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Abstract: 
A blankholder is used to hold the edges of metal sheet while it is being 
formed by a matrix and a punch. An efficient way to design a stamping 
die is to integrate the blankholder plate into the die structure. This would 
eliminate the time and cost to manufacture blankholder plates. The 
integrated structure is called integrated blankholder. The main focus of 
this thesis is structural analysis and optimization of the integrated 
blankholder. The structural analysis of the integrated blankholder model 
(used for the production of doors of Volvo car model V70) is performed 
using Hypermesh and Abaqus. The FE-results were compared with the 
analytical calculations of the fatigue limit. To increase the stiffness and 
reduce the stress levels in the integrated blankholder, topology and shape 
optimization is performed with Optistruct. Thereafter, a CAD model is set 
up in Catia based on the results of optimization. Finally, structural analysis 
of this CAD model is performed and the results are compared with the 
original results. The results show reduction in stress levels by 70% and a 
more homogeneous stress distribution is obtained. The mass of the die is 
increased by 17 % and in overall, a stiffer die is obtained. Based on the 
simulations and results, discussion and conclusions are formulated. 
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 Introduction 

Volvo Cars Body Components (VCBC) and Manufacturing Engineering 
(ME) in Olofström is Volvo Cars division for stamping and manufacturing 
of stamping dies. Sheet metal forming has been done using stamping dies for 
more than hundred years. Over the years the experience gained has helped to 
improve the design of the dies. This chapter introduces the thesis briefly, 
throwing light on the background, problem statement, aim and scope of this 
thesis. 

 

2.1 Background 

Car body structures are almost exclusively made of sheet metal parts. 
The most common manufacturing method for these products is the deep 
drawing process. A stamping die stamps metal sheets to the required shape. 
A stamping die for a double action press normally consists of three main 
parts; Punch, Matrix and Blankholder. Figure 2.1 shows the main parts of a 
stamping die with an integrated blankholder plate, hereafter called integrated 
stamping die or integrated blankholder. 

 

 
Figure 2.1. The CAD model of an Integrated Stamping die. 

 Ram Punch 

Matrix 

Integrated Blankholder 
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A schematic diagram depicting deep drawing process for a single and 
double action press is shown in Figure 2.2 which gives a better understanding 
of the differences between a single and double action stamping press. In a 
single action press the blankholder, blank and the matrix move in the 
downward direction onto the punch to form the product whereas in a double 
action press the blankholder, blank and the punch move onto the matrix to 
form the product. In this process, large loads act on the blankholder. 
Therefore, it is important to have an optimal design of the blankholder that 
also follows the internal Volvo Cars Standards [1]. If this is impossible to 
achieve the standards need to be updated. 

 

 
Figure 2.2. The deep drawing process for single action die [left] and 

double action die [right] [2]. 

 

A blankholder clamps the blank (sheet of metal) against the matrix and 
provides the restraining force. The normal method to mount a stamping die 
in a double action press is to attach the blankholder to the blankholder plate 
which is attached to the outer ram. Another way of designing blankholders 
is to integrate the blankholder plate into the blankholder structure. This will 
eliminate the time and costs to manufacture blankholder plates and reduce 
the weight of the entire die as blankholder plates are heavy. It will also 
change the structural strength and deformations of the blankholder.  
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This type of integrated design is not much in use at VCBC today though there 
is a desire to start using it. 

Most double action stamping dies at VCBC today have a blankholder 
plate attached to it. The main purpose of the blankholder plate is to fit a 
‘small’ die into a ‘large’ press, provide rigidity to the die and prevent the die 
from bending forces during the stamping operations. But integrating the 
blankholder plate into the stamping die has benefits as already mentioned.  

 

2.2 Problem Description 

The major challenge while integrating the stamping die is to be able to 
produce a design which can withstand the high work load. Integrated 
stamping dies have already been used at VCBC previously. As some of these 
integrated dies have failed during their use, uncertainty regarding their design 
arises. It is also uncertain that the successful and not fractured integrated dies 
in use today at VCBC are safe and not close to failure. Therefore, it is 
required to perform structural analysis of the integrated dies to observe/study 
the stress distribution and identify the cause of failure. It is also required to 
optimize the design of the integrated blankholder to prevent failure in future. 

          
(a)     (b) 

 
Figure 2.3. CAD Model of Stamping die with (a) integrated blankholder 

and (b) blankholder plate. 

In this work the integrated stamping die used for the production of outer 
doors of Volvo V70 at VCBC is studied. In this stamping die, the integrated 
blankholder fractured several times during its use even after minor alterations 
when the die had failed. Finally, a blankholder plate was placed on the 
integrated blankholder to be able to use the die further. This die is chosen as 
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it is has fractured several times in the past and as the die is easily available 
to visualize in the Volvo Cars plant in Olofström. 

In Figure 2.3 the CAD (Computer aided design) model of the integrated 
stamping die can be seen on the left whereas the CAD model of the same 
stamping die with the blankholder plate is shown on the right. Note that the 
CAD model shown in the Figure 2.3 is half of the original die and various 
small components like screws, rivets etc., originally present in the die are 
removed to assist clarity. The symmetry of the stamping die is utilised to 
reduce the computational effort. 

 

2.3 Aim and Objectives 

This work aims at performing structural analysis of the integrated 
stamping die, study/understand the stress distribution in the die and identify 
the cause of its failure. It also aims to suggest an optimum design of the 
integrated blankholder in order to avoid failure in future integrated dies.  This 
aim can be achieved by building a Finite Element (FE) model of the die and 
carrying out simulations of this model. The results from the simulations will 
then be checked on how they match with the reality through investigation of 
the real die and previous usage experiences of the die. Next, an optimization 
study can be performed to get knowledge about how different design 
parameters in the die affect the operating dynamic behaviour. Based on the 
results from optimization, the die will be redesigned. The new model will 
again be analysed with FE simulations. This process will continue until an 
optimum design is achieved. Virtual modelling and simulations gives 
improved fundamental understanding of the problem. A chart showing this 
process of coordinated approach is shown in Figure 2.4. 
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Figure 2.4. Coordinated Approach [3]. 

 

The main objectives/tasks required to reach the aim are as follows: 

● Literature study of structural analysis of cast iron structures, 
optimization and blankholder designs. 

● To interview personnel at VCBC about previous experiences and new 
ideas of integrated blankholders. 

● Select one or several die(s) to study. 

● Study the selected die’s structural strength by FE-analysis using both 
a normal blankholder and an integrated blankholder. 

● Use optimization tools when developing optimum design of the 
integrated blankholder. 

 

 
Coordination Virtual  

Modelling 

Simulation 

Experimental  
Investigation 

Optimization/(Re)design 

New Technology Modified Product 
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2.4 Research Questions 

1) How can structural analysis of the integrated die be performed and 
the probable cause of failure be identified? 

2) How can the design of the integrated die be optimized in order to 
prevent failure? 

 

2.5 Delimitations 

Only one part of the integrated stamping die, the blankholder, is being 
optimized in this thesis as it failed several times. The optimised form of other 
parts of the die can be derived analogously. 

Only one of the several integrated stamping dies at VCBC is considered 
in this thesis. The method of this thesis can also be applied to other integrated 
stamping dies. 

Since the moving part of the die in simulation follows the z-axis, the 
loads applied on the dies can be considered to be perfect. But one may 
consider taking into account that in reality there is no such thing as perfect 
load. 

Since the objective of the project is to optimize the design of the die, a 
cost reduction can also be achieved, which ultimately may lead to increasing 
profits. However, this kind of economic study is not performed. 

 

2.6 Disposition 

The thesis report starts with a brief introduction of the stamping dies, 
problem description, related work and studied system in chapter 1 to 4. An 
overview of the method followed for carrying out the thesis is presented in 
chapter 5. Chapter 6 to 9 presents the FEA, Optimisation and re-design of the 
die. Finally, chapter 10 presents the discussion & conclusion drawn from the 
work. It also presents a validation and possible future work in this area. 
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 Related Work 

R.A. Lingbeek has published a thesis [4] which contains information 
about computer-aided design tools and FE simulations for the deep drawing 
processes. He developed various algorithms to carry out compensation for 
two phenomena that cause problem in the product quality, ‘deformation of 
the press and forming tools during forming’ and ‘the springback of the 
product after release of the tools’. However he has mostly focused on 
engineering tools, algorithms and less on the functional analysis. 

An alternative method for manufacturing stamping dies, which takes the 
structural response of the tool into account to produce a lightweight design 
is formulated in report [5] . This report gives a very good insight of topology 
optimization simulation in Optistruct. The report performs topology 
optimization with the objective to improve the structural stiffness and reduce 
the weight of the die, whereas this thesis aims to reduce the stress levels and 
increase the structural stiffness of the die by optimization simulations. 

Volvo Cars Standards [1] states the VCBC rules for the design of 
castings made of grey cast iron and nodular iron. This report presents a brief 
overview of basic principles of castings and important rules to keep in mind 
while designing dies used at Volvo. This thesis work develops and fulfils the 
Volvo Cars standards presented in [1]. 

 

 

 

 

 

 

 

 

  



 17 

 Studied System 

The function of a stamping die is to form metal sheets into the required 
shape. During operation, the stamping die is mounted in a mechanical press. 
An integrated stamping die in a double action press is mounted in a way such 
that the blankholder is attached to the outer ram in the press. The studied die 
is used in a mechanical press (See Figure 2.2). The workload may vary from 
1500 - 2500 kN. The limit of the overload relief valve is 8000 kN for the 
studied die. The studied stamping die is shown in Figure 4.1. 

 

 
Figure 4.1. The Studied Stamping Die. 
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4.1 Material Data and Material Model 

The die is manufactured using die casting and made up of nodular iron 
(EN-JS 2070). All surfaces of the stamping die that doesn’t form the sheet 
can be approximated to be rough. The blankholder plate is made of steel. The 
properties of the nodular iron and steel are shown in Table 4.1 [6]. 

 

Table 4.1. Properties of Nodular Iron and Steel [6]. 

 

Property 
Value in SI Units 

Nodular 
Iron Steel 

Density [Kg/mm3] 7.2e-6 8.05e-6 

Modulus of Elasticity [GPa] 176 200 

Poisson’s Ratio 0.275 0.265 

Yield strength [MPa] 390 250 

Shear strength [MPa] 630 375 

Ultimate Tensile Strength [MPa] 650 500 

Compressive strength [MPa] 1000 310 

Fracture toughness [MPa. ] 30 278 

Fatigue Strength (notched) [MPa]  168 - 

Fatigue Strength (unnotched) [MPa] 280 270 
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 Method overview 
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The method followed in the current project can be represented through 
a flow chart as shown in Figure 5.1. 

The method tree starts with virtual prototyping. The advantage with 
using theoretical modelling and simulations to predict, describe and assess 
die characteristics is that, more design ideas and configurations can be 
investigated in less time. Also, a better fundamental understanding of the 
influence of various design parameters can be gained [3]. Since this thesis 
involves very large geometrical model, computational efficiency is of utmost 
importance. Thus both time and other resources can be saved. 

To be able to trust theoretical models and simulation procedures, 
experimental investigations are necessary [3]. The experimental 
investigation of the studied die can be easily conducted as the real die is 
available to visualize and investigate at VCBC. 

Considering all these factors, this particular method is followed as it is 
appropriate and reliable. The aim of this method is to intelligently coordinate 
theoretical modelling, simulation, experimental investigation and 
optimization [3].  

By following this method for the present work, the knowledge obtained 
can be re-used in future development projects, which would promote the 
overall efficiency of the product development at VCBC. 

Usage of any other alternative method that doesn’t involve a coordinated 
approach might result in loss of time and the full potential of chosen solution 
may not be utilised. 
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 Finite Element Analysis 

The CAD model of the die has already been created and provided by 
VCBC. As the geometry of the model is very large and complex, symmetry 
is considered for the Finite Element analysis of the model. The model is 
simplified further by removing various small components like screws, rivets, 
attachments, etc. which are not required for FEA of the model. Using Catia, 
the CAD model is symmetrically divided into half and simplified. The 
simplified CAD model is then exported to Hypermesh to proceed with the 
FEA. 

 

6.1 Model Description 

The exported CAD model to Hypermesh consists of ram, blankholder 
and the matrix. Since symmetry has been considered, only half of the ram 
and blankholder can be seen in the FE-model as shown in Figure 6.1. To 
simplify the model, only a small part of the Matrix is being considered as its 
only purpose is to act as a contact to the blankholder. 

 

 
Figure 6.1. The FE-model in Hypermesh. 
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Figure 6.1 shows the representation of the FE-model in Hypermesh. To 
bring the analysis closer to reality, a small gap is maintained between the 
blankholder and the matrix. During simulation, this gap is closed and thereby 
recreating the stamping process. 

Due to rigid body motions, the contact between interacting parts is not 
constant. Therefore, a dynamic quasi-static process is performed. The 
increments are small in the start to facilitate convergence of contacts. 
However, the total step time is set to be long enough so that the entire model 
can converge. 

   

6.2 Meshing of the model 

The meshing of the die is done very carefully to obtain task oriented 
stress distribution as a result. In the current project, certain areas are deemed 
to be more important than the remaining areas as the accuracy of the results 
in these areas will have a notable impact on the final result. Generally, high 
stresses are expected to be present at areas around sharp corners. Hence, by 
studying the stamping die carefully, few probable high stress areas have been 
identified and defined as critical areas. 

The main motive is to obtain a very fine mesh in the critical areas 
compared to the other regions of the die. Though this increases the 
computational time of meshing and solving the model, the increased 
accuracy in the critical areas will help derive more reliable conclusions. 
Therefore, a surface mesh of element size 10 is initially created in the critical 
areas. Then, a second order 3D tetramesh is created on the entire die with 3D 
tetra elements. The ‘match existing mesh’ feature enables the software to 
adapt to the already existing surface mesh in the critical areas. Figure 6.2 
shows the tetramesh controls of Hypermesh. The meshed FE-Model is shown 
in Figure 6.3. 

 

 
Figure 6.2. The tetramesh controls in Hypermesh. 
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Figure 6.3. Mesh on the FE model. 

 

6.3 Material Data 

The blankholder and the matrix are made up of nodular iron. The 
properties of nodular iron are as follows: 

                          Density                       

                          Young's Modulus        

                          Poisson’s Ratio           
 

The ram of the die is made up of steel. The properties of steel are as 
follows: 

       Density                       

                         Young's Modulus        

                         Poisson’s Ratio           
 

The material is created and the properties are specified in Hypermesh. 
Then each material assigned to its respective part. As Hypermesh uses user-
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defined units, in the current project SI convention of units is used for all the 
properties defined for the die. See Table 4.1. 

 

6.4 Problem Setup  

6.4.1 Defining the Boundary Conditions 

The Matrix is constrained in displacement and rotation in all the 
directions of the global coordinates whereas the ram and the blankholder are 
allowed to translate in the z-direction. A constraint in the x-direction is also 
applied on the rigid bolt (See Figure 6.4) between the ram and the 
blankholder so that the rigid bolts holding the ram and blankholder together 
do not translate in the x-direction. As symmetry is considered, a y-symmetry 
constraint is also applied in the plane where the die has been cut into half.  

A load must be applied on the ram such that the blankholder clamps the 
sheet against the lower die. To make sure that the load on the ram is 
distributed throughout the die, a reference node is created at a small distance 
in z-direction from one of the corners of the ram. This reference node is 
locked in all directions except z-direction and all the elements on the top 
surface of the ram are attached to this reference node. Then, the load to be 
applied on ram can be applied on the reference node which distributes the 
load uniformly on the ram. Figure 6.4 shows the reference nodes and the 
elements on the surface of the ram attached to this reference node.  

 

           
Figure 6.4. Loading on the stamping die. 

 

Another constraint which has been created is the rigid bolts to fix the 
ram with the blankholder which can be seen in Figure 6.5. These bolts are 
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created using the ‘rigids’ option in the 1 D module. These rigid bolts are 
created at the allowances which are present on both ram and blankholder. 
Four rigid bolts are created for the symmetrical FE-model. These rigid bolts 
are a replacement to the attachments present in the original die in order to 
hold the ram and blankholder together. 

 

 
Figure 6.5. Rigid bolts between the ram and the blankholder. 

 

6.4.2 Creating the Loads and Load Steps 

Three different magnitudes of load can be considered for the die in the 
current project. Usually in the press line, a load ranging from 1500 kN to 
2500 kN should be used during the operation of the die. In the case of an 
overload due to an extreme situation, the outer ram of the press has an 
overload relief valve which prevents the die from damage. The limit of this 
overload relief valve is 8000 kN and after this valve has opened, the load on 
this die is zero. The maximum force on the die is therefore 8000 kN. As 
symmetry is considered, these loads are divided by two and applied to the 
FE-model. The three different loads which are considered respectively for 
the stress distribution of half the die are, 

 

  

 

 
 

Rigid 
Bolts 
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Figure 6.6. Creating the loads in Hypermesh. 

 

Figure 6.6 shows the load controls in Hypermesh. After the load has 
been defined, it must be integrated into the dynamic analysis process by 
creating a load step. In the load columns option, the load which has been 
created using the load collector is selected. Under the step parameters, the 
maximum number of increments is set to 3000. Due to the rigid body motions 
before contact is established, the ‘NLGEOM’ option is turned on. This option 
will include the non-linearity and rigid body motions of the bodies. Under 
the analysis procedure, dynamic analysis is selected along with the quasi-
static process as the application. The total time period of the analysis is given 
as 5 sec with an initial increment of 0.01 sec and a minimum increment of 

sec. A control card is added to stabilise the contact controls (see 
Section 6.4.3). Two more load steps with the same parameters are added to 
increase the time so that the contact occurs and the model has converged. 

 

6.4.3 Contacts and Control Cards   

In the integrated stamping die, there is interaction between the ram, 
blankholder and the matrix. The contact between all the three parts must be 
pre-defined so that the Abaqus solver can define the interactions during the 
analysis. These interactions are defined using the control cards in 
Hypermesh, 

Under control cards, unsupported cards are selected and the interactions 
are defined by writing a control card for general contacts in Abaqus in a 
specific format readable by the Hypermesh. The friction coefficient is 
assumed to be 0.15. Figure 6.7 shows the created control card for defining 
contacts. 
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Figure 6.7. Control card for creating the contacts. 

 

 

6.4.4 Final Setup of FE-model   

 

 
Figure 6.8. FE-model with load and all the constraints. 



 28 

In Figure 6.8, the FE-model of the integrated stamping die with all the 
boundary conditions and the loads applied can be seen. The four triangles in 
the figure are the constraints which have been applied to the model and the 
arrow pointing in the negative z-direction is the load which has been applied 
on the die. 

 

6.5 Results of Finite Element Analysis 

In section 6.4, the analysis setup has been discussed in detail and the 
application of various constraints has also been discussed. After the  
FE-model has been set up in Hypermesh, the input file (.inp) is exported and 
used in the Abaqus solver to run the analysis and obtain the stress distribution 
in the die. Since it is a large geometry to solve, the solving process is 
performed in efficient solvers situated in Volvo Cars, Göteborg via remote 
servers. The result is obtained in the form of an output database file (.odb 
file). This file is loaded into Hyperview to post-process the results.  

For three different loads, three different stress distributions is obtained 
and the areas of high stresses in each of these distributions can be studied. 

 

6.5.1 Stress Distribution for Load 1 

Firstly, the stress distribution of the integrated die with a load of 750 kN 
acting on it is visualized.  

Figure 6.9 shows the stress distribution in the die for an applied load of 
750 kN. After careful observation of the stress distribution, it is noticed that 
the stress concentration is high in the areas which were defined as critical 
areas. The maximum tensile stress in the die for this load is 49.1 MPa which 
is located at one of the critical areas. Due to relatively high stresses compared 
to other places in the die, it is more probable that the initiation of cracks occur 
in this area. However, the die is not expected to fail for such a low load. 
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Figure 6.9. Von-Mises stress distribution for a load of 750 kN. 

 

Compressive stresses are not of concern for the current model because 
the compressive strength of nodular iron is very high. According to [6], the 
compressive stress of nodular iron is around 1000 MPa. Therefore, it is 
highly improbable that the initiation of cracks in the blankholder is due to 
compression. To gain a better understanding of the stress distribution in the 
die, other stress plots like signed von-Mises and first major principle stress 
are also studied. The signed von-Mises stress distribution showing tensile 
and compressive stresses in blankholder and the first major principle stress 
in x-direction can be seen in Appendix A, Figure A.1 and Figure A.2. 

To not make high stress concentrations near sharp corners and edges 
obvious and also build confidence on the correctness of the obtained results, 
a sub-model is created with fillets in the edges similar to the design of the 
original tool. The FE-model of this sub-model is setup in a similar way as 
detailed in section 6.4. This sub-model has finer mesh, with a lot more 
elements. This way we can attain more accurate results. To save the 
computational time, displacements from the original FE-model is applied to 
the FE-sub-model.  

Figure 6.10 represents the von-Mises stress distribution for a load of 750 
kN in the FE-sub-model. 
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Figure 6.10. Von-Mises stress distribution for a load of 750 kN in the  

sub-model. 

 

It can be observed that stress levels are high over a region and not just a 
point. The maximum stress in the sub-model is 61 MPa whereas the 
maximum stress in the FE-model is 49.1 MPa. Therefore, there is a difference 
of 11.9 MPa between the maximum stress in FE-sub-model and FE-model.  

 

6.5.2 Stress Distribution for Load 2   

Next, the stress distribution of the integrated die with a load of  
1250 kN acting on it is visualized.  

The stress distribution in the die for an applied load of 1250 kN can be 
seen in Figure 6.11. For this load too, the stress concentration is high in 
similar area as in the distribution for 750 kN. The maximum tensile stress in 
the die for this load is 76.6 MPa. This shows that there is an increase in the 
maximum stress level in this particular area with the increase in load applied. 
The signed von-Mises stress distribution showing tensile and compressive 
stresses in blankholder and the first major principle stress in  
x-direction can be seen in Appendix A, Figure A.3 and Figure A.4. 
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Figure 6.11. Von-Mises stress distribution for a load of 1250 kN. 

 

For reasons already detailed above a sub-model has been created. Figure 
6.12 represents the von-Mises stress distribution in sub-model for a load 
1250 kN. Similar observation that the stress levels are high over a region and 
not just at a point is observed. The maximum stress in this  
sub-model is 95 MPa. There is a difference if 18.4 MPa between the 
maximum stress in FE-sub-model and FE-model. 

 

 
Figure 6.12. Von-Mises stress distribution for a load of 1250 kN in the sub-

model. 



 32 

6.5.3 Stress Distribution for Load 3 

Next, the stress distribution of the integrated die with a load of  
4000 kN (overload limit) acting on it is visualized.  

 

 
Figure 6.13. Von-Mises stress distribution for a load of 4000 kN. 

 

The stress distribution in the die for an applied load of 4000 kN can be 
seen in Figure 6.13. For this load too, the stress concentration is high in same 
area as in the distribution for 750 kN and 1250 kN. The maximum tensile 
stress in the die for this load is 207.2 MPa. This value is very high compared 
to the maximum stresses obtained in the load cases 750 kN and 1250 kN. The 
signed von-Mises stress distribution showing tensile and compressive 
stresses in blankholder and the first principle major stress in  
x-direction can be seen in Appendix A Fig A.5 and Fig A.6. 

For reasons already detailed above a sub-model has been created. Figure 
6.14 below represents the von-Mises stress distribution for 4000 kN in sub-
model. Similar observation that stress levels are high over a region and not 
just at a point is observed. The maximum stress in this sub-model is  
256.7 MPa. There is a difference of 49.5 MPa between the maximum stress 
in FE-sub-model and FE-model.  
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Figure 6.14. Von-Mises stress distribution for a load of 4000 kN in 

submodel. 

 

From the FE-models and sub-models above, it can be seen that the 
maximum stress increased a little when the load changes from 750 kN to 
1250 kN and then increased drastically when the load changes to 4000 kN. 
It is also observed in all the FE-models and FE-submodels that the high stess 
concentration regions are similar in each load case. Therefore, there may 
have been an overload in that area which may have initiated the cracks. The 
location of the high stress concentrations in the FE-model is also almost 
identical to the location of the cracks in the real die. The reason for the 
initiation for cracks can be justified by plotting these maximum stresses in a 
Haigh Diagram. See section 6.6. 

 

6.5.4 Die with the Blankholder Plate 

In this section, the stress distribution of the die with the blankholder plate 
replaced is visualised. 

When the integrated blankholder fractured during its use, the die was 
repaired at the places where cracks had formed by reinforcing the 
blankholder with long screws drilled through the blankholder. As this 
couldn’t stop the blankholder from breaking, a blankholder plate has been 
placed over the integrated blankholder to prevent any future damage. The 
analysis setup of the die with the blankholder plate is similar to the analysis 
setup of the integrated die, which is discussed in the sections 6.1 to 6.4 
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earlier. Hence the model is setup and solved in a similar way to that of the 
integrated die. 

 

 
Figure 6.15. Von-Mises stress distribution for die with blankholder plate 

for a load of 4000 kN. 

 

Figure 6.15 represents the stress distribution in the die with the 
blankholder plate for an applied load of 4000 kN. The maximum tensile 
stress in the die for this load is 41.4 MPa. 

Comparing this result (Figure 6.14) with the result of the integrated die 
(See Figure 6.13) it is observed that for the same load, the stress levels in the 
critical areas has decreased a lot due to the use of a blankholder plate. 
Therefore, the objective while re-designing the integrated die will be to 
obtain a model with stress levels similar to the stress levels in the die with 
the blankholder plate. 
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6.6 Analytical Calculations 

This section details the analytical calculations made to understand and 
justify the cause of the failure of the integrated die. According to [7], the 
maximum stress that can be applied on a body without causing any fatigue 
failure is called the fatigue limit. For the studied die, three different values 
of loads have been considered to act on the die. Table 6.1 shows the loads 
acting on the die and their respective maximum first major principle stresses. 
This P1 Major stress is considered so that it is comparable with the analytical 
calculations. 

Table 6.1. Maximum stresses for respective loads. 

.  

LOAD P1 Major (Maximum Stress) 

1500 kN without plate 49.1 MPa 

2500 kN without plate 76.6 MPa 

8000 kN without plate 207.2 MPa 

8000 kN with plate 41.4 MPa 

 

It is important to check whether the die is safe under the above load 
values as these loads probably are the source of the crack initiation. The 
maximum stresses generated by these loads if greater than the fatigue limit 
of nodular iron (which is the material of the integrated blankholder), can lead 
to formation of cracks in the integrated blankholder. Therefore, the fatigue 
limit of the die must be analytically calculated and checked whether it is more 
or less than the maximum stresses generated by the above loads.  

This can be easily verified by plotting a Haigh diagram. According to 
[7] a Haigh diagram is a plot between mean stress and alternating stress that 
gives the fatigue limit as a function of the mean stress value. In a Haigh 
diagram, if the maximum stress value is below the region of corrected fatigue 
limit, then the die is said to be safe. If not, the die is unsafe and can be 
subjected to crack formation. 

The load acting on the studied die is pulsating load. To calculate the 
pulsating fatigue limit of the blankholder, the fatigue limit of the material of 
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which the die is made must be estimated and then multiplied with the 
correction factors.  

The VCBC material data [6] gives the bending fatigue limit of nodular 
iron (unnotched) to be, 

 
 

Where,  is the bending fatigue limit of the material.  
In accordance with [7], the pulsating fatigue limit can be derived as 

follows, 

 

                                                                                     (6.1) 

                                                                                    (6.2) 

Therefore, 

                                                                         (6.3) 
Where,  

 Fatigue limit of the material 

 Pulsating fatigue limit of the material 
 

Substituting the values in the equation 6.3 yields, 

                                                 (6.4) 
 

This paragraph summarizes some important points related to reduction 
factors from [7]. The reduction factors are constants which correct the fatigue 
limit of the material such that the real conditions of the studied die are 
included. There is also an influence of the material volume on the fatigue 
limit. There are predominantly three reduction factors, κ (kappa) or the 
surface finish factor, λ (lambda) or the material volume factor and  (delta) 
or the loaded volume factor. It is observed that there is a large influence of 
surface finish and the environment on the fatigue limit. It is also seen that the 
influence of material volume on the fatigue limit of the material is 
considerable. The fatigue properties of a large volume of material are not as 
good as for a small volume (test specimen on which the fatigue tests are 
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conducted) and hence the factor λ accounts for this difference. Usually the 
fatigue limit of the larger volume is much lower than the fatigue limits 
obtained from tests specimen of the same material in a laboratory. The factor 

 deals with the material volumes exposed to stress gradients. It also takes 
into account that in a larger volume of stressed material there is a larger 
probability of finding a defect, for example, an inclusion, from which a 
fatigue crack may start to grow [7]. Therefore, all these reduction factors 
must be multiplied with the fatigue limit to include the reality conditions.  

According to [6] the reduction factors for nodular iron can be obtained based 
on the properties of the studied die as, 

κ = 0.7                                                                                                      (6.5) 

λ = 0.8                                                                                                      (6.6) 

 = 0.92                                                                                                    (6.7) 
 

Using these factors the corrected fatigue limit according to [7] can be 
calculated as, 

 

                                                                              (6.8) 

                                         (6.9) 
 

And the corrected pulsating fatigue limit can be calculated as, 

                                                                        (6.10) 

                                    (6.11) 
 

Where,  

   Corrected Fatigue limit of the material 

 Corrected Pulsating fatigue limit of the material 
 

As the values of the corrected fatigue limit and the corrected pulsating 
fatigue limit have been obtained the Haigh diagram for the studied die can 
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be plotted. For more details about the Haigh diagram, the interested reader 
can see [7]. 

Figure 6.15 shows the Haigh diagram plotted for all the loading 
conditions. Using the material data from [6] and fatigue limits obtained 
above, the yield strength, the corrected fatigue limit and the reduced 
corrected fatigue limit (safety region) for nodular iron have been plotted.  

The mean and amplitude stress values, point P (  for each load 
case are also plotted in the diagram along with the limits. These can be 
obtained as, 

 

                                                                    (6.12) 

                                                                     (6.13) 
Where,  

  Mean Stress 

  Amplitude Stress 
 

The region under the reduced fatigue limit in Figure 6.15 represents the 
safe region for nodular iron. If the point P (  falls below this region of 
reduced fatigue limit, then there will not be any crack initiation in the die 
under normal production conditions and if it falls outside this region there is 
a possibility of a crack initiation. Also according to [7], if the stress levels in 
the material lies below the fatigue limit, then the material is expected to 
sustain infinite number of loading cycles. 

By observing the Haigh Diagram carefully, it can be noted that the point 
P  (   for the load cases 1500 kN and 2500 kN without plate and also 
8000 kN with plate fall under the safety region. But for the load case of 8000 
kN without plate, point P (   falls outside the safety region, suggesting 
that the die is not safe for this loading condition. It can be assumed that the 
value of load which was applied on the real die is close to this load case. 
However, there is also an unknown possibility of even higher loads. Hence, 
it is not clear what load broke the tool. But, it has been found out that the die 
must have been severely loaded sometimes and then cracked or there has 
been a severe reduction of the safe area in the Haigh diagram due to improper 
casting of the die which lead to crack initiation. 
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Figure 6.16. Haigh Diagram plotted for all the load cases. 

 

Therefore, it is safe to consider that the preliminary cause for the 
formation of the cracks in the integrated stamping die is due to the 
overloading of the die. As the cause for the crack initiation in the die has 
been established, next the integrated blankholder is re-designed using the 
various techniques of optimization in Optistruct. 
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 Optimization 

According to [8], a model can be defined as a representation of a system 
which enhances the ability of the operator to study and control the system. 
Optimization is a technique which uses a mathematical model specific to the 
problem to obtain the most feasible solution under a set of constraints 
controlling the problem [8]. 

In the current project, the structure of the die is to be optimised to 
decrease the stresses in the critical areas. Re-designing any structure is an 
iterative process in which a structure is subjected to many tests and 
requirements. This iterative process can be represented as an optimization 
problem where the structure that passes all the tests and requirements is a 
feasible design according to [8]. 

 

7.1  Generalised iterative scheme of an optimization 
problem 

This section gives an overview of an optimization problem in 
accordance with [5] and [8]. A basic optimization problem can be formulated 
with four main components, design variables, objective, constraints and 
parameters [8]. A structure is subjected to optimization to obtain a feasible 
design. This design which should satisfy all the constraints must be clearly 
defined before proceeding with the problem as this forms the objective of the 
problem. The objective of the problem depends on the so-called design 
variables. These design variables define the entire structure and the structure 
can be changed by changing the design variables. But the freedom to change 
the design variables is restricted by a set of requirements or constraints. The 
iterative process takes place such that the structure which is within the set 
constraints is only considered. When defining a structure, along with design 
variables, a few pre-defined parameters are also used. These parameters 
cannot bring any changes to the design of the structure but can help in 
successfully completing the objective. By using these four main components, 
a structural optimization problem can be successfully defined. 
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An example of a basic optimization problem according to [5] is as follows : 

For the minimization of objective f, which is a function of design 
variable y, that is f(y), 

Objective –            where   y =   

Constraints -             and       

                        

The solution for this problem is the model  satisfying all the constraints 
and at the same time, 

 For all y. 
As detailed in [8], after an optimization problem is formulated, an 

optimization algorithm may be applied to solve it. The optimization 
algorithm guides the search of the optimal solution through the design space 
by iteratively suggesting design variable values that improve the objective. 
There is however no universal optimization algorithm. Numerous different 
algorithms exist, ranging from more general purpose algorithms to problem-
specific ones. The strategy used to move from one iteration to the next 
distinguishes one algorithm from another. 

Figure 7.1 illustrates the iterative scheme which is followed to solve an 
optimization problem. 

 
Figure 7.1. Iterative Scheme for an optimization problem [8]. 

Optima? Guess a new set 
of variables Evaluate Fitness

Stop 
Iteration Start values 

No 

Yes 
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7.2 Optimization Disciplines in Optistruct 

Optistruct, a standalone solver with optimization capabilities, is used in 
the current project to carry out the optimization of the integrated blankholder. 
According to [9], Optistruct is a gradient approach optimization platform in 
the Hyperworks software. It can utilise any analysis type used during the 
simulation to give an optimized design.  In this section, the two important 
disciplines of Optistruct are discussed and the various optimization 
techniques under these disciplines are also explained.  

 

 
 

Figure 7.2. Work flow followed in Optimization of the  
integrated blankholder. 

Import CAD model to 
Optistruct

Perform concept level 
design optimization

Suggest initial re-design in 
Catia

Import again to Optistruct to 
perform design fine tuning 

optimization

Create final re-design in 
Catia

Perform FE-simulations on 
new design and compare 

with original model
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The working principle of Optistruct is that it iterates a solution based on 
the responses from the existing model or load case. The general workflow 
followed for the optimization of the integrated blankholder is shown in 
Figure 7.2. The Optistruct module is used in the design process by following 
two important disciplines, first concept level design optimization and then 
design fine-tuning optimization. 

 

7.2.1 Concept Level Design Optimization 

In the design process utilising Optistruct, concept level design 
optimization is used to optimise the concept level of the design process to 
arrive at a conceptual design proposal. The optimization techniques in 
Optistruct which come under this category in accordance with [10] are 
detailed below: 

 

Topology Optimization 
In a given design space, topology optimization can be used to optimise 

the material distribution of the structure in the entire model for a given set of 
loads and boundary conditions.  

 

Topography Optimization 
Topography optimization is a form of shape optimization in which 

patterns of shape variable-based reinforcements are generated for a design 
region. 

 

Free-size Optimization 
In a given design space, free-size optimization produces an optimized 

thickness distribution per element for a 2D structure for a given set of loads 
and boundary conditions.  

 

7.2.2 Design Fine Tuning Optimization 

After the concept level design optimization is done in a design process 
in Optistruct, it is followed up by design fine tuning optimization. This 
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optimization is done because the design concepts developed are very often 
not manufacturable. Using design fine tuning optimization, the design 
concepts are fine-tuned for performance and manufacturability. The 
optimization techniques in Optistruct which come under this type of 
optimization according to [9] is detailed below: 

 

Shape Optimization 
For a given structure and a number of user-defined shapes, shape 

optimization finds the optimum fractional summation of those shapes that 
meets the constraints and objective. 

 

Size Optimization 
For a given structure, size optimization finds the optimum component 

thickness that meets the constraints and objective. 

 

Free Shape Optimization 
For a given structure with features on its boundaries, free shape 

optimization modifies the boundary nodes to find a more optimal structure 
that meets the constraints and objectives. 

 

From section 7.2.1 and 7.2.2, it can be understood that a given structure 
or model is initially subjected to concept level design optimization in 
Optistruct and then it is made more manufacturable and efficient by design 
fine tuning optimization.  

In the current project, as the die considered is complex and the objective 
is to obtain a feasible design with reduced stress levels and desirably 
minimum material, topology optimization is used to optimize the die. This 
optimized die can be made even more efficient and manufacturable by using 
free shape optimization in the critical areas. 

Using the results from the topology optimisation and free shape 
optimisation, a re-design of the die is created in the CAD software (Catia) 
and this re-design is subjected to another FE-analysis to compare with the 
original integrated stamping die.  
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7.3 Topology Optimization 

The results from the simulations in Chapter 6 show that the integrated 
blankholder is subjected to high stresses at certain areas which lead to the 
initiation of cracks. But for the same load, the blankholder with plate 
exhibited stable results and stresses. Therefore, with the help of topology and 
free-shape optimization, the integrated blankholder must be re-designed such 
that the high stresses are decreased to a value which is below the fatigue limit 
obtained through the Haigh Diagram. 

 

7.3.1 Model Description 

 

 
Figure 7.3. Quarter of the integrated blankholder. 

Figure 7.3 shows quarter part of the integrated blankholder. To decrease 
the computational time and complexity, the blankholder is considered to be 
almost quarterly symmetrical. As discussed in the above sections, topology 
optimization optimizes the material distribution in the given structure. From 
the simulations in Chapter 6, it has been discovered that high stresses act 
along the wall which connects all the big cells on the surface of the 
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blankholder, especially in the corner. Therefore, to find out the optimal 
material distribution, the big empty cells present on the top surface of the 
blankholder and the empty space at the backside of the blankholder needs to 
be filled as it is easier to remove material rather than adding it during re-
designing. 

 

 
Figure 7.4. Quarter of the filled-integrated blankholder. 

 

Figure 7.4 shows the integrated blankholder with the empty spaces filled 
in Catia. This filled model is imported into Hypermesh for the topology 
optimization. As solving models with contacts in Optistruct is time 
consuming, the ram and the lower die are not considered for the simulation, 
but the boundary conditions are created such that the presence of a virtual 
ram and lower die can be established for the simulation. A linear static 
analysis is performed on the blankholder using Optistruct as the solver. The 
load is applied on the area which presses the metal sheet during the stamping 
operation.  
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7.3.2 Meshing of the model 

In general, optimization problems require meshes which take less 
computational time but give acceptable accuracy. If a second-order tetramesh 
with an element size of 35 is used here, as used for Abaqus simulations in 
previous chapters, it gives an accurate mesh for the model but takes lot of 
computational time during simulations. Therefore, shrink wrap option in 
Hypermesh is used to mesh the current model. This option gives us a first 
order mesh which is less complex than the tetramesh and has acceptable 
accuracy for optimization.  

The type of shrink wrap mesh used for the current model is tight wrap 
mesh and the ‘generate solid mesh’ feature is selected. By selecting this 
feature, the entire model is meshed with 3D hexa elements. An element size 
of 15 is selected for meshing the model. Figure 7.5 shows the shrink wrap 
controls set in Hypermesh. 

 

 
Figure 7.5. Shrink wrap controls in Hypermesh. 

 

 
Figure 7.6. FE-model after meshing. 
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Figure 7.6 shows the model after it has been meshed with an element 
size of 15. As seen in this figure, the model is divided into three components 
that are two-design spaces and one non-design space. Design spaces are 
regions which are subjected to the topology optimization in the entire model. 
Two different design spaces are created to facilitate the different ‘draw 
directions’ (See Section 7.3.5) for each design space. The area with brown 
colour elements (DS1 in Figure 7.6) is the one which had big empty cells in 
the original integrated blankholder model and is now defined as first design 
space (DS1). The area with the blue elements represented the backside of the 
blankholder in the old blankholder model and is now defined as the second 
design space (DS2).  The remaining area is the non-design space in the 
model. 

 

7.3.3 Problem Setup 

Defining the boundary conditions 
As only the quarterly symmetrical part of the blankholder is considered 

for the simulation, the x and y- symmetry constraints are applied to the 
model. A group of elements are selected on the top surface of the model and 
locked in the z-direction. This is done to facilitate the virtual presence of a 
ram on the blankholder in the simulation. 

 

Defining the loads and load steps 
As the matrix is not included in the present simulation to save 

computational time, there cannot be a contact between the integrated 
blankholder and the matrix like in FE-simulation. Hence, the load is applied 
differently in the current analysis compared to the simulations done in 
Chapter 6. The pressure is calculated and applied directly on the area which 
presses the metal sheet during the stamping operation. Using the ‘Area 
Calculator’ in Hypermesh, the required area can be calculated. Three 
different load cases have been considered for the FE- simulations in Chapter 
6, but the load case which displayed the probable signs of crack initiation 
was 8000 kN. As the model is quarter symmetrical, the load considered for 
the current model is one-fourth of 8000 kN, that is 2000 kN.  
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‘A’ is the area of the blankholder which presses the metal sheet during 
the stamping operation and ‘F’ is the load for quarter part of the entire model. 
From Equation (7.3), the pressure has been calculated as  
9.41 MPa.  

The Figure 7.7 shows the pressure controls which apply pressure on the 
aforementioned area. 

 

 
Figure 7.7. Pressure controls in Hypermesh. 

 

After the pressure is created, it must now be integrated into the linear 
static analysis using a load step. Under the load step, the analysis type is 
selected as linear static. The pressure is added to the load column and all the 
constraints are added to the Single point Constraints (SPC) column. This is a 
standard way to include various constraints under one column in optistruct.  
After that the load step is also created and the model is ready for the analysis.  
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7.3.4 Final Setup of FE-model for topology optimization   

 

 
Figure 7.8. Final setup for topology optimization. 

Figure 7.8 shows the final setup of the FE-model. The blue indicators 
represent x-symmetry while the pink indicators represent y-symmetry. The 
arrows below the model represent the pressure applied and the few red 
elements on the top surface of the integrated blankholder represent the ram. 

 

7.3.5  Defining the optimization components 

When solving an optimization problem in Optistruct, the design 
variables, the constraints, the objective and the responses must be defined. 
These four components form the basis of any optimization problem in 
Optistruct. Figure 7.9 shows the optimization module in Optistruct. 

 

 
Figure 7.9. The optimization controls in Optistruct. 
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Defining the design variables, parameters and draw direction 
The design variables define the entire structure and the structure can be 

changed by changing the design variables. As discussed in the previous 
sections, the current model has two design spaces. Therefore, two design 
variables are defined, each representing one design space. Since the current 
problem is a topology optimization problem, the design variables can be 
created by selecting the topology option in optimization module. After 
defining the design variables, the parameters and the draw direction for each 
design space is to be defined. 

 

 
Figure 7.10. Defining the parameters for design variable 1 in topology 

optimization. 

Figure 7.10 shows the parameter controls in the topology optimization. 
According to the Volvo Cars Standards [1], the thickness of a wall in a 
blankholder must not be below 40 mm and should not exceed 100 mm. These 
constraints are formed keeping in mind the casting feasibility of the 
blankholder. Also, the gap between any two walls must not be below 100 
mm. As topology optimization depends on material distribution, specifying 
these parameters will help obtain a feasible re-design in which the material 
is distributed according to the Volvo Cars Standards [1].  A stress constraint 
of 100 MPa is given so that the maximum stress in the design space doesn’t 
exceed this value. The same parameters are defined for both the design 
variables except for the draw direction. 

In the current optimization problem, different draw directions are given 
for each design space in the model. The draw direction is the direction in 
which the material is removed from the model by the software. The draw 
direction for the first design space is in the positive z-direction and for the 
second design space in the negative z-direction. This is in accordance with 
the casting feasibility of the integrated blankholder. Figure 7.11 shows the 
draw directions for both the design spaces. 
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Figure 7.11. The draw directions for design space 1 and design space 2. 

 

Defining the optimization responses and controls 
To set up the constraints and objective for the given model, first the 

responses must be created in Optistruct. It is known that to decrease the 
maximum stress in the blankholder, the stiffness must be increased. 
Therefore, one of the responses selected for the optimization is compliance. 
It can be stated that, 

 

 

Therefore, as compliance decreases, the stiffness will increase 
accordingly.  

After compliance is created, another response which has been created is 
volumefrac. This is the fraction of volume that can be utilized for the 
optimization simulation.  

 

 



 53 

 
(a) 

 
(b) 

Figure 7.12. Creating the responses, (a) Compliance, (b) Volumefrac. 

 

Figure 7.12 (a) and (b) show the setup of responses in Optistruct. After 
the responses are created, the optimization control option is used to change 
the number of iterations. For the current problem, the number of optimization 
iterations has been increased from 30 to 100. This increase is to facilitate the 
full convergence of the optimization solution. 

 

Defining the optimization constraint 
A feasible design should always satisfy all the constraints before the 

objective function can be fulfilled. As discussed in the previous sections, 
responses are created so that the constraints and objective can be defined for 
the simulation. In the current problem, volumefrac is selected as a constraint. 
The constraints can be created in Optistruct by selecting the ‘dconstraints’ 
options and selecting the required response. 
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Figure 7.13. Creating the volumefrac constraint. 

 

Figure 7.13 shows the ‘dconstraints’ controls and the creation of 
volumefrac constraint. The upper bound of the constraint is selected and a 
value of 0.6 is given. This means that the software is forced to use 60% 
volume of the two design spaces for the topology optimization. A constraint 
on the stress level in the design space is already mentioned while defining 
the design variable earlier. 

 

Defining the objective function  
The final step of the topology optimization is to create the objective 

function. As discussed above, the stiffness of the model can be increased by 
decreasing the compliance. Therefore, minimization of compliance is 
defined as the objective function for the current optimization problem. 

 

 
Figure 7.14. Creating the objective function. 

 

Figure 7.14 shows the controls to create the objective function. The 
objective function can be created by selecting the ‘objective’ option in the 
optimization module and selecting the response as compliance. The load step 
which has been created during the problem setup is added and the objective 
type is toggled to minimization. 
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As all the components for optimization have been defined, the model is 
completely ready for the simulations of topology optimization. The 
Optistruct module is selected and the .fem file which will be created during 
the simulation is saved at a certain location. Figure 7.15 shows the controls 
for running the Optistruct simulation. 

 

 
Figure 7.15. Controls for running the Optistruct simulation. 

 

7.3.6 Post-processing of the Topology Optimization result 

After the solution for the topology optimization simulations has 
converged, the results can be viewed by importing the results file (of file 
format ‘.h3d’ file) to Hyperview for post-processing. It is noted that the 
solution has converged in 22 iterations.  

Figure 7.16 (a) and (b) show the element densities obtained in the design 
spaces as a result of the topology optimization. The threshold value for 
element densities is set to 0.4. The places in the design spaces where the 
element densities are high must have more material compared to other places. 
The optimization results suggest that the thickness of the first wall in first 
design space must be increased. It must be thick enough to sustain the high 
stresses which is seen in the FE-simulations. According to the results, it is 
suggested to add two thinner walls after the first wall as high element density 
is seen in them. Empty cells must also be added at the places where no 
material is required in the model. 
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(a) 

 

 
(b) 

Figure 7.16. (a) and (b) showing element densities in design spaces after 
topology optimization. 
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The integrated blankholder is re-designed using Catia from this topology 
optimization result without diverting from Volvo Cars Standards [1]. 

 

7.3.7 Re-design of the blankholder after concept level design 
optimization 

After the initial topology optimization result is obtained, several other 
topology optimization runs have been carried out to give a better picture for 
the initial re-design. The results of these optimization runs can be seen in 
Appendix B (i). 

 

 
Figure 7.17. Initial re-design of the blankholder. 

 

Figure 7.17 shows the initial re-design of the blankholder. This 
blankholder design is subjected to FE analysis similar to the analysis done in 
Chapter 6. The results of this analysis which is attached in the Appendix B 
Figure B.5 shows that the stresses have decreased considerably. The stresses 
on a few walls are very small and are almost negligible. As it is desirable to 
have minimum material, these extra walls are removed and a new re-design 
is suggested. 
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Figure 7.18. Modified initial re-design of the blankholder. 

 

Figure 7.18 shows the modified initial re-design of the blankholder. This 
is the final re-design of the integrated blankholder proposed by using concept 
level design optimization. This design is again subjected to fine tuning design 
optimization to make it manufacturable. 

 

7.4 Free Shape Optimization 

After concept level design optimization, an initial re-design of the 
blankholder is suggested. This initial re-design is subjected to fine-tuning 
using shape optimization for improving the manufacturability and 
performance of the blankholder. Similar to the topology optimization, free-
shape optimization is also done using Optistruct as the solver.  

 

7.4.1 Model Description 

The re-designed CAD model is imported into Hypermesh. To decrease 
the computational time and complexity, the blankholder is considered to be 
almost quarterly symmetrical. Therefore, only a quarter of the blankholder is 
considered for the simulations. The boundary conditions are created such that 
the presence of a ram can be established for the simulation. 
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A linear static analysis is performed on the blankholder using Optistruct 
as the solver. The load is applied in the form of pressure in the area which 
presses the metal sheet during the stamping operation. Most of the model 
setup is similar to the procedure followed for topology optimization. 

 

7.4.2 Meshing of the blankholder 

Meshing in free-shape optimization simulations is done similar as in 
topology optimization simulations. For more information, see Section 7.3.2. 
Figure 7.19 represents the shrink wrap controls used for free-shape 
optimization. 

 

 
Figure 7.19. Shrink wrap controls in Hypermesh. 

 

Figure 7.20 shows the model after it has been meshed with an element 
size of 15. It can be seen in this figure that the model is divided into two 
components. The blue area in the figure is the design space in which the free-
shape optimization is carried out and the remaining green area is the non-
design space. This area is selected as the design space because the stresses in 
this area were noted to be high from the results of the previous simulations 
seen in Chapter 6. Therefore, fine-tuning this area will give us a more 
efficient and manufacturable model of the blankholder. 
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Figure 7.20. Mesh on the FE-model. 

 

 

 
Figure 7.21. Final setup of FE-model for free-shape optimization. 
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7.4.3 Problem Setup 

Figure 7.21 represents the final setup of the FE-model. The boundary 
conditions, the pressure and the load steps are applied exactly in the same 
way as in topology optimization. For more information, see Section 7.3.3. 

 

7.4.4 Defining the optimization components 

Like any other optimization problem, the design variables, the 
constraints, the objective function and the responses must be defined to run 
the simulations of free-shape optimization. 

 

Defining the design variables and parameters 
The current model has one design space. Therefore, only one design 

variable has been created. Since the current problem is a free-shape 
optimization problem, the design variables can be created by selecting the 
free-shape option in optimization module. After defining the design variables 
the parameters for each design variable is defined. 

 

 
Figure 7.22. Parameter control of free-shape optimization. 

 

Figure 7.22 shows the parameter controls in the free-shape optimization. 
The direction of increase or decrease in the boundaries is set to be 
unconstrained and the smoothing method is set as ‘optimized for speed’. The 
max growth in the boundaries is constrained to 50 mm. 

 

Defining the optimization responses 
As decreasing the maximum stress in the blankholder is the main 

criteria, static stress is selected as the response. 
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Figure 7.23 shows the response controls and the creation of static stress 
response. This response is created by selecting static stress as the response 
type and by selecting the area where the maximum stress must be minimized, 
that is, the design space. 

 

 
Figure 7.23. Creating the static stress response. 

 

Defining the objective reference and the objective function  
To minimize the maximum stress in the die, an objective reference must 

be created before creating the objective function. 

Figure 7.24 shows the objective reference controls in Optistruct. For the 
current problem, the objective reference is created by selecting the static 
stress response which already created and by setting the positive reference to 
1. 

 

 
Figure 7.24. Creating the objective reference. 

 

The objective function is created by setting the optimization type to 
‘minmax’ and selecting the objective reference which was created before. 
Figure 7.25 shows the creation of objective function for the current 
optimization problem. As all the components of optimization have been 
defined, the model is completely ready for the simulations of free-shape 
optimization. 
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Figure 7.25. Creating the objective function for free-shape optimization. 

 

  
(a) 

 

 
(b) 

Figure 7.26. (a) Before free-shape optimization and (b) after free-shape 
optimization. 
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7.4.5 Post-processing of the Free-Shape optimization result 

After the solution for the free-shape optimization simulations has 
converged successfully, the results is viewed by importing the results file 
(.h3d file) to Hyperview for post-processing. It is noted that the solution has 
converged in 9 iterations. Figure 7.26 shows the comparison between the 
thickness of the wall at the corner before and after free-shape optimization.  

The corner of the wall is where the high stresses are seen in the FE-
simulations which lead to crack initiation. By observing the two figures 
carefully, it can be seen that the thickness of the wall has increased a little at 
the corner. It can also be noted that the radius of the corner has also increased 
considerably. Therefore, this increase in the thickness of the wall and the 
radius of the corner will increase the stiffness of the wall and thereby reduce 
the maximum stress at the corner. 

 

7.5 Final re-design of the optimized blankholder 

Using the results from free shape optimization, the final re-design of the 
die is created in Catia. Figure 7.27 (a), (b) shows the final re-design of the 
die. Comparing this re-design to the original model (Figure 7.2) of the 
integrated blankholder, it can be observed that the number of cells have been 
increased to 7 cells in the quarter of the blankholder compared to the 3 cells 
in previous model. Also, two extra walls have been added in the new re-
design, which helps distribute the stress more homogeneously.  

The design in the corner where high stresses were obtained in  
FE-simulations has changed to increase the radii in the corner of the re-
designed model. The results of topology optimization for a particular value 
of volumefrac as a constraint and a particular draw direction for each design 
space vary each rime the values and directions are changed. To verify that 
the considered topology optimization solution is stable, different values of 
the volumefrac with different draw directions and different design spaces are 
used. The results of these simulations can be seen in Appendix B (i). The 
solution obtained in each simulation is slightly different, but the overall 
structure is similar. Therefore, it can be concluded that the solution is stable. 
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(a) 

 
(b) 

Figure 7.27. (a), (b) show the Final re-design of the blankholder. 
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 Finite Element Analysis of the  
Re-designed Stamping Die 

The re-designed die is subjected to the FE- simulations so that the von-
Mises stress distribution in the die can be observed and the maximum stress 
in the die can be compared with maximum stress in the original integrated 
die. 

Figure 8.1 shows the CAD model of the re-designed die imported into 
Hypermesh.  

 

 
Figure 8.1. The FE-model of re-designed die in Hypermesh. 

 

The meshing and problem setup of the re-designed die is done similar to 
the simulations performed in Chapter 6. The critical areas are initially 
meshed with a surface mesh of element size 10 and then the entire model is 
meshed with 3D tetra elements of element size 35, see Section 6.2. The 
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material of the blankholder and lower die is considered to be nodular iron 
and the material of the ram is considered to be steel, refer Section 6.3. For 
the re-designed die, all boundary conditions are exactly similar to those in 
Section 6.4.1 and an extra boundary condition is also added. As the die is 
considered quarterly symmetrical, the x-symmetry is also given as a 
constraint for the re-designed die.  

In Chapter 6, simulations are done for three different load cases to 
identify the reason for the initiation of cracks. But as we have already 
established that cracks may have formed due to overloading of the die, the 
load case which shows unstable behaviour is considered, that is, 8000 kN. 
As the die is quarterly symmetrical, the load considered for this simulation 
is 2000 kN. This load is added into the load step which is again integrated 
into a dynamic quasi-static analysis (refer Section 6.4.2). The control cards 
to specify the contacts are also defined similarly as in Section 6.4.3. Figure 
8.2 shows the final setup of the re-designed die.  

 

 
Figure 8.2. Final setup of the FE-model. 
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8.1 Results of the Finite Element Analysis 

After the FE-model has been set up in Hypermesh, the input file (.inp) 
can be exported to Abaqus solver to run the analysis and obtain the stress 
distribution in the die. The result is obtained in the form of an output database 
file (.odb file). This file is loaded into Hyperview to post-process the results. 

 

 
Figure 8.3. Von-Mises stress distribution in re-designed die. 

 

Figure 8.3 represents the von-Mises stress distribution in the re-designed 
die. It can be seen that the stresses in the redesigned die have reduced and 
the maximum stress in the die is obtained as 60.7 MPa. This value is lower 
than the corrected fatigue limit of nodular iron which is 98.1 MPa, see 
Section 6.6. The maximum stresses in the critical areas of the blankholder 
have also reduced in the re-designed blankholder. The signed von-Mises 
stress distribution showing tensile and compressive stresses in blankholder 
and the first major principle stress can be seen in Appendix C Figure C.1 and 
Figure C.2.These results show that topology and free-shape optimization can 
be effectively utilized for re-designing the die. It is observed that there is 
large reduction in the maximum stress levels for a minimal increase in the 
volume. 
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Table 8.1. Comparison between original die and re-designed die. 

Quantity Original Die Re-designed 
Die 

Percentage 
change % 

Maximum Stress 207.2 MPa 60.7 MPa -70.7% 

Mass 12416 Kg 14964 Kg  +17% 

 

Table 8.1 represents the comparison between the re-designed die and the 
original die. The maximum stress has decreased by 70.7 % compared to the 
maximum stress in original die after topology and free-shape optimization 
simulations. The mass has increased by 17 % in the re-designed die compared 
to the original die. 

 

Table 8.2. Comparison between die with blankholder plate and  
re-designed die. 

Quantity 
Die with 

blankholder 
plate 

Re-designed 
Die 

Percentage 
change % 

Maximum Stress 41.4 MPa 60.7 MPa +31.8% 

Mass 20224 Kg 14964 Kg -26% 

 

Table 8.2 shows the comparison between the die with blankholder plate 
and the re-designed die. On comparing the maximum stress levels in the die 
with the blankholder plate and the re-designed die it is observed that there is 
still a difference of 31.8 % in the stress levels. Though the stress levels in the 
redesigned die didn´t reach the stress levels in the die with the blankholder 
plate, it is still a good result as the redesigned die is safe to use. The mass of 
the redesigned die has decreased by 26 % in comparison with the die with 
blankholder plate. As stress levels for both the cases is below correct/reduced 
fatigue limit of the material 98.1 MPa the increase in stress does not have 
much effect. The decrease in mass is significant and the removal of the plate 
which is made of steel also makes the integrated blankholder lighter and cost 
efficient. Therefore, the suggested re-design of the die can be considered as 
an efficient alternative to the original die and the die with blankholder plate. 
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 Summary and Conclusions 

9.1 Validation 

From the FE-simulations for various load cases we obtain the high stress 
concentration regions. High stress concentrations are obtained at the same 
regions in all the loads cases and the maximum stress value increases with 
increase in load. To not make high stress concentrations obvious, as already 
mentioned, sub-models for the die with finer mesh were created and analysed 
to identify high stress concentration zones. It is seen that there is an exact 
match between the locations of cracks in the real die and high stress 
concentration regions in the FE-simulation results. See Figure 9.1. This 
observation reflects the accuracy of the simulation setup. It also helps us 
conclude that the carried out simulation is a good approximation of the 
reality. 

Figure 9.1 shows the high stress concentration regions in the simulated 
FE-model of the original die. Figure 9.2 to Figure 9.4 show the location of 
crack in the real die. 

 

 
Figure 9.1. High stress concentration in critical areas. 
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Figure 9.2. Location of cracks formed in the real die (inner view). 

 

 
Figure 9.3. Location of cracks formed in the real die (backside view). 

 



 72 

 
Figure 9.4. Location of cracks formed in the real die (other side of the 

symmetrical die). 

 

9.2 Discussion 

This study shows that failure can be prevented by using an optimum 
design which can be obtained from structural analysis and optimization 
simulations. The structural analysis simulations show the areas that were 
most heavily loaded and the areas which were relatively unaffected. These 
results matched very well with the crack locations in the real die. Although 
it is hard to determine exact stress levels, good effort was put to identify the 
stress levels as exactly as possible by using a sub-model with a finer mesh. 

The simulation setup proved to be more complicated and time-
consuming than expected. With proper understanding of the problem and 
good knowledge of simulation setup tools, the process will be less time 
consuming and easier. According to VCBC, the simulations setup was a good 
enough approximation of the reality. 

The normal range of load in the die is 1500-2500 kN and the die should 
not break in this range under normal production conditions. The results 
obtained from the preliminary structural analysis of the die also show that 
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this is the case. The results show that it is quite possible to reduce the high 
stress levels by optimization and the goal should be to reduce the stress levels 
to the same range as when a blankholder plate is used. 

Initial attempts made to derive an optimum design of the blankholder 
using topology optimization are not very clear and hard to interpret. Finally, 
a satisfying result is obtained with a volume fraction of 0.6. The result 
obtained shows roughly defined walls and cells in the design space and is 
used to re-design the die initially in Catia. This re-designed FE-model was 
used to perform free-shape optimization for obtaining a more optimal design 
that meets all the constraints and objectives.  

On comparing the results between the original die and the re-designed 
die, it can be seen that the stress levels reduced by 70.7 % redistributing the 
stress throughout the integrated blankholder more homogeneously. The 
stress levels in the re-designed die couldn’t be lowered to the same range as 
when a blankholder plate is used.  Also, on comparing the results between 
the re-designed die and the die with blankholder plate, it is observed that the 
mass is reduced by 26 %. Overall a stiffer structure is obtained. VCBC finds 
the results obtained of good accuracy and reliability. 

On investigating the real die that had failed, the conclusion is that a 
severe overload/accident can directly break the die or create a notch which 
reduces the fatigue limit of the die drastically. The technicians at VCBC who 
worked with this die are quite sure that this caused the initiation of the cracks. 
Surface roughness also has a significant role on the fatigue limit. The rough 
surface can act as notches already from the beginning. 

The material quality could also be bad in critical areas, i.e. cracked 
region, and other places in this die. Hence it is recommended to conduct 
fatigue tests and quality checks of the material when the die is new. Also, 
there might be a need for new calculations or crack indications each time the 
die is overloaded or an accident happens especially for integrated 
blankholders, so that the initiated cracks are taken into account. 

On the whole, there must be larger radii fillets and more walls in areas 
with high stress concentrations. Based on the stress distribution profiles it 
can be concluded that the regions with high stress levels need the wall 
structure positioned in a way that distributes the stress more homogeneously 
resulting in reduction of the stress levels. The walls and reinforcements 
should not meet at sharp angles or in such a way that produces concentration 
of material which would result in uneven structure and lower strength.  
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The walls should be placed in a staggered sequence as shown in the re-
design of the die to reduce the risk of cavities, distortion and cracking 
because when casting solidifies it shrinks and then the material is drawn from 
the areas that solidify last. The more walls that meet, the greater the risk of 
cavities. To achieve sufficient strength in the die, the distance between the 
cell walls must be suited to the depth of the cells such that the shallower the 
cells, the shorter the distance between the walls. 

The FE-simulation results clearly show the regions of high stress 
concentration. From the FE-simulations and analytical calculations it can be 
concluded that quite hard to find the exact reason of what caused the failure 
of the integrated blankholder. However, it has been found out that the die 
must have been severely loaded sometimes during its lifetime and then the 
integrated blankholder might have cracks initiated. There is a drastic 
reduction in the fatigue strength of the material when a crack has initiated or 
when the notches present on the surface already act as a crack. This could 
have led to fracture propagation in the integrated blankholder. 

The optimization simulations show that an optimum design of the 
studied die is possible to achieve which also fulfils the Volvo Cars Standard. 
The obtained results can be said to have good accuracy and reliability. 

 

9.3 Future Works 

The loads acting on the die in the simulations is an approximation of the 
load acting on the real die. In reality, the loads are complex. More efforts can 
be put to obtain a better match between the loadstep used in the simulations 
and the loading in the reality. 

There are other ways in which the die can be optimized further which is 
out of the scope of this work. For example, one can try to make the die lighter 
with further optimizations simulations such that the total mass doesn‘t 
increase. 

A full shape and size optimization can be performed in order to get the 
best result from the topology optimization. Topology optimization only gives 
a coarse layout of the optimal material distribution, but with additional shape 
and size optimization best attainable results would be found. 

Fatigue life calculations can be performed to predict the lifetime of the 
die.  
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Appendix 

A. Results of FE- Analysis of original die 

The P1 major stress distribution and signed von-Mises stress 
distribution for each load case in the integrated blankholder. 

Total load on the blankholder - 1500 kN, 

 
Figure A.1. P1 major stress distribution for 1500 kN. 

 
Figure A.2. Signed von-Mises stress distribution for 1500 kN. 
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Total load on the blankholder - 2500 kN, 

 
Figure A.3. P1 major stress distribution for 2500 kN. 

 
Figure A.4. Signed von-Mises stress distribution for 2500 kN. 
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Total load on the blankholder - 8000 kN, 

 
Figure A.5. P1 major stress distribution for 8000 kN. 

 
Figure A.6. Von-Mises stress distribution for 8000 kN. 
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B. Results of Topology optimization 

(i) Other topology optimization results with different draw directions, 
design spaces and volumefrac values. 

 

 
Figure B.1. Topology optimization with one design space. 

 
Figure B.2. Topology optimization with three design space and 

different draw direction for DS 2. 
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Figure B.3. Topology optimization with three design space and 

volumefrac 0.4. 

 

 
 

Figure B.3. Topology optimization with three design space and 
different draw direction for DS 2 and DS 3. 
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(ii) The von-Mises stress distribution of the initially suggested re-design 
using topology optimization. 

 

 
Figure B.5. Von-Mises stress distribution of initial suggested re-design. 
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C. Results of FE- Analysis of Redesigned Die 

The P1 major stress distribution and signed von-Mises stress distribution 
for the redesigned die. Total load on the blankholder: 8000 kN 

 

 
 Figure C.1. P1 major stress distribution for re-designed die. 

  
Figure C.2. Signed von-Mises stress distribution for re-designed die. 
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