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Abstract: 

Nowadays FE-simulations of sheet metal forming process are used to 
reduce the tryout phase in automotive industries. But the complex forming 
simulation processes are very challenging. One of the challenges is to create 
an FE-model which can be used to analyze the effects of the cushion motion 
on the forming process. This thesis is focused on creating an FE-model of 
two dies and single cushion sheet metal forming process which can be used 
to analyze the effects of the cushion motion on the contact pressure between 
the stamping tools and the blanks. Using LS-PrePost a model with rigid 
stamping tools and cushion was created where the two blanks were of 
different thicknesses. After the model creation, LS-DYNA was used for the 
simulations. The results showed that the cushion is moving in all DOFs and 
due to this movements, uneven contact pressure distribution was seen on 
the blanks and the stamping tools. 
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Chapter 1 
Notation 

a Number of nodes per node-set. 
b Number of node-sets. 
dx Displacement in x axis. 
dy Displacement in y axis. 
drx Rotation in x axis. 
dry Rotation in y axis. 
drz Rotation in z axis. 

 

Abbreviation 

SMF Sheet Metal Forming. 
BHF Blank-Holder Force. 
DOF Degrees of Freedom. 
FE Finite Element. 
CAD Computer-Aided Design. 
CAE Computer-Aided Engineering. 
.iges Initial Graphics Exchange Specification file. 
.stl Stereolithography file. 
.k Keyword file. 
VCBC Volvo Cars Body Parts. 
BTH Blekinge Institute of Technology. 
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Chapter 2 
Introduction 

Volvo Cars Body Component (VCBC) is a Sheet Metal Forming (SMF) 
manufacturing unit located at Olofström, Blekinge county, Sweden. VCBC 
is responsible for the manufacturing of the car body parts such as car doors, 
car hoods and different small and large body parts of the car. The forming 
simulations in VCBC are done to check the feasibility of car body parts for 
manufacturing them with the stamping process.  

2.1 Framework 

In general, the sheet metal forming is a common manufacturing process in 
automotive industries for producing major and minor car body parts such as 
car doors, hoods, chassis parts, etc. Most of the car body parts are produced 
by different SMF methods such as bending, deep drawing, rolling, etc. [1]. 
The SMF is a cost-effective and time-saving manufacturing process for mass 
production of car body parts. Therefore, the automotive industries use a 
variety of different SMF presses to save time in production and reduce the 
cost in the machining of the car body parts [2]. 

Even if SMF is a cost-effective manufacturing method and has high 
productivity, there are some challenges that are common and difficult to 
address [3], [4]. One of the challenges in the SMF process is the cushion 
motion and its effects on the forming process. The cushion motion leads to 
problems such uneven contact pressure distribution on the blank and 
stamping tools, misalignment of the drawbeads during the punch stroke etc. 
The cushion can be displaced due to different reasons for instance, the 
uneven drawing force exerted on the blank-holder, complex geometries of 
the dies etc. These problems can be solved by restricting the cushion motion 
by reducing the clearance between cushion and guide rails or balancing the 
drawing force by adjusting the BHF. For these adjustments, it is very 
important to identify the reason of the cushion motion and the effects of 
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cushion motion on the forming process and this can be done by using the FE-
simulations. 

In the sheet metal forming process, the cushion plays a very important part 
as it has an influence on the product quality. The important function of the 
cushion in the forming process is to provide BHF and this BHF is responsible 
for fixing the blank in proper position during the punch stroke [3], [5]. It is 
very important to have an optimal BHF because the material flow during the 
punch stroke is dependent on this force. If the BHF is less than required BHF 
there will be excessive material flow during the drawing stroke which could 
lead in wrinkles on the product. And if the BHF is more than the required 
BHF then the material flow will be inadequate which could lead in thinning 
of the product [9], [3]. So, it is crucial to study the behaviour of the cushion 
and its impacts on the drawing process. Furthermore, the BHF also influence 
the contact pressure distribution between the stamping tools and the blank 
during the punch stroke.  

But in the SMF simulation process, it is assumed that the cushion will move 
only in the z axis translation. Hence the cushion motion in other 5 DOFs are 
constrained [10]. However, these assumptions will not provide vital data of 
cushion motion during the simulations. It is very important to get the data of 
the cushion motion as this motion of cushion during the punch stroke may 
affect the contact pressure between the blank and blank-holder which is very 
important for the quality of the product [4]. To address the problems of 
cushion motion, an FE-model is required which can predict the simulated 
cushion motion for analysing its effects on the contact pressure. 

2.2 Aim and objective  

The agenda of this thesis is to create an FE-model which can be used to study 
the behaviour of the cushion during the stamping process. And this model 
can help in analysing the influence of cushion motion on contact pressure 
acting on the blank and the stamping tools of the two dies and single cushion 
SMF press. This kind of simulation can give vital data of the differences in 
the contact pressure on the blanks and stamping tools due to the displacement 
of the cushion system. 
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For attending the agenda of this thesis, an FE-model of two dies and single 
cushion SMF press was created in the commercial software LS-DYNA. 
Three different models were also created with different assumptions of 
cushion motions so that the contact pressure distribution on the blank and the 
stamping tools could be compared and the effects of cushion motion on the 
contact pressure distribution could be analysed. 

2.3 Research question  

How can an FE-model be created of two dies and single cushion SMF press 
so that the contact pressure on the blank and stamping tools can be analysed 
when the cushion is allowed to move in all DOF? 

2.4 Hypothesis 

Considering the large size and complex forming process of two dies and 
single cushion press an FE-model can be created using LS-DYNA software. 
In this FE-model, all the stamping tools and the cushion can be considered 
as rigid bodies and blank as an elastic and plastic deformable body. The 
cushion can be allowed to move in all DOFs, so that the cushion 
displacements can be calculated and the influence of these displacements on 
the contact pressure distribution on the stamping tools and the blanks can be 
analysed. 

2.5 Delimitation  

 The computational cost is not considered for the simulation of the 
SMF in this thesis work. 

 Tribological aspects, i.e. lubrication film between the sheet and the 
stamping tools will be not considered in this thesis work. 

 Economical aspects of the SMF process are not considered in the 
analysis. 

 All the assumptions are based on the literature referred to this thesis 
work. 

 Results obtained from LS-DYNA simulations are assumed to be 
correct, so no correlations of the results are done. 
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Chapter 3 
Theory 

3.1 Sheet metal forming  

Sheet metal forming is a process to produce a specific geometry product from 
a sheet of metal by applying a force on it. The force applied will stress the 
sheet to material yield strength which will lead the material to deform 
plastically without failure [11]. SMF is chip and burr-free because in this 
process material is not removed. There are many different subcategories of 
SMF such as bending, rolling, spinning, deep drawing, etc. Figure 3.1 shows 
the schematic representation of the SMF process. 

 

Figure 3.1 Schematic representation of sheet metal forming. 
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3.2 Deep drawing process 

Deep drawing process can be explained as the process in which the blank is 
drawn into a forming die of a particular geometry by forcing the blank by a 
punch. During the punch stroke radial stresses and compressive stresses will 
be exerted on the flange area, i.e. region of the die from where the blank will 
be drawn [12]. Due to this stresses wrinkles can be formed on the blank. To 
prevent the wrinkling effects, a blank-holder is used. This tool will apply an 
optimal force on the blank to control the material flow which can prevent the 
wrinkling and excessive stretching of the blank [11], [12]. Figure 3.2 shows 
the deep drawing process. 

3.2.1 Industrial SMF production setup. 

 

Figure 3.2 Schematic representation of deep drawing process. 
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Figure 3.2 shows the industrial application of the deep drawing process. The 
deep drawing process can be explained in three different stages. In the initial 
stage the blank is placed between the blank-holder and die, where the blank 
is resting on blank-holder. In the closing stage, the die moves towards the 
blank and blank-holder and it forces the blank-holder downwards, where the 
blank-holder is forced upwards by the pressured cushion system resulting in 
locking of the blank in between die and blank-holder. During the final stage 
or punch stroke, the blank is formed into a required geometry by forcing the 
blank towards the punch by the die. 

3.3 Blank-holder force  

BHF is the force that is used in SMF to control the material flow of the sheet 
and avoid wrinkling and excessive stretching of the sheet during the punch 
stroke. The optimal BHF is very important for the productivity of the SMF 
process as higher BHF can lead to excessive stretching of the sheet resulting 
in failure and lower BHF leads to wrinkling of the sheet. In both the cases 
the product is rejected which leads to a reduction of productivity of the 
process. 

3.4 Cushion system 

The cushion system is used to transmit BHF to the blank-holder where the 
cushion system is connected to the blank-holder through cushion-pins. In 
these systems, the cushion is supported by four, six, or eight cylinders. The 
pressure cylinders can be operated by pneumatic, hydraulic or electric 
actuators. The cushion system is a very important part of large die presses 
where it maintains the optimal BHF. The cushion pressure of each cylinder 
can be adjusted separately which helps the manufacturing department to 
control the BHF [12]. 

3.5 Drawbeads 

Drawbeads are the structures created on the blank-holder and die to control 
the material flow during the drawing process to avoid wrinkles and cracks in 
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the sheet. The function of the drawbeads is to control the material flow during 
the drawing process to produce the part with optimum material usage [13]. 
Figure 3.3 shows the drawbeads on the die. 

 

Figure 3.3 Schematic representation of sheet metal forming with 
drawbeads [13].  

3.6 LS-DYNA 

LS-DYNA is an FE-software that combines multi-physics capability codes 
for solving linear and nonlinear problems. LS-DYNA was developed by 
Livermore Software Technologies Corporation (LSTC) in the 1970s. It uses 
an explicit method to solve the coupled multi-physics problems. This 
software is used by many different industry sectors such as the automotive 
sector, aeronautical sector, defence sector, thermal engineering sector, etc. 
The software comes with LS-PrePost, LS-RUN, LS-OPT. LS-PrePost is used 
for pre-processing and post processing. LS-Run is used for solving of the FE-
models (simulations). The optimization is done using LS-OPT [6], [11]. 

For creating the FE-model, LS-DYNA gives the user many different 
keyword cards such as hundreds of predefined material cards, contact cards, 
boundary cards, etc. This makes model creation easy. 
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3.7 Altair HyperMesh 

HyperMesh is a multi-disciplinary FE pre-processor that manages to perform 
meshing, material definition and model creation of large and complex CAD 
geometries. The software is used to export the FE-model to different 
designated files [14]. 

3.8 MathWorks MATLAB 

MATLAB is a programming language software which enables the user to 
perform the complex matrix and array calculation problems which helps the 
user to perform any kind of iterative analysis. 
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Chapter 4 
Related Works 

VCBC conducts several types of research on the SMF process to make the 
SMF process safer and more efficient. In the year 2018, Lind and Sjöblom 
[11] conducted their thesis on elastic consideration of SMF tools at VCBC. 
In this thesis, they studied the elastic tools and their deformation during the 
forming process. Using LS-DYNA they created an FE-model of the elastic 
tools and investigated the effects of the stamping tools deformations on deep 
drawing process. They have also used cushion in their FE-model with elastic 
properties. However, in there model the cushion could move only in z 
translation DOF. The results of this thesis work were promising but the 
computational cost of the elastic tools simulation was very high. 

Pilthammar [1] studied the elastic tools in SMF simulations for optimization, 
structural analysis together with the experimental measurements for 
improving the simulation results with less computational cost. The paper 
suggests that it is very important to simulate not only the elastic die but also 
the elastic press in SMF simulations. In this work, the elastic behaviour of 
press and die was used for virtually simulated rework for shortening the 
support and tryout phase. 

Maker and Zhu [10] explained the necessary parameters used in LS-DYNA 
for creating an FE-model of SMF simulation. This paper gives a brief 
understanding of the process used for creating the FE-model of SMF. They 
proposed a standard procedure for conducting SMF simulations. However, 
this paper does not show any model or its simulations. 

Bitzenbauer, Franz, and Schweizerhof [7] showed in their paper that the 
computational cost of SMF simulation can be reduced by using model 
analysis of the stamping tools. This paper is focused on rigid tools simulation 
where by using eigenmodes one can reduce the computational time of the 
simulations with a negligible amount of deviations in the results. The 
proposed method of eigenmodes showed good results for few frequency 
modes but as they tried to reduce the computational cost the efficiency of the 
results was also decreased.  
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Chapter 5 
Method 

5.1 Work-flow 

In SMF simulations generally, the cushion is allowed to move only in z axis 
translation and the rest of the DOFs are constrained. However, the cushion 
motion in two dies and single cushion SMF press effects the contact pressure 
distribution between the blank and stamping tools. For predicting the effects 
of cushion motion on the stamping tools four FE-models were created and 
the simulation results of contact pressure distribution of these models were 
compared with each other. 

 

Figure 5.1 Work-flow diagram showing the different models and work done 
in these models. 
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Figure 5.1 shows the process of creating four different models used in this 
thesis work. The yellow colour shows the input in the form of mesh, the blue 
colour shows the editing of the FE-model, the orange colour shows the 
changes done in the FE-model and green colour shows the simulations. The 
nominal surfaces were provided by VCBC for creating the FE-model. The 
standard LS-DYNA procedure for SMF simulation was used to create the 
first model of two dies and single cushion SMF press, i.e. Model 1. 
Generally, these standard LS-DYNA simulations are assumed to be correct, 
so no correlations are done with different software. The remaining three 
models i.e. Model 2, Model 3 and Model 4 are based on this standard model 
with few changes which will be explained in sections 5.4, 5.5 and 5.6 
respectively. 

In Model 1, it was assumed that inner and outer hood blank-holders have 
same BHF, so both the blank-holders were considered as two separate parts. 
However, the cushion was not used in this model because simulation results 
of this model will give the contact pressure on the blanks when the cushion 
motion is not considered in the FE-model. The blank-holders displacements 
were constrained in x and y axes translation and x, y and z axes rotations. 
The idea behind creating this model was to set a benchmark for comparing 
the effects of cushion motion on the contact pressure between the blanks and 
the stamping tools. 

In Model 2, it was assumed that the inner and outer hood blank-holders were 
placed on a single cushion, so both the blank-holders were considered as one 
part. However, the cushion part was not used in the simulation because this 
models simulation results will give the contact pressure on the blanks when 
the cushion motions are not considered.  

In Model 3, the cushion was used in the simulation where the cushion was 
allowed to move in all DOFs and the clearance between the cushion and the 
guide rails was 0.5 mm. This model was created to replicate the behaviour of 
the cushion during the forming in two dies and single cushion SMF press. 

In Model 4, the clearance between the cushion and guide rails was reduced 
to 0.2 mm where the cushion was allowed to move in all DOFs. This model 
was created for analysing difference of the cushion motion when the 
clearance between the cushion and the guide rails is reduced. 
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For creating the FE-model, the input data, working parameters, output 
requirements must be defined in LS-DYNA. The fish-bone diagram of FE- 
modeling shown in Figure 5.2 gives a brief picture of the data used for 
creating the FE-model during this thesis work. 

 

Figure 5.2 Fish-bone diagram of necessary parameters used in FE-
modeling. 

5.2 Testing the hypothesis 

The hypothesis testing was done with the agenda of accepting or rejecting 
the proposed hypothesis. For testing the hypothesis, a small model of 
Limiting Dome Hight (LDH) test was provided by VCBC for conducting this 
test. This model was not only used for hypothesis testing but it was also used 
for understanding the SMF simulation settings in LS-DYNA. Small changes 
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were made in the model so that it can replicate the conditions of the two dies 
and single cushion SMF model which was tested during this thesis. In this 
model cushion with guide rails was used for the simulation.  

 

Figure 5.3 Isometric view of the LDH model. 

From Figure 5.3, the model consists of two dies, two blanks, two blank-
holders, two punches, a cushion, and 8 guide rails. The nomenclature of the 
LDH model can be seen in Figure 5.4.  

 

Figure 5.4 Nomenclature of LDH model. 
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The model was created to test whether the cushion can rotate in all three axes 
during the SMF process with respect to time. The agenda was just to test the 
hypothesis so the translation of cushion in the x axis and y axis were 
constrained for simplification. Hypothesis testing showed positive results 
and the results and the analysis will be explained in Chapter 6 and Chapter 7 
respectively. 

5.3 Model 1 

Generally, in forming simulations the cushion motions are not considered so 
the cushion is not used in SMF simulation models. Therefore, in Model 1 the 
cushion part is not considered.  For defining this model VCBC provided the 
required CAD geometries of dies, blank-holders, punches, and blanks of the 
inner and outer hood of Volvo car. Generally, in forming simulation the 
standard LS-DYNA simulations are used. This standard simulations models 
give approximately correct results. Therefore, Model 1 was created using the 
standard SMF simulations model used in LS-DYNA.  

5.3.1 CAD geometries  

The first step of creating Model 1 was to import the geometries of stamping 
tools and blanks in LS-PrePost in order to define this model. The surfaces of 
the stamping tools and blanks were provided by VCBC in the form of .iges 
files. Sometimes due to the complexities of CAD geometries meshing 
process becomes difficult. The algorithms for auto meshing could not mesh 
the geometries properly. For performing better meshing operation the 
geometry cleaning operation was done using HyperMesh and then these 
geometries were exported in .stl files.  

5.3.2 Meshing 

The geometries of stamping tools obtained using HyperMesh were imported 
in LS-PrePost one by one separately. And then they were meshed by using 
Auto Mesher option in LS-PrePost. In Auto Mesher the Deviation sub- 
method was used to mesh the stamping tools and blanks. Table 5.1 shows the 
values of parameters used for meshing using Auto Mesher. All stamping tools 
and blanks were saved separately in .k files for further operations. 
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Table 5.1 Auto Mesher parameters used for meshing different parts. 

Parameter Value Unit 
Max element size 16.32 mm 
Min element size 0.68 mm 

Max deviation 0.102 mm 
Max angle 20 degrees 

At VCBC, CAD models of the stamping tools are created with respect to the 
surface of the blanks. This implies that the blank-holders and punches should 
be offset with the amount of the thickness of the blanks. For doing this step 
Offset option in Element tool was used to offset the blank-holders and 
punches with respect to the thickness of the inner and outer hood blanks. It 
is very important to check the duplicate nodes of the created mesh as a few 
boundary conditions will be applied to the nodes. For performing duplicate 
nodes check, Duplicated nodes option in Element tool was used to merge the 
duplicate nodes. Table 5.2 shows the number of elements and nodes for every 
part.  

Table 5.2 List of the number of elements and nodes of different parts. 

Part name Number of nodes Number of elements 
Inner hood die 143422 153656 
Outer hood die 101805 105430 

Inner hood blank 54684 54260 
Outer hood blank 60758 60312 

Inner hood blank-holder 15665 15669 
Outer hood blank-holder 59948 61207 

Inner hood punch 114871 123934 
Outer hood punch 47128 48338 

5.3.3 Material and section 

After meshing all the stamping tools and blanks, the materials and sections 
for each part were assigned in LS-PrePost in separate .k files. For the rigid 
body parts of the model, i.e. dies, punches and blank-holders shell sections 
were used with 1.4 mm thickness. The element formulation used for these 
shell elements was Belytschko-Tsay. MAT_RIGID material card was used 
to assign the material properties of the rigid body for these parts. The dies 
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and the blank-holders were allowed to translate in z axis while constraining 
the x and y translation and x, y and z rotation by setting the CON1 = 4 and 
CON2 = 7. For the punches, all DOFs were constrained by using CON1 = 7 
and CON2 = 7. 

The shell section with five integration points was used for the inner and outer 
hood blanks. 1.2 mm shell thickness was used for the inner hood blank and 
0.9 mm shell thickness was used for the outer hood blank. Where the element 
formulation used for this shell sections was a fully integrated shell element. 
MAT_BARLAT_YLD20000 material card was used for assigning the 
material properties to both the blanks. The hardening curves and material 
properties showed in Appendix A and Appendix B were used for assigning 
the material properties of the inner and outer hood blanks respectively. 

5.3.4 Gravity Loading  

Generally, in industrial deep drawing process the blank is dropped on the 
blank-holder and later the die is moved downwards so that the blank is 
clamped in between the die and the blank-holder. To simulate this process of 
dropping the blank on the blank holder a separate simulation was conducted 
for obtaining the exact loading condition of the blanks on the blank-holders. 
The agenda of this simulation was to mimic the condition of loading of the 
blank on the blank-holder. The idea behind this simulation was to release the 
blank from a certain height on the blank-holder where only gravitational 
force was applied on the blank. In this model blank and blank-holder was 
used. Implicit method was used to avoid the dynamic behaviour of the blank 
during the contact with the blank-holder. LS-DYNA guidelines and Lind and 
Sjöbloms thesis were referred to create this model [6], [11]. After the 
simulation of gravity loading, the .dynain files of both the blanks were used 
in Model 1. The results of this simulation are showed in Chapter 6. 

5.3.5 Model setup 

After the gravity loading simulation, all the meshed nominal surfaces of the 
stamping tools were imported in LS-PrePost with the .dynian file of the 
blanks obtained from the gravity loading simulation. Further, these parts 
were assembled in their initial position using the Translate tool in LS- 
PrePost. The dies were assigned the velocity using the PRESCRIBED_ 
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MOTION_RIGID card using the velocity curve which was defined in 
DEFINE_CURVE card [10]. The velocity curve used for this simulation is 
shown in Figure 5.7. Furthermore, the FORMING_ONE_WAY_ 
SURFACE_TO_SURFACE contact was used to assign contacts between the 
forming surfaces. Figure 5.5 shows the assembly of Model 1. 

 

Figure 5.5 Isometric view of forming rigid body FE-model. 

 

Figure 5.6 Side view of forming rigid body FE-model. 

In this model, the inner and outer hood blank-holders were different parts 
and each blank-holder was assigned a force of 1.2 MN using the 
LOAD_PART card in LS-PrePost. 
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Figure 5.7 Velocity curve used for defining the die velocity. 

The simulation results of this model were used to compare the contact 
pressure on the blanks with other three models. 

5.4 Model 2  

After creating the Model 1 a new model was created to simulate a scenario 
where both the blank-holders were placed on a single cushion and the blank-
holder part was allowed to move only in the z axis and the rest of the DOFs 
were constrained. However, the cushion was not used in this simulation. The 
basic consideration to create this model was that both the blank-holders will 
no longer be having equal BHF, but 2.4 MN force will be shared between 
them. Therefore, to create such a model the inner blank-holder mesh was 
transferred to the outer blank-holder part using Move tool in Element edit 
option in LS-PrePost. Furthermore, the load assigned to the blank-holder part 
was changed to 2.4 MN by changing the load curve.  The rest of the settings 
and the required parameters were kept same as that of previous model. This 
model was created to get the simulation results where the realistic cushions 
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are not used and the blank-holders are allowed to move in only z axis 
translation and the rest of the DOFs are constrained. 

5.5 Model 3  

For creating the FE-model of the two dies single cushion SMF press model, 
VCBC provided the .iges files of the nominal surfaces of inner and outer 
hood dies, inner and outer hood blanks, inner and outer hood punches, inner 
and outer hood blank-holders, and inner and outer hood blanks. The cushion 
system was created using the Block Mesher tool in LS-PrePost. In section 
5.3.2 it is already explained the meshing method used to mesh the stamping 
tools and the blanks. The same mesh was used to create the FE-model of the 
two dies and single cushion SMF simulation while some complexities such 
as material properties, boundary conditions, cushion systems were added 
which will be explained in this section. 

5.5.1 Meshing of cushion 

For creating the cushion, it is easy to use the Block Mesher tool in LS- 
PrePost. The Single Block option was used to create a rectangular cushion. 
After creating the meshed block, it was converted into shell mesh using the 
element tool in LS-PrePost. Figure 5.8 shows the meshed cushion. Guide 
rails were created using Block Mesher tool in LS-PrePost. All stamping tools, 
blanks and cushion with blank-holders were saved separately in .k files for 
further operations. 

 

Figure 5.8 Isometric view of meshed cushion. 
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5.5.2 Consideration of cushion and two blank-holders as one part 

The blank-holders and the cushion are considered as rigid bodies. For 
reducing the contacts between the rigid body cushion and rigid body the 
cushion and blank-holders were considered as one part. 

For creating this part, the Element edit option in Element tools was used. 
Using element type shell, new elements were generated using already created 
nodes of the cushion and the blank-holders [7]. Figure 5.9 shows the rigid 
body part generated after creating the cushion pin elements. 

 

Figure 5.9 Cushion after the blank-holder simplification. 

5.5.3 Material and section 

After creating the cushion and blank-holder part, all the parts were assigned 
the material properties and sections. Using MAT_RIGID material card, 
material properties of the rigid body were assigned for inner and outer hood 
dies, inner and outer hood punches, cushion with blank-holder part and guide 
rails. Both the dies were allowed to move in the z axis translation whereas x 
and y axes translation and x, y and z axes rotation were constrained by using 
CON1 = 4 and CON2 = 7. Both the punches and guide rails were constrained 
in x, y and z axes translation and rotation using CON1 = 7 and CON2 = 7. 
The cushion with the blank-holder part was allowed to move in all DOFs 
using CON1 = 0 and CON2 = 0. 

The shell sections were assigned to all these parts except the guide rails. The 
guide rails were assigned with solid section. Shell thickness of 1.2 mm was 
used for the dies and the punches. Whereas 0.2 mm shell thickness was used 
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for the cushion with blank-holder part. The Belytschko-Tsay element 
formulation was used for dies, punches and the cushion with blank-holder 
part. 

For the inner and outer hood blanks, shell section with five integration points 
was used and 1.2 mm thickness was assigned for the inner hood blank 
whereas 0.9 mm thickness was assigned for outer hood blank. The element 
formulation used for this section was fully integrated shell element. 
Furthermore, MAT_BARLAT_YLD20000 material card was used for 
assigning the material properties for the inner and outer hood blanks. The 
hardening curves and material properties showed in Appendix A and 
Appendix B were used to assigning material properties of inner and outer 
hood blanks respectively. All the material properties data was provided by 
VCBC. 

5.5.4 Assembly 

After the meshing and assigning the material properties and sections each 
part was saved in a separate .k file. All the parts were imported one by one in 
LS-PrePost for assembling them. The inner and outer hood blanks were 
imported as .dynain file from the gravity loading simulation see section 5.3.4. 
Using the Translate tool all the parts were translated according to their initial 
position in the model. After assembling all the parts further keyword cards 
were created to assign the loads, boundary condition, etc. Figure 5.10 shows 
the assembly of the model in the isometric view and Figure 5.11 shows the 
nomenclature of the model. 

In the assembly the cushion and guide rails have very small 0.5 mm clearance 
between them. Due to this clearance the cushion was expected to move in x, 
y and z direction. Guide rails position was defined considering the thickness 
of the shell elements of the cushion system. 
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Figure 5.10 Isometric view of the assembly of two dies single cushion 
system. 

 

Figure 5.11 Nomenclature of the FE-model. 
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Figure 5.12 Zoomed view of clearance between cushion and guide rails. 

5.5.5 Contacts  

After assembling the model, the contacts of the different parts were defined. 
Contacts between two different contacting parts is very imported during the 
SMF simulation. LS-DYNA gives the user number of contact cards to define 
the contacts between two parts in dynamic simulations. For sheet metal 
forming contacts generally FORMING_ONE_WAY_SURFACE_TO_ 
SURFACE card is used where the contacts are assigned as master and slave 
relation. The idea of master and slave relation is that the slave will follow the 
shape of master. 

For the forming surface contacts in this model such as dies with blanks, 
blank-holders with blanks, and punches with blanks 
FORMING_ONE_WAY_ SURFACE_TO_SURFACE contact card was 
used with bucket sort of 20. The contact nodes were selected based on Part 
ID. The friction between two surfaces was defined by setting the 0.15 value 
in FS. Table 5.3 shows the relation of the master and slave used in the contact 
card [7], [10]. 
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Table 5.3 Master and slave relationship between the contacts. 

Contacts between parts Master Slave 
Inner die and inner blank Inner die Inner blank 
Outer die and outer blank Outer die Outer blank 

Inner blank-holder and 
inner blank 

Inner blank-holder Inner blank 

Outer blank-holder and 
outer blank 

Outer blank-holder Outer blank 

Inner punch and inner 
blank 

Inner punch Inner blank 

Outer punch and outer 
blank 

Outer punch Outer blank 

 

 

Figure 5.13 Example of the forming contact between inner and outer hood 
punches and blanks. 

For the contact between cushion and guide rails, the AUTOMATIC_ 
SURFACE_TO_SURFACE contact was used. Two segment sets were 
created using the SET_SEGMENT in Create entity option. The inner 
surfaces of the guide rails were selected as the master segment set and the 
outer side surfaces of cushion were selected as the slave segment set. Figure 
5.14 and 5.15 shows the segment sets created for the guide rails and the 
cushion respectively to define the contact between them. 



 

29 
 

 

Figure 5.14 Segment set selected for all the guide rails for the 
AUTOMATIC_SURFACE_TO_SURFACE contact. 

 

 

Figure 5.15 Segment set selected for the cushion for the 
AUTOMATIC_SURFACE_TO_SURFACE contact. 

5.5.6 Loading condition 

After assigning the contacts, loading conditions of cushion was assigned. In 
real forming process, the blank-holders are pushed towards the dies by the 
cushion. For forcing the blank-holders towards the dies the cushion is forced 
towards the blank-holders by six pressurized cushion cylinders. For 
simulating this loading condition on the cushion, six node sets were created 
for assigning load on the cushion according to the position of the cushion 
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cylinders. This six node sets were created using the Create entity option in 
LS-PrePost. Each node set has nine nodes as shown in Figure 5.16. In LS- 
DYNA the load act on the nodes so to get the correct loading condition on 
the cushion, equation (5.1) was used to find the load acting on each node. 

 

Force per node = 
BHF
a×b

                                                            (5.1) 

Force per node = 
2.4 MN

9×6
 

Force per node = 0.044444 MN 

 

Where a is the number of nodes per node set and b is the number of node 
sets. 

In the LOAD card, the NODE_SET option was used to assign the load for 
each node set using a load curve. Figure 5.17 shows the left side view of the 
cushion showing the direction of the load. 

 

Figure 5.16 Bottom view of cushion showing the node-sets selected for 
loading conditions. 
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Figure 5.17 Side view of cushion showing the load direction. 

5.5.7 Boundary conditions 

After assigning the loading conditions, boundary conditions were assigned. 
In the industrial forming setup, the dies are connected to the ram system 
where the ram travels with a specific velocity towards the press table to 
perform the forming process. To simulate this condition PRESCRIBED_ 
MOTION_RIGID card was used to assign the velocity to the inner and outer 
hood dies in this FE-model. This card will enable velocities to the dies, so 
that the dies will travel with specific velocity towards the blanks. The 
velocity curve showed in Figure 5.7 was used to define the velocities for both 
the dies. 

In a real forming process, the blank-holders are pushed towards the dies with 
BHF defined in the cushion. Similarly, the load was applied to the cushion 
in Model 3 see section 5.5.6. Due to this load the cushion was translated in 
positive z axis from the beginning of the simulation. To prevent the cushion 
from translation in positive z axis until the blanks are clamped in between 
the blank-holders and the dies CONSTRAINE_RIGID_BODY_STOPPERS 
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was used to stop the cushion translation. This step prevents the cushion 
translation in positive z axis until the clamping of the blanks are completed. 

5.5.8 Lowering the density  

During the initial simulations of this model, it was seen that at higher 
velocities of the dies the system shows dynamic behaviour in the results. To 
overcome the dynamic behaviour the density of the cushion was reduced to 
non-physical levels. As the density was reduced the mass of the cushion was 
also reduced resulting in the less dynamic behaviour of the cushion. 

5.5.9 Adaptive Mesh 

The blank will undergo large deformations, but it is hard to predict the 
locations of these deformations. If the mesh is not fine in these locations, 
then the results can be less accurate. To overcome this problem adaptive 
mesh was used for the blanks. 

5.6 Model 4  

For the reduction of the cushion motion during the stamping simulations, the 
clearance between the cushion and guide rails was reduced from 0.5 mm to 
0.2 mm. For doing this Model 3 was used but the position of the guide rails 
was changed using Translate tool in the Element edit option. The rest of the 
parameters were kept the same as that of the Model 3. 

  



 

33 
 

Chapter 6 
Results 

6.1 Hypothesis test 
The hypothesis test was done to check whether the cushion is rotated in x, y 
and z axes during the forming simulation. Figure 6.1, 6.2 and 6.3 shows the 
cushion rotation in x, y and z axes in LDH model.  

 
Figure 6.1 Rotation of cushions center of gravity in x axis. 

 
Figure 6.2 Rotation of cushions center of gravity in the y axis. 
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Figure 6.3 Rotation of cushions center of gravity in the z axis. 

From Figure 6.1, 6.2 and 6.3, it can be seen that the cushion is rotated in x, y 
and z axes. However, the rotations are very small, but the hypothesis is 
assumed to be positive because it was possible to record the cushion rotation. 
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6.2 Gravity loading 

The gravity loading simulation were done for getting the shapes of the blanks 
when the blanks are dropped on the blank holder. Figure 6.4 shows the 
gravity loading simulation results. 

 

Figure 6.4 Gravity loading results. 

From Figure 6.4, it can be seen that the inner and outer hood blanks change 
their shapes after the gravity loading simulation. 

6.3 Cushion motion in Model 3  

6.3.1 Translation of the cushion in x and y axes 

In the two dies and single cushion SMF press simulation of the Model 3, the 
cushion is free to move in x, y and z axes translation and rotation where the 
clearance between the cushion and guide rails is 0.5 mm. In Figure 6.4 the z 
axis translation plot is not shown as the translation of the cushion in the z 
direction from the closing stage will be liner ramp up until the end of punch 
stroke i.e. 282 mm die displacement.  
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Figure 6.5 Displacement of the cushions center of gravity in x and y axes. 
When cushion can move freely in all DOFs and the clearance between 

cushion and guide rails is 0.5 mm. 

From Figure 6.5 the cushions center of gravity is moving in x axis after 200 
mm die displacement and it is almost constant at approximately 0.465 mm 
from approximately 260 mm die displacement. Whereas, the cushion starts 
to move in positive y direction after 222 mm die displacement and it is 
continuously increasing till the end of the stamping simulation. The positive 
x axis displacement indicates that cushion is moving towards the right-hand 
side of the outer hood die see the coordinate system in Figure 5.10. 
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6.3.2 Rotation of cushion in x, y and z axes  

Figure 6.6 shows the rotation of the cushion in x, y and z axes. 

 

Figure 6.6 Rotation of cushions center of gravity in x, y and z axes. When 
cushion can move freely in all DOFs and the clearance between cushion 

and guide rails is 0.5 mm. 

In Figure 6.6, the negative sign indicates the cushion rotation in the opposite 
direction. Even though the rotations can be seen in the cushion, but these 
rotations are very small i.e. 10-5 radians which is almost zero so these 
rotations can be neglected for further analysis. 
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6.4 Reaction force on the blanks in Model 3 

Figure 6.7 shows the reaction forces acting on both the blanks due to the 
blank-holders of the Model 3. The showed plots are filtered and replotted 
using MATLAB so that the dynamic behaviours of the system can be 
reduced.  

 

Figure 6.7 Reaction force acting on inner and outer hood blanks. When 
cushion can move freely in all DOFs and clearance between cushion and 

guides rails is 0.5 mm. 

From Figure 6.7, after the closing stage, the inner hood blank shows 1.09 
MN force which is 9.1 % less than that of the expected 1.2 MN force and the 
outer hood blank shows 1.31 MN reaction force which is 9.1 % more than 
the expected 1.2 MN force. However, during actual stamping of the blanks 
i.e. when the blanks are in contact with the punches the reaction force on the 
inner hood blank starts to increase up to 1.25 MN force and the reaction force 
on the outer hood blank starts to decrease to 1.15 MN force until the die 
displacement is 244 mm. After 244 mm die displacement, the reaction force 
on the inner hood blank starts to decrease and the reaction force on the outer 
blank starts to increase to approximate 1.2 MN force at the end. The reasons 
of these changes in the reaction forces will be discussed in Chapter 7.  
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6.5 Comparison between Model 3 and Model 4 

6.5.1 Comparison of cushion motion 

The comparison of cushion motion between Model 3 and Model 4 is done to 
analyse the difference in the displacement of cushion. Figure 6.8 shows the 
x and y axes displacement of the cushion in Model 3 and Model 4.  

 

Figure 6.8 Comparison of the cushion displacement in x and y axes 
between the Model 3 and Model 4. 

From Figure 6.8, the cushion displacement till 230 mm in x axis is 
approximately same in both the models. However, in the Model 4 the cushion 
displacement in the x axis is almost constant at 0.18 mm from 230 mm die 
displacement which is 37 % less than the displacement of cushion in Model 
3. Furthermore, very small variation of cushion displacement in the y axis 
can be seen after 250 mm die displacement in Model 4.  
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Figure 6.9 Comparison of displacement of the cushion node in contact with 
the guide rails in the x axis. 

Figure 6.9 shows the displacement in the x axis of the cushion node in contact 
with the guide rails when the clearance between the cushion and guide rails 
is 0.5 mm and 0.2 mm. From this plot it can be seen that the cushion node 
displacement in the x axis is constant at 0.2 mm after approximately 230 mm 
die displacement in the Model 4. This implies that the cushion is in contact 
with the guide rails on the right side of the outer blank-holder as the clearance 
between the cushion and guide rails is 0.2 mm. From this plot it can be seen 
that the cushion displacement in the x axis is constant at 0.5 mm after 
approximately 245 mm die displacement in Model 3. This implies that the 
cushion is in contact with the guide rails after 245 mm die displacement in 
Model 3. The cushion touches the guide rails approximate 15 mm die 
displacement earlier in the Model 4 than that of Model 3. 
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6.5.2 Comparison of reaction forces on blanks 

Comparison of reaction force on the blanks due to the blank-holders between 
the Model 3 and Model 4 was compared to analyse the differences in reaction 
force acting on the blanks. 

 

Figure 6.10 Comparison of the reaction force acting on the blanks due to 
the blank-holders between Model 3 and Model 4. 

From Figure 6.10 the reaction forces on both the blanks after 105 mm die 
displacement are approximately same i.e. 1.09 MN and 1.31 MN in inner and 
outer hood blanks respectively until 230 mm die displacement in both the 
models. However, in the Model 4 after 240 mm die displacement the reaction 
force on the outer blank is continuously rising from 1.25 MN until the end of 
the stamping process, whereas reaction forces in the inner blank is 
continuously reducing from 1.25 MN after 240 mm die displacement. And 
in the Model 3 after 230 mm die displacement, the reaction forces are 
approximately 1.15 MN and 1.25 MN in inner and outer hood blanks 
respectively until 260 mm die displacement. After 265 mm die displacement 
the reaction forces on both the blanks in Model 3 is almost 1.2 MN until the 
end of stamping process. 
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6.6 Comparison of contact pressures on the blanks  

Comparisons of contact pressure on the blank due to the blank-holder 
between four models are shown in this section. This comparison was done 
for analysing the effects of cushion motion on the contact pressures on the 
blanks due to blank-holders. All four models have different boundary 
conditions with respect to the cushion motion so this comparison will also 
give brief information on why it is necessary to consider the cushion motion 
in the SMF simulations. Table 6.1 shows the different stages of die 
displacement used for the comparison of contact pressure.  

Table 6.1 Stages of die displacement. 

Stages Dies displacements Specification 
Stage- 1 173 mm Die displacement after 

closing stage 
Stage- 2 222 mm Die displacement 

during punch stroke 
Stage- 3 244 mm Die displacement 

during punch stroke 
Stage- 4 282 mm Die displacement at 

the end of punch 
stroke 
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Stage 1 
 

 

Figure 6.11 Comparison of the contact pressures on the blanks due to 
blank- holders of four different simulations at die displacement 173 mm. 

The unit of pressure is MPa. 

Figure 6.11 shows the contact pressures on the blanks due to the blank-
holders of four different simulation models at 173 mm die displacement. The 
contact pressure on Model 3 and Model 4 are exactly the same. However, the 
contact pressure distribution on both the blanks in Model 3 and Model 4 has 
higher contact pressure on the left hand side of the outer hood blank than that 
of the outer hood blank in the Model 1. The contact pressures distribution on 
both blanks in Model 2 is completely different than other models.  
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Stage 2  

 

Figure 6.12 Comparison of the contact pressures on the blank due to blank- 
holders of four different simulations at die displacement 222 mm. The unit 

of pressure is MPa. 

Figure 6.12 shows the contact pressures on the blanks of four models at 222 
mm die displacement. The contact pressure distribution on both the blanks in 
Model 1 and Model 2 at 222 mm die displacement is approximately similar 
to the contact pressure distribution on both the blanks when the die 
displacement was 173 mm. However, in Model 3 and Model 4 the contact 
pressure on the left hand side periphery of the inner hood blank is decreased 
and the contact pressure on the right hand side periphery of the inner hood 
blank is increased at die displacement 222 mm than that of the 173 mm die 
displacement. 
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Stage 3 

 

Figure 6.13 Comparison of the contact pressures on the blank due to blank- 
holders of four different simulations at die displacement 244 mm. The unit 

of pressure is MPa. 

Figure 6.13 shows the contact pressures on the blanks of four models at 244 
mm die displacement. The contact pressure on both the blanks in Model 1 
and Model 2 at 244 mm die displacement is approximately similar to the 
contact pressure on both the blanks when the die displacement was 173 mm 
and 222 mm. However, in Model 3 the contact pressure on the left hand side 
periphery of the inner hood blank is further decreased and the contact 
pressure on the top and bottom of the inner hood blank periphery is increased. 
In Model 4 the contact pressure on the top left hand side of the inner hood 
blank is reduced. But in Model 4 the contact pressure on top and bottom 
periphery of the inner blanks is less than that of the contact pressure on the 
top and bottom periphery of the inner blank of Model 3 at this stage. 
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Stage 4 

 

Figure 6.14 Comparison of the contact pressures on the blank due to blank- 
holders of four different simulations at die displacement 282 mm. The unit 

of pressure is MPa. 

Figure 6.14 shows the contact pressures on the blanks of four models at 282 
mm die displacement. In stage 4 the Model 1 shows higher contact pressure 
on the outer periphery on the inner blank than the rest of the stages. When 
Model 3 and Model 4 are compared with Model 1 the contact pressure on the 
periphery of the inner hood blanks is different were as the contact pressure 
on the outer blank is similar. When Model 3 is compared with the Model 4 
the contact pressure on the periphery of the inner blank of Model 4 shows 
higher contact pressures than that of the contact pressure exerted on the inner 
blank of Model 3. However, the Model 2 shows completely different contact 
pressure distribution than the other models. 
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Chapter 7 
Analysis and Discussion 

7.1 Hypothesis test model 

The agenda of the hypothesis testing was to test the hypothesis with a small 
LDH model. The model created for the test was rotated in x, y and z axes 
during the simulation. However, a negligible amount of changes was seen in 
the contact pressures on the blanks. There was negligible change in the 
contact pressures because the model was constrained in x and y axes 
translation. But the hypothesis testing was considered positive because it was 
possible to record the data of the movement of the cushion during the 
simulations. 

7.2 Cushion motion in the Model 3 and Model 4 

From Figure 6.5, after punch stroke is started the cushion in Model 1starts to 
move (tilt) in x axis direction towards the outer hood blank-holder. As the 
thickness of the outer blank is 33% less than that of the thickness of the inner 
hood blank and the material of the outer hood blank is harder than that of the 
inner hood blank the drawing force acting on the outer hood blank-holder 
due to the outer hood die is higher than that of the force acting on the inner 
hood blank-holder. Furthermore, the shape, geometries and position of the 
stamping tools can also be the important reason for uneven distribution of the 
drawing force on the blank-holders. 

Figure 6.8 shows the x axis displacement of the node of cushion which is in 
contact with the cushion guides. This plot shows that the cushion is in contact 
with the cushion guides at approximately 245 mm die displacement. After 
that contact the cushion stops to move in the x direction. Due to this contact 
the cushion starts to move in y direction. Due to the cushion displacements 
in x and y axes, the positions of the drawbeads cavity of the blank- holders 
was moved. This change in the position of the drawbeads cavity of the blank-
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holders may lead to higher stresses on the blank areas where the drawbeads 
are in contact with the blank during different stages. 

Figure 6.6 shows the rotation of the cushions center of gravity in x, y and z 
axes. As the rotations in all three axes are approximately equal to zero. So, it 
would be wise to neglect these rotations as the effects of these rotations on 
the contact pressures will be very small. 

In Model 4, The idea of restringing the cushion motion to 0.2 mm by reducing 
the clearance between the cushion and guide rails shows interesting results 
see Figure 6.8. The cushion translation in x and y axes were observed similar 
till the cushion comes in contact with the guide rails but after the contact of 
cushion with the guides, the cushion motion was restricted to 0.2 mm. Due 
to this simulation it was seen that the possibility of reducing the cushion 
motion by adjusting the clearance between the cushion and guide rails is 
higher. 

7.3 Reaction forces on blanks in Model 3 and Model 4 

Figure 6.7 shows the reaction force acting on the blank due to the blank- 
holders when the cushion can move in all DOFs and the clearance between 
the cushion and guide rails was 0.5 mm. After the closing stage the reaction 
force exerted on the outer blank is 1.3 MN and reaction force exerted on the 
inner blank is 1.1 MN ideally it was expected that both the blanks will have 
1.2 MN force but due to the difference in the thicknesses, geometries, shape 
and the material properties of the blanks it shows 9% difference in reaction 
forces. The reaction force is higher on the outer blank due to the force applied 
by the die is more as the thicknesses are different.  

However, during the punch stroke, the cushion starts to move in x direction 
resulting increase in the reaction force on the inner blank (approx. 125 MN) 
and reduction of reaction in outer blank (approx. 115 MN) until the cushion 
is in contact with the guide rails. Approximately 245 mm die displacement 
the cushion touches the guide rails and stops moving in x direction. Due to 
this the reaction forces on the inner blank start to decrease and the reaction 
force on the outer blank starts to increase. From the reaction forces plot 
during the punch stroke, the cushion motion is advantageous to balance the 
reaction forces between the inner and outer hood blank to some extent. But 
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still the balancing is not linear, and it will affect the contact pressure 
distribution. 

In Model 4, The effects till the closing stage were same as that of the Model 
3 on the reaction forces, but when the punch stroke was started the reaction 
force on inner blank was increased and reaction force on the outer blank was 
decreased until the cushion touches the guides at approximately 230 mm die 
displacement. From the Figure 6.8 reduction in the die displacement for the 
cushion to touch the guides is reducing the balancing of reaction forces 
between the inner and outer blank which was seen in the Model 3. And then 
the difference between the reaction forces starts to increase until the end of 
the simulation. This lead to assume that the reduction in the clearance 
between the cushion and guide rails will not help to counterbalance the 
reaction forces. However, from the contact pressure point of view, this may 
help in maintaining the contact pressure distribution. 

7.4 Contact pressures on the blanks 

Figure 6.11 to 6.14 shows the contact pressures exerted on the inner and outer 
blanks due to their respective blank-holders at four different stages. In Model 
1 the blank-holder motion is considered only in the z axis and each blank 
holder has 1.2 MN BHF. From these figures, it can be seen that the contact 
pressure distribution in Model 1 is almost same in both the blanks except, the 
inner blank shows higher contact in the final stage this happens because the 
area of the blank in contact with the blank-holder is reduced due to the 
material fed during the stamping process. 

In Model 2, when both blank-holders are considered as one part with 2.4 MN 
BHF acting on it. The contact pressure distribution is different from the 
Model 1. From Figures 6.11 to 6.14 the contact pressure distribution of the 
outer blank is higher than that of the inner blank this implies that the contact 
between the inner blank and the inner blank-holder is not established evenly. 
This effect may be seen due to the uneven distribution of BHF on both the 
blanks. During the entire stamping process, the contact pressure distribution 
in the Model 2 is almost equal except the final stage which must be the effect 
of the material feed.  
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In Model 3, where cushion motions are not constrained and the clearance 
between the cushion and guide rails is 0.5 mm. From Figure 6.11 to 6.14, a 
small amount of pressure on the left end of the outer blank can be seen in 
stage 1 which is not expected if compared with the Model 1, but this could 
be happened due to the difference in the reaction forces on the inner blank 
and outer blank. However, in stage 2 the contact pressure is reduced on the 
left end of the outer blank. In the inner blank the contact pressure distribution 
is constantly changing this effect is due to the cushion motion. As the cushion 
moves in the x direction, it changes the position of the drawbeads cavity on 
the blank-holders. As the position of the drawbeads cavity is changing 
constantly throughout the punch stroke the contact between the blank and the 
blank-holder will be lost is some areas and the contact pressures on the 
drawbeads will be increased. 

 From Figure 6.13 the contact pressure on the top and bottom ends of the 
inner blank is showing higher contact pressures. this effect is peculiar, but it 
may be due to the motion of cushion in the y direction and the further change 
in position of the drawbeads may be affecting the contact between the inner 
blank and the inner blank-holder. Overall the contact pressure distribution is 
largely affected by the cushion motion. 

 In Model 4, where cushion motions are not constrained and the clearance 
between the cushion and the guide rails is 0.2 mm. the same contact pressure 
distribution is seen for the stage 1 and stage 2 as that of the Model 3 but in 
stage 3 the contact pressures on the top and bottom end of the inner blank is 
reduced than that of the Model 3. This could be happened due to the small 
amount of displacement of the cushion leads to small amount of displacement 
of the drawbeads cavity of the inner hood blank-holder. However, in stage 4 
the contact pressures on the inner blank are higher and the pressure 
distribution is almost even on the inner blank.  

From the comparison of the four models, it can be said that the cushion 
motion is largely affecting the evolution of the contact pressure distribution 
on the stamping tools and blanks. The contact loss between the blank and the 
stamping tools was also observed because of cushion motion, as it changes 
the position of the drawbeads cavity which leads into the contact loss 
between the blank and the stamping tools. So, it is very important to consider 
the realistic cushions and cushion motions in the SMF simulations. 
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7.5 Consideration of cushion in FE-simulation  

Cushion consideration in the two dies and single cushion SMF simulation 
shows very different results from the models where cushion was not used. 
When the cushion was allowed to move in all DOFs in Model 3 and Model 
4 the computational time required was 13 hours and 25 minutes. However, 
the computational time required for the Model 1 and Model 2 was 10 hours 
and 19 minutes. This time difference was seen because the time taken for the 
contact calculations in Model 3 and Model 4 was approximately 17% higher 
than that of time taken for contact calculation in Model 1 and Model 2.  

Even though the computational cost was higher for the models with cushion 
it was seen that this simulation can provide very vital data for the CAE 
engineers to analyse the contact pressure distribution correctly. Simulations 
of SMF with cushion provides the data of cushion motion which can be used 
to take countermeasures to solve the uneven contact pressure distribution 
problem before the tryout phase.    
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Chapter 8 
Conclusion  

In this thesis works four models were created for comparing the effects of 
cushion motion on the contact pressure. The four models were modeled in 
such a way that the different scenarios of the cushion motion can be 
compared with each other. From this thesis work, it was seen that the cushion 
motion largely affects contact pressure distribution on the stamping tools and 
blanks of the two dies and single cushion SMF press. 

From this work, it can be concluded that an FE-model can be created using 
LS-DYNA were the cushion is allowed to move in all DOFs. And this model 
can also be used for analysing the effects of cushion motion of the contact 
pressures of the stamping tools and blanks. 

From the analysis of the four models, it can also be concluded the cushion 
motion affects the evolution of contact pressure distribution of blank in two 
dies and single cushion SMF systems. Furthermore, reduction of the 
clearance between the cushion and guide rails can help in reducing the 
uneven contact pressure distribution on blanks. However, the reduction of 
the clearance does not help in balancing the reaction forces on the blank. Due 
to this effect it can also be conclude that the uneven BHF can be the remedy 
for the uneven contact pressure distribution.   
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Chapter 9 
Future works 

9.1 Balancing the reaction force on the blank due to 
blank-holders 

From the above thesis work, it was observed that the cushion motion affects 
the contact pressure distribution in the two dies and single cushion SMF press 
simulation. And this happens due to the uneven reaction forces exerted on 
the blanks due to the blank holders. Using the Model 3 few simulations can 
be performed so that the different cushion cylinders can be pressurized with 
different amounts of forces to optimize the reaction forces exerted on the 
blanks by controlling the cushion motion. For performing this kind of 
simulation few changes can be done in the Model 3 so that the balancing of 
drawing forces can be done.  

9.2 Elastic cushion and cushion guide 

As the gap between the cushion and cushion guides was just 0.5 mm but still 
the effects were considerable. If the elastic cushion will be used for such 
simulation an exact behaviour of the cushion motion can be predicted and its 
effects could be analysed on the contact pressures. 
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Appendix 
A. Material properties of inner hood blank 
The following table shows the material properties used for the inner hood 
blank. 

Parameter Value Units 
RO (Density) 2700 Kg/m3 

E (Young’s Modulus) 70 GPa 
PR (Poisson’s ratio) 0.3  
A (Flow potential exponent) 6.699  
AOPT (Material axes) 2  
SIG00 100.8 MPa 
SIG45 97.599 MPa 
SIG90 97.199 MPa 
SIGXX 91.599 MPa 
SIGYY 91.599 MPa 
SIGXY 0 MPa 
DXX 1  
DYY -1.028  
DXY 0  
R00 0.682  
R45 0.571  
R90 0.612  

Hardening curve used for the inner blank material 
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B. Material properties of outer hood blank 
Parameter Value Units 
RO (Density) 2700 Kg/m3 

E (Young’s Modulus) 70 GPa 
PR (Poisson’s ratio) 0.3  
A (Flow potential exponent) 5.599  
AOPT (Material axes) 2  
SIG00 117.8 MPa 
SIG45 118 MPa 
SIG90 117.7 MPa 
SIGXX 108.8 MPa 
SIGYY 108.8 MPa 
SIGXY 0 MPa 
DXX 1  
DYY -1.018  
DXY 0  
R00 0.759  
R45 0.483  
R90 0.709  

Hardening curve used for the inner blank material 

 

 






