can be seen in the yield locus 
(see Figure 50). As the BBC model will have direct input for this value this will always give the 
best approximation as it can be varied to get a better fit for the material. 
 

 
Figure 50 Effect on yield locus from biaxial variation 

 
The variation for the Vegter 2017 model will be directly be affected by the input data for the model and 
as it doesn’t have any biaxial input data the model creates an estimation which makes it more likely for 
variations, this will also be the case for the Hill model. As there were cases with both underestimating 
and overestimating the punch force it can be concluded that no improvements can be made to the model 
as there is no obvious pattern.  
 

5.1.2 Major and minor strain comparison 
 
As was concluded in the result of the major and minor strain estimation for the steel grades showed the 
inferiority of the Hill model. This result was to be expected as a lot of previous work has been done in 
the field to prove that other models are far superior to the Hill model in applicability and accuracy, 
examples of this can be seen in [6] and [7]. 
A reason for the inferiority of the Hill model can be that it has been around for ages and is based on the 
simple materials used in the industries back then which leads to it not being able to keep up with the 
more complex materials of today. Even though this result was to be expected it was still seen as a 
necessary comparison as the model is still used within several industries. This data can be used to better 
the understanding of why a newer material model may be needed with empirical evidence of the other 
models applicability as well as accuracy for a sizable variety of steel grades. 
 
The variation of the results between the BBC and Vegter is so small that both models can be seen as 
sufficient and shall be chosen dependent on what data is available. 
If all data is available as well as accuracy being of upmost importance the BBC models have proven to 
give less spread in the results and should be preferred. 
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The small variance has been further proven by doing a simulation on a side member from VCBCs 
production with both Vegter 2017 and BBC and comparing the results (Figure 51).  

 
Figure 51 Strain comparison between Vegter 2017 and BBC on a simulated side member 

 
The displayed strain in Figure 51 is the max/min difference between the two simulations of Vegter 2017 
and BBC which proves that even though there may be a difference between the models it is very small. 
 
Another example of the small variance in results can be seen when analyzing the formability of the part 
as it shows where defects have the most chance to appear during stamping (see Figure 52-53). 



46 
 

46 

 
Figure 52 Formability of side member using BBC 

 

 
Figure 53 Formability of side member using Vegter 2017 

 
It can be determined that even though the areas have small variation the results are still the same for 
both models which further strengthens the results of the material models for the steel grades.  



47 
 

47 

5.2 Aluminum alloys 
 

5.2.1 Punch force comparison 
 
The same conclusion can be said here as for the steel grades as the biaxial stress will increase the 
accuracy of the punch force for the BBC model and the accuracy of the others will fall off as biaxial 
stress is calculated by other means. The patterns that occur for the punch force is a great way to tell that 
Barlat and Vegter 2017 is overshooting its biaxial point for all aluminum which was not the case for the 
steel grades as there were cases with underestimation. 
This can easily be visualized by comparing the two yield surfaces for the same material one for BBC 
and one for Vegter 2017 see Figure 54 where the inner yield surface is BBC. 
 

 
Figure 54 Comparison yield surface BBC (thin line) vs Vegter 2017 for an aluminum alloy 

 
The same will hold for Barlat and can be seen in Figure 55. 

 
Figure 55 Comparison yield surface BBC (thin line) vs Vegter 2017 for an aluminum alloy 
 
This was the case for all aluminum alloys which should mean that the models need a change for the 
estimation of the biaxial point. The improved fit when changing the M-value for Barlat can be 
perfectly shown using this biaxial point as the point will move inwards when going from 10 to 5.5 
which leads to direct improvements for the estimated punch force. 
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5.2.2 Major and minor strain comparison 
When comparing the major and minor strain for aluminum alloys it can be hard to determine the 
accuracy of the different material models. The main reason for this is the variation between the major 
and minor strain data as it is almost impossible to get a perfect fit for both. As it has been proven that 
aluminum is a lot harder to predict the results of the fitted versions of the models can all be seen as 
sufficient. As the friction had to be modified a lot for the Vegter 2017 model to get a valid comparison 
the model can’t be preferred when using aluminum. The friction variation that was needed can be seen 
in Table 6. 
 
Table 6 Friction variation for valid results for Vegter 2017 

Material Friction for BBC/Barlat Friction needed for Vegter 
1 0.17 0.07 
2 0.24 0.12 
3 0.23 0.16 
4 0.23 0.12 
5 0.24 0.11 
6 0.22 0.12 
7 0.2 0.12 

 
When checking the friction for different materials a lot of parameters needs to be taken into account to 
get an acceptable estimation. This is the case in the model as the whole process will affect the friction 
coefficient. Even though the friction has been simplified it can still be confirmed that the values needed 
for the Vegter´17 to be accurate is so far from the estimation that this material model can’t be used. 
 
Another telling that the Vegter´17 model isn’t accurate when using it on aluminum is that the shape 
estimation of the minor strain for one of the sections for a third of the tested aluminum is a way to 
deviant compared to the experimental data. This means that even if the friction change would be seen 
as satisfactory it would still not give an acceptable estimation of reality. Examples of this can be seen in 
Figure 56-58. 

 

 
Figure 56 Minor strain friction variation Ecolite 100PS 
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Figure 57 Minor strain friction variation Ecolite 160ST 

 
Figure 58 Minor strain friction variation Superlite 160ST 
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5.3 Input variation 
 
The difference between the material models is that BBC requires an extra type of test to get all the 
required data to run the model. This is a huge step away from the other models as there are many 
companies that don’t have access to the testing facility needed to conduct this LDH. Therefore, the other 
material models have a huge advantage especially from a user perspective as it takes less time to conduct 
the tests and is more accessible for companies. 
 
Another aspect is the variables that can be changed in Barlat and BBC 2005 as these may increase the 
optimization potential for the model but heavily increases the workload. This has been proven previously 
as when using the models with the standardized values the results are always subpar. This has an 
impactful effect when companies decide what material models to use as time is money. The optimal 
model for most companies should, therefore, be Vegter 2017 for steel grades as it doesn’t require 
expensive tests as well as providing acceptable results without any modifications.  
The perfect model doesn’t exist for the aluminum as both Barlat and BBC require modifications for 
optimal results. 
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6 CONCLUSION AND FUTURE WORK 
 
The conclusion that can be drawn from this work is mainly which material model that is preferred for 
which type of material. For steel grades, the material model Hill can’t be recommended as it has proven 
to give insufficient accuracy for almost all the presented materials meanwhile the choice of Vegter 2017 
or BBC only depends on what material data is accessible. BBC proved to be the most accurate and 
should be preferred when using a steel material where high accuracy is needed and optimization is in 
focus. 
 
For aluminum alloys, the work directly points out the Vegter 2017 model as the worst of the pair when 
working with aluminum as it gives the worst strain approximation. The friction variation needed for the 
Vegter 2017 model to get a similar magnitude to the other models is so high that it can’t be seen as 
plausible. The results directly show that both BBC and Barlat gives the needed accuracy for aluminum 
and can both be used when high accuracy is needed. The problem with using these models is that fitting 
of the parameters is required to reach the accuracy that can be seen in the results.  
When taking the needed parameters in mind when comparing gives that Barlat is the preferred for most 
users when handling aluminum as it requires few parameters changes as well as only standardized tensile 
tests to reach high accuracy. For more advanced users the BBC model is preferred as it gives more 
possibility to fit the model with the cost of more time consuming and the need for the extra LDH test to 
start. 
 
So, in conclusion between the material models Vegter 2017 and BBC there is a clear winner in 
applicability as the BBC model has proven to give exceptional accuracy for all the material in VCBCs 
material library. The freedom in the BBC model is what makes it so applicable for all the material as 
well as sought after from people that want a model that lets you optimize the accuracy to the max. 
The Vegter 2017 has proven to be a quality material model when using it for steel grades as it requires 
a lot less work while giving an accurate result which is the perfect combination. But when using Vegter 
2017 on aluminum alloys the discrepancy is way too prominent and therefore cannot be recommended 
for aluminum use.  
 
Future work for this subject may include testing several more aluminum materials to get a better 
understanding of why the Vegter 2017 fails as the 9 materials may not be enough to give it a chance. 
Other work that may be of interest is to create another simulation model that will allow for a comparison 
between the material models and experimental data as this will give a better understanding of the 
model’s applicability.  
As the Vegter 2017 is based on the Vegter model it may also be of interest to compare these models 
with several types of aluminum to see if there are any significant changes. Problems with this are that 
the complete Vegter model requires so many parameters from tests that aren’t even conducted within 
high profile industries and would require cooperation between major universities.  
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