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Abstract 

Composite materials are playing an essential role in construction industries, 
automobile industries, and mechanical industries which have better physical 
properties than original materials. Hybrix material is a kind of Composite 
sandwich material which have better properties like lightweight, durable, eco-
friendly than original material. In an attempt to prove the quality in finite 
element analysis Hybrix material, creating a numerical tool to simulate the 
metal forming conditions. Spring back effect and residual stress are also taken 
into account in the method.  
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Summary 

Composite materials are a good substitute for the original material in this 
modern world. A reputed company made a sandwich material which named 
as Hybrix which have two-layer sheet metal in between metal-polymer fibers. 
For this study, chosen material for the bottom layer and the top layer is steel. 
The study work aims to develop a numerical tool of this sandwich material 
Hybrix to conducting metal forming simulations. 

Making a numerical tool, especially for fiber, are investigated. Effect of spring 
back after the simulation and also the residual stress generation is examined. 

A python script was chosen in order to make a numerical tool so that the 
python script can combine with GUI of simulation software Abaqus which is 
used to simulate metal forming of Hybrix. DP600 is chosen as the material 
for the top and bottom layer. Two complex die part, forming simulation 
procedures were done in Abaqus software and created a python script of the 
whole procedure so that the time consumption was reduced. 

It has been shown that it is possible to create a numerical tool to simulate 
metal forming of Hybrix, and it is possible to create many fibers. Residual 
stress is generated mainly on the sharp edges or curves of the sheet, and it is 
varying for each complex part 1 and 2. Spring back effect is also affected on 
each complex part 1 and 2 by dimension accuracy and wrinkles.          

 

Keywords 

FEM Analysis, Abaqus, Python Script, Hybrix, Metal Forming, Sandwich 
Material, Process Simulation 
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1 Introduction 

The industrial revolution, which began in 1760, paved the way for the new 
manufacturing process, going from handmade processes to machinery. Then 
there happened to be the growth of steel, which played an essential role in the 
industrial revolution. Then came aluminum, and as we know, it does not occur 
naturally in the environment. It went on a journey from a rare metal to one 
of the most used by the humans in every aspect. Moreover, now when we are 
on the infancy of the 21st century, engineers all over the world are developing 
materials which are a combination of different metals, and they believed this 
material would give the properties combined, of all those metals and into an 
extraordinary piece of an engineering marvel. 

This combination of material is called by different names, sandwich, blend, 
admixture, but they are technically termed as composites meaning the 
combination of materials of different properties. This present thesis will deal 
modeling of a sheet metal-fiber composite and FEA analysis with 
experimental validation.     

1.1 Background  

Nowadays, it is not just plane steel and aluminum, but the world and the 
research have developed into using a mix of materials. Also, competition has 
started to rise even between the different composites available now. Even the 
composite materials are developed and used widely.  

The study is done on a trademarked hybrid material, which goes by the name 
HybrixTM and is being manufactured by the Lamera AB. The company 
develops manufactures and market lightweight sandwich materials. This 
material is a combination of two sheet metals which can be aluminum or steel 
and in-between the sheet metals we have millions of microscopic fibers 
surrounded by air in-between and around. The look, feel, and behavior is the 
same as that of conventional sheet metal, but it weighs less than half as much. 
At present, we have fiber-reinforced plastics made of a polymer matrix 
reinforced with fiber. Any material is supposed to behave in a particular 
manner to different forces when acted upon it, and this behavior is analyzed 
and learned. So is the composite material HybrixTM. The HybrixTM is lightly 
weighted compared to steel and aluminium. This study is done to examine the 
behavior of HybrixTM material in different metal forming processes and how 
to see how they are compared to the other composites.  

The HybrixTM weighs about half of the traditional steel used, and this is the 
very reason why analysis, both numerical and experimental has to be done. 
Therefore, it is relevant to carry out this study to find out the different 
characteristics when subjected to forming conditions.  

1.2 Purpose and research questions 

The purpose of this study, to be said in simple words, is to make a numerical 
tool which is helpful for the simulation and analyze how the HybrixTM material 
behaves under the metal forming conditions. Moreover, by doing so, it can 
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be used for manufacturing processes of various components in the 
automobile industry, aerospace industry, and in the luggage industry. After 
finding out that the HybrixTM have a good advantage over steel in terms of 
weight, it is now time to expose it to the stress and strains.  

We have chosen Abaqus CAE for modeling our HybrixTM composite material 
and to carry out the simulation. The composite modeled is investigated by 
exposing it to the various forces, which occurs in different forming processes. 
Like in every FEA simulations, each element of the model is checked, as they 
are made of different materials, each part shows a behavior that is not like the 
others.  

Research Questions: 

 Is it possible to make a tool which makes ease for the simulation? 

 How is the HybrixTM material more fitting than conventional sheet 
metal and other composites? 

 How is the spring-back effect will affect the HybrixTM ?    
  

Now, we know that the HybrixTM is made of sheet metal and fiber and air 
mixture in between. The question arises obviously about the air entrapped in 
the fiber and how does it affect the material in such a way that, will it be 
deviated from its original purpose due to this. However, it was understood by 
mere observation, that the air does not have much effect or no effect at all, as 
it will be displaced in and out. Moving on, after having developed a model of 
the material, we should analyze the structure and exposing it to various metal 
forming conditions, like bending, for example. After having done the 
simulation first, we study the results thoroughly.  

 

1.3 Delimitations 

In this report, the main focus is on making a numerical tool for Hybrix 
material for metal forming simulations. No regards are taken to do the 
experiments for the validation between experimental data and simulation data. 
Python script which is developed to make the numerical tool is confidential 
so that it is not mentioned in this report, but  a rough explanation is 
mentioned.   
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1.4 Outline 

The thesis starts with an overview of various theories related to the study like, 
plasticity, the effect of the material property on forming is presented in the 
paper. This is followed by methods applied to answer the questions and solve 
the problems mentioned in the research questions. The results from this are 
presented and explained briefly, along with discussions and conclusions 
followed by future work that can be carried out. 
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2 Theoretical background 

 

2.1 HybrixTM 

HybrixTM, a unique patented material developed by a company LAMERA 
have a very thin (0.7 - 2.1 mm) metal micro-sandwich that is strong, formable, 
light and weighs between 1.5 - 3.9 kg/m2. The material is hollow and contains 
air and millions of microscopic fibers that bind the surfaces together. The 
unique structure of the individual fibers makes the material strong and light, 
yet very formable using a conventional metal press or hydroforming 
tools. Unlike conventional lightweight sandwich materials, HybrixTM can be 
shaped into compound curves, such as organic forms or the shape of 
a molded briefcase. The look, feel, and behavior has essential application in 
building, industry, transport. 
 

 

 

 
                                   Figure 2.1: Hybrix [1] 

 

Hybrix ™ is an umbrella trademark for a propelled lightweight material, 
which is delivering by Lamera AB. The utilization of cutting edge multilayer 
material prompts unlimited conceivable outcomes to make the item 
lightweight and keep up firmness in correlation with the comparing solid 
sheet metal. (Up to half weight sparing) The sandwich material is a meager 
(0.5 - 3.5 mm) with a complete load of 1.0 to 8.5 kg/m² (contingent upon 
the setup). The extraordinary interface between center setup and face 
materials makes the Hybrix ™ material formable as a traditional lightweight 
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sandwich material. The licensed macro-scale sandwich configuration gives 
excellent protection and hosing properties[1]. 

2.1.1 Area of products 

Industries, Building, Transport, are the main areas were the material is 
ruling. The principal objective for Hybrix ™ is to furnish a reliable and 
adaptable material with fundamentally lower weight contrasted with 
standard material to fulfill advertising need. Hybrix ™ innovation presents 
to 75% weight decrease contrasted with steel, which is broadly utilized 
today. The vast weight decrease is empowered through the licensed 
innovation, which incorporates unique infinitesimal strands making the 
material more grounded, yet truly formable for various necessities[1]. 

Benefits for industrial, building, automotive applications, 

 30-75% weightless maintaining during the bending stiffness. 

 High bending stiffness per unit weight. 

 Excellent formability 

 Appropriate for large scale manufacturing 

 Environmental friendly products. 

 Varieties of sheet metal can be used a face material 

 Less cost for the installation and material handling due to less weight 
and intelligent design. 

 High adaptability. 

 Certified fire protection. 

 Lightweight provides less fuel consumption. 

 Less CO2 footprint. 

Wide area applications, 

 Home appliances. 

 Packaging cases. 

 Self-supporting roof panel system. 

 Ceiling panels. 

 Panels and body components in cars. 

 Underbody components[1]. 
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2.2 Sheet Metal Forming 

Metal forming is one manufacturing strategy among many. So as to produce 
a machine part, for example, wheel suspension arm for a vehicle, one can 
pick metal forming, casting, or machining as the molding technique. These 
three forming techniques can be considered as going after the procedure. 
The strategy picked will more often than not be the one that gives an item, 
with appropriate capacity and properties, at the most reduced expense. Sheet 
Metal Forming is an essential process for the making of the automobile, 
domestic appliances, aircraft, food, and bottle cans and other familiar 
products. The materials used for the sheet metal parts have higher elastic 
modulus and yield strength. So that the components produced can be stiff 
and have an excellent strength-to-weight ratio.  

 

2.2.1 Sheet Metal Characteristics and Formability 

 

The main characteristics which are essential in sheet metal forming 
operations, 

1. Elongation: decides the capacity of the sheet metal to extend 
without necking and failure. It depends on the high strain-
hardening exponent and strain-rate sensitivity exponent. 

2. Anisotropy: decides diminishing conduct of sheet metal during 
stretching. 

3. Grain size: determines the surface roughness after stretching of 
sheet metal. 

4. Residual stresses: because of non-uniform deformation during the 
forming process, it can lead to stress-corrosion cracking. It can be 
eliminated or reduced by stress relieving. 

5. Spring back: after unloading, the plastically deformed sheet will 
undergo an elastic recovery. Because of this condition, 
dimensional changes will occur. 

6. Wrinkling: During the forming process, compressive stress will 
occur on the sheet and can be maintained by proper die design[3]. 
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2.2.3 Common forming process 

 

Bending: 

Bending is a standout amongst the most widely recognized modern forming 
tasks. We only need to take a gander at a vehicle body, apparatus, paper 
clasp, or file organizer to acknowledge what number of parts are formed by 
bowing. Moreover, stiffness likewise confers solidness to the part by 
expanding its moment of inertia. 

The terminology utilized in the bending of a sheet is given in the figure 
mentioned below. While bending the outer materials are in tension, and the 
inner materials are in compression, and the width of the outer region 
become smaller and inner region become larger because of Poisson effect. 

               

                         Figure 2.2: Mechanics of Bending[3] 

 

The bend allowance, Lb is the neutral axis length in the bend and which is to 
determine the length of blank to be bent. So the neutral axis depends on the 
radius and bend angle. The formula for the bend allowance is 

 Lb  =  α (R +kT ) 

Where α is the bend angle in Radians, T is the thickness, R is bend radius, 
and the constant k ranges from 0.33 (R<2T) to 0.55(R>2T) [3]. 

 

Minimum bend radius 

It is the minimum bend radius at which the crack appears at outer region 
during bent. The engineering strain on the outside and inner material of a 
sheet during bending is 
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e = T( 1/(2𝑹/𝑻) + 1)) 

The crack will develop if the ratio between bend radius to the thickness 
decreases and the tensile strain at the outer material increase.  

The minimum bend radius, R , approximately,  

 R = T ((50/r)-1) 

Where r is the tensile reduction of the area of sheet metal [3].                                          

The most straightforward forming process made a straight line bend, as 
shown in the below figure. In that bend region, plastic deformation mainly 
occurs and materials away from the bend not deformed. In the outside bend 
surface, cracking may appear if the material lacks ductility. Getting an 
accurate and repeatable bending angle was very difficult[2]. 

                                       

                              Figure 2.3: V-Shaped Bend[2] 

 

In press-brake forming, punch moves down and force the sheet into a V-
shaped die, as shown in the below figure. 

  

 

                               Figure 2.4: Press Brake Forming[2] 

 

If the bend is not on a perpendicular line, or the sheet is not smooth, plastic 
deformation occurs both in the bend and the fastening sheet[2]. 

 

Springback  

When the load is removed after bending or any metal forming process, the 
blank undergoes some elastic recovery of the plastically deformed sheet. 
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                   Figure 2.5: Mechanism of Spring Back[3] 

 

From the above figure showing that the bend angle after spring back will be 
smaller than the bend angle which the part was bent and the bend radius 
after spring back is larger than before spring back occurs.  

The spring back can be calculated in terms of radii which is before and after 
the spring back, Ri and Rf. 

 

Ri/Rf = 4 ( (RiY) / (ET) )3 -3 ( (RiY) / (ET) ) + 1 

 

If R/T ratio and yield stress, Y of the material increase and elastic 
modoulus, E decreases, the spring back will increases[3]. 

 

Deep Drawing: 

In this process, the parts formed by stretching together with the punch 
although some material encompassing the sides may draw inwards from the 
flange. For deep drawing, much more materials pull inwards to form the 
side and create deeper parts., Blank holders were used to avoid flange from 
buckling, and the force gave to blank holder was same as punch force.  

 

 

                                   Figure 2.6: Deep  Drawing[2] 
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2.3 Non-Linear Continuum Mechanics 

 

Continuum mechanics is a mathematical study of solid deformations and 
related stress.  

 

2.3.1 Description of Deformation 

 

                Figure 2.7: The Motion of a Deformable Body[4]. 

 

The above figure shows the deformable body motion in general. Consider 
the body being in an assemblage of material particles in the coordinates X, 
concerning the Cartesian basis EI and the initial time t = 0. After applying a 
load, these particles get deformed, and the current positions are located, at 
time = t, by the coordinates x concerning the new Cartesian basis ei. The 
deformation can be mathematically described by mapping ø considering the 
initial and current position as 

  

x = ø ( X,t )                                                                                            (2.1)                                                                      

The above equation represents the mapping between deformed and 
undeformed body particles for a fixed value of t. Also, from the equation, X 
explains the motion of the particles as a function of time. In minute distortion 
investigation, the displacement x-X thought to be little in correlation with the 
components of the body, and geometrical changes are overlooked[4].     
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  These are the mathematical description of the deformation of a continuous 
body, Lagrangian description, and Eulerian description are other names of material 
and spatial descriptions. In other words, consider a quantity, such as density 
and portrayed as far as where the body was before deforming or where it is 
during disfigurement. So, before deforming it is called material description, 
and during deformation, it is called a spatial description. A material description 
concerning the material particle behavior and spatial description concerning 
the spatial position. 

Consider the current density ρ of the material, which is a scalar quantity to 
explain the difference between the material and spatial description: 

 Material description:  The material particle at time t=0 positioned in 
the original coordinate X described the variation of ρ over the body as 

 

ρ = ρ (X.t ).                                                                                                     (2.2) 

 

 Spatial description: After deformation, the material particle currently 
occupied at time t, and the density ρ is described concerning the 
position in space x as 

 

ρ = ρ (x.t ).                                                                                                       (2.3) 

 

From the equation (2.2) a change in time implies that the same material 
particle X has a different density. However, from the equation (2.3), a change 
in the time mentioning that a different density is observed at the same spatial 
position x, occupied by different particle. The material description can be 
acquired from a spatial description from the deformation equation (2.1) as 

   

ρ (X.t ) = ρ(ø ( X,t ),t )                                                                                    (2.4) 

 

Certain scalar quantities are associated with the current or initial configuration 
of the body, which is, regardless of whether they are materially or spatially 
described[5]. 

The relative spatial position of two particles after deformation empowers the 
key quantity Deformation Gradient F, mentioned in terms of their relative 
material position before deformation.  The deformation gradient can be 
defined as, 

F = ∂ø / ∂X  =  ∇0 ø                                                                               (2.5) 
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The initial vectors in the reference configuration can be transformed into 
vectors in the current configuration by the deformation gradient F. 

dx1 = FdX1                                                                                                (2.6) 

dx2 = FdX2                                                                                                  (2.7) 

From the above equations, the element vectors dx1 and dx2 can be gotten in 
terms of dX1 and dX2[4]. 

The Cauchy-Lagrange strain tensor concerning the initial configuration and 
spatial Euler-Almansi strain tensor defined below as equation (2.8) and (2.9) 
[5] 

 E = ½(C-1)                                                                                            (2.8) 

 e = ½ (I-b-1)                                                                                            (2.9) 

 

2.3.2 Stress Measures 
 

Let the deformed body be cut by a plane which passes any given point x at a 
time t. The unit vector n at x directed outward normal to the surface element 
ds. A resultant force df is acting on the surface element ds located on a current 
configuration of the body, then the definition of Cauchy traction vector t is 
expressed as 
 
df=tds=TdS                                                                                          (2.10) 
                                                                           
Here t gives the force measured per unit area in the current configuration 
which is exerted on ds with outward normal n from the surface element ds. 
The first Piola-Kirchhoff traction vector is representing the T, which 
measured by the surface area defined in the reference configuration and the 
same direction as the vector t and dS and N referred to the reference 
configuration. 
According to Cauchy’s  stress theorem, 
 
t(x,t,n)= σ(x,t)n                                                                                                                 (2.11) 
 
T(X,t,N)=P(X,t)N                                                                                 (2.12)                                                               
 
From equation (2.11), σ denotes asymmetric spatial tensor field called Cauchy 
stress tensor. The P in the equation (2.12) represents the tensor field called 
first Piola-Kirchhoff stress tensor. The stress vector t can be a linear function 
to the Cauchy stress tensor and the normal vector n.  



Theoretical background 

17 

First Piola Kirchhoff stress tensor is related to the Cauchy stress tensor using 
Nanson’s formula by combining the equations (2.10), (2.11), and (2.12), P 
may be written as[5]    
 
P=JσF-T                                                                                                 (2.13) 
                                                     
  

2.4 Materials Behavior 

 

In this section explaining about the elastic and plastic behavior of the material. 

 

2.4.1 Elasticity 

 

Elasticity consist of several models of elastic behavior[5]: 

 Linear Elasticity 

 Porous Elasticity 

 Hyperelasticity 

 Anisotropic Hyperelasticity 

 Viscoelasticity 

 

Linear Elasticity 

 

σ = F/A                                                                                                                       (2.14) 

                                                                                                                                                                        

The above equation gives the longitudinal (true) stress when a specimen with 
its one end is fixed, and another end is under load. So this longitudinal stress 
will yield the specimen the on the balanced force, where F is the applied force, 
and A is the cross-sectional area of the specimen. So consider the initial area 
A0, then obtaining engineering stress as, 

 

σe  = F/A0                                                                                               (2.15)                                                                                                                                                                                                                                                      

So, the true strain is defined as 

 

ε =  ∫
𝑑𝒍

𝒍

𝑙

𝑙𝑜
  = ln(l/l0)                                                                                (2.16) 
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Where l is the original length before loading and dl is the change in length 
after loading. 

So by Hooke’s law, the linear elastic behavior is defined as in the below 
equation. 

σ = E ε                                                                                                    (2.17) 

Where E is Young’s modulus[6]. 

  

Generalized Hooke’s Law 

 

 σij=Dijklεkl                                                                                                                     (2.18)                                                                                           

 

The above equation mathematically explains the generalized Hooke’s Law, 
which implies that the component of stress at a point is a linear function of 
the strain component at the point in a linear elastic medium, where σij and єij 
are the stress and strain tensor components, respectively. The Dijkl is a tensor, 
which characterizes the elastic property of the medium[6]. 

 

Isotropic Elasticity 

 

σαα=3Kεαα                                                                                                                                   (2.19) 

σ’ij=2Gε’ij                                                                                                                                  (2.20)    

                                                                                                      

The above equation explains the generalized Hooke’s law for isotropic solids, 
where K and G are bulk modulus and shear modulus, which is elastic 
constants. Combination of the above equation yields the forms of Hooke’s 
law for stress tensor in terms of strain and strain tensor in terms of stress 
shown below respectively,  

σij= λεαα δij+ 2Gεij                                                                                                             (2.21) 

εij=((1+v)E)σij-(v/E)σααδij                                                                                              (2.22) 

Where the λ and G are the Lame’s constant and E is Young’s modulus while 
v is the Poisson’s ratio. 

εxx=1/E[σxx –v(σyy + σzz )]                                                                                             (2.23) 

εyy=1/E[σyy –v(σxx + σzz )]                                                                                              (2.24) 

εzz=1/E[σzz –v(σxx + σyy )]                                                                                            (2.25) 

εxy = 1/2G (σxy)                                                                                                                   (2.26) 
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εyz = 1/2G (σyz)                                                                                                                        (2.27) 

εzx = 1/2G (σzx)                                                                                                                         (2.28) 

 

The above equations are the constitutive behavior isotropic elastic solid in a 
rectangular Cartesian coordintes[6].  

    

2.4.2 Plasticity 

 

The material behavior is elastic or that the response is linear up to the yield 
strength σ0, and the plastic behavior begins at this point, where the response 
is no longer linear. When it goes beyond the yield strength point, the 
deformation is permanent, and there is no going back to the original shape. 
Hence, this theory is concerned about the stresses and strain to describe the 
plastic deformation of materials.  

 

 

                                         Figure 2.8: Plasticity[7] 

 

Theory of Yield Criteria 

 

When the material cannot take any more stress, the failure of material 
condition will occur. Failure theory is needed to make assumptions on each 
material behavior since it is impractical to test every material in the case of 
multidimensional stress.  

The main failure theories are: 

 Maximum-Stress Criterion (Rankine) 

 Maximum-Shear-Stress Criterion (Tresca) 
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 Maximum-Distortion-Energy Criterion (von Mises) 

 

Maximum-Stress Criterion (Rankine) 

For Maximum normal stress theory, failures occur when the principal stress 
is equal to yield strength. Since σ1 >  σ2 >  σ3, the failures occurs at σ1 = σy[7]. 

 

Maximum-Shear-Stress Criterion (Tresca) 

In this Criterion, the failure occurs when the maximum shear stress during 
deformation reaches a value equal to the highest shear stress at the 
beginning of flow in uniaxial tension.  

τmax =  (σ1 – σ2)/2                                                                                   (2.29) 

At the beginning of the plastic flow, 

σ1 = σ0                                                                                                                 (2.30) 

 

σ2 = σ3=0                                                                                                 (2.31) 

 

Therefore, 

τmax =  σ0/2                                                                                           (2.32) 

 

σ0 = σ1 – σ3                                                                                               (2.33) 

 

So the failure is specified in above equation[9]. 

 

Maximum-Distortion-Energy Criterion (von Mises) 

 

√2/2 [(σ1 – σ2 )2 + (σ1 – σ3 )2 + (σ2 – σ3 )2]1/2> σ0                                  (2.34)                                                                                                                                                                                                                      

 

The above equation is showing that when the von Mises stress reaches higher 
than the yield strength of uniaxial tension, then the material will plastically 
flow. 

 

J2 = 1/6[(σ1 – σ2 )2 + (σ1 – σ3 )2 + (σ2 – σ3 )2]                                          (2.35) 
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J2 is the term for the second invariant of the deviatoric stress and expressed 
in the above equation[7]. 

 

 

    Figure 2.9: Comparison of Rankine’s, von Mises, and Tresca’s criteria[7]  

 

Johnson-Cook plasticity 

 

The stress and strain relationship of materials under large deformation, high 
strain rate, and high-temperature condition can be described using the 
Johnson-Cook model. This model is used to predict the flow properties of 
materials[11].   

 

σ0  = [A + B(εpl)n] (1-θm)                                                                                              (2.36) 

 

The above equation describes the Johnson-Cook hardening, where σ0 is the 
equivalent stress[8]. 

 

Also, ε is the equivalent plastic strain, A is the yield stress of the material, B 
is the strain hardening constant, n is the strain hardening coefficient, and m 
is the thermal softening coefficient. 

The nondimensional temperature is defined as, 
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The material parameters measured below or at the transition temperature 
θtransition, where θ is the current temperature, and θmelt is the melting 
temperature[8]. 

 

2.5 Abaqus 

Abaqus is a software, which is used for finite element analysis. The problem 
consists of linear, nonlinear, and contact can be done in Abaqus using the 
various analytical module. The main analytical modules are 

 Abaqus/Standard 

 Abaqus/Explicit 

 Abaqus/CFD 

There are other analytical modules also available, which is used to solve the 
real-life problems according to the Finite Element Method. 

 

2.4.1 Overview 

The figure below mentioned various procedures during a simulation process 
for each analytical module. 

            

                           Figure 2.10: Procedures for simulation[9]   
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The Units used for each quantity which are involved in assigning properties 
for the problem are mentioned in the below figure. 

 

                               

                                  Table 2.1: Unit conversion in Abaqus[10] 

 

2.4.2 Explicit analysis 

The Explicit analyses can be used to perform Quasi-Static analyses with 
complicated contact conditions and efficient to perform the analysis of large 
models with short dynamic response times. For the sheet metal forming 
problems, Dynamic Explicit analysis has a good advantage because of the 
contact domination on the solution and local instabilities may form due to 
wrinkling of the sheet.[11]   

 

2.4.3 Types of Elements for Modeling 

The elements are categorized as below, and they are many, so this part of 
the chapter will give an introduction of the types of elements and will not be 
going through briefly just to get a notion of the topic and for a better follow 
up in the report.  

ELEMENT TYPES

 SOLID ELEMENTS
 AXYSIMMETRIC ELEMENTS
 TRIANGULAR, TETRAHEDRAL, WEDGE 

ELEMENTS
 GENERALIZED PLAIN ELEMENTS

CONTINUUM ELEMENTS

 EULER BERNOULLI 
 HYBRID ELEMENTS
 MASS AND INERTIA FOR TIMOSHENKO 

BEAMS
 MESHED BEAM CROSS-SECTION

BEAM ELEMENTS

 AXISYMMETRIC SHELL ELEMENTS
 TRIANGULAR FACET 
 SMALL STRAIN SHELL ELEMENTS
 SHEAR FLEXIBLE ELEMENTS

SHELL ELEMENTS

 AXISYMMERIC MEMBRANES
 MEMBRANE ELEMENTS
 TRUSS ELEMENTS

MEMBRANE AND TRUSS 
ELEMENTS

 

Figure 2.11: Element Families and Their Sub-Categories[11] 
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The element categories are shown in a pictorial representation for a quick 
look. The Abaqus provides the user with powerful set of tools, here the 
elements to solve a wide variety of problems. In this section,  discussing 
briefly continuum, shell, and beam elements as they are used in the 
upcoming chapters.  

 

 
                 Figure 2.12: Commonly used Element Families[11] 
 

First, the explanation about the continuum elements which includes solid 
and fluid elements. The solid elements are the so-called “standard volume 
elements of Abaqus” (Abaqus Analysis User’s Guide 28.1.1). The application 
involves linear analysis, a complex nonlinear analysis, which involves plasticity 
and large deformations. This chapter will not be going into the details as it 
would be impossible and unnecessary. 
 
Now, the next element type in continuum category is called the fluid elements. 
They are used to “define a fluid domain or a solid section to define a solid 
domain in an Abaqus/CFD heat transfer analysis.  
 
Now coming into the next element family, i.e., the shell elements, have two 
sub-categories continuum shell elements and common shell elements. The 
shell element is one of the two categories of the solid-shell element duo. Now 
they are a different advantage on choosing shell over solid and vice versa. The 
use of shell elements come into play when the thickness of the model is to be 
a lot less thick, i.e., compared to other dimensions. The comparison is 
picturized in the figure below[11]. 
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Figure2.13: Comparison between Conventional and Continuum Shell 
Elements[11] 

 

It is now moving onto the next category, which is the beam elements. The 
Abaqus Analysis User’s Guide states beam element as “a one-dimensional line 
element in three-dimensional space or X-Y plane that has stiffness associated 
with deformation of the line (the beams axis).” The beam profile is something 
that should be understood next. The profile can be of a variety of shape like 
box, pipe, circular, rectangular, hexagonal, trapezoidal. 
 

 
Figure 2.14: An illustration of a 2-node and 3-node Beam Element[11] 

 

 
The figure shows a beam, but remember the beam need not always be of the 
shape given above, but it can also be like a hexagon or trapezoid as mentioned 
before. However, the nodes will always be the center of the respective figure, 
center of the circle or center of the hexagon — the second figure shows that 
of a 3-noded beam. Now why the extra node is because, that point is in 
contact/connected with another body, whereas in the 2-node element, the 
two ends are the only one in contact/connection with another body. 
There are a variety of options for one to choose from when it comes to the 
element type for modeling the product in ABAQUS. In the previous chapter, 
it was discussed about the various choices that are available when it comes to 
the element types. It included a continuum, beam, and shell-type[11].  
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Here, one of the reasons for choosing a shell element approach is because the 
thickness of the sheet plates is comparatively less considering the 
length/other dimensions. The one other reason for using a shell element 
approach is because it can do much saving in computational time. 

 

                          

                             Figure 2.15: Element classification[11] 

 

The figure above shows the h/L ratio and how this can be compared with the 
shell and solid elements. It says when the h/L, where the h is the thickness 
and L is the length of the model, is high, meaning the thickness is too much, 
it is preferable to use the solid element approach. Moreover, when the 
thickness is too less, like in this case, where the thickness is less than the 
length, which means h/L ratio is less, the shell element approach is preferable. 

Now, in the case of fibers, which also should be assigned an element. The 
fibers, on the first look, have the looks of a beam, so it is quite easy to go 
directly into the approach of beam elements. The beam and sheets made using 
shell element will look so thin, but they can be rendered and can be seen for 
in like a solid element using the scaling option. The rendering depends on the 
beam profile and the shell thickness given[11]. 
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3 Method and implementation 

This chapter will give an insight into the methods and how they are connected 
to the theory described in the previous chapters. The figure below mentioning 
the flow chart of the process described in this report. 

 

         

                      Figure 3.1: Method and Implementation Flowchart 

 

3.1 Abaqus for Modelling and Simulation 

 

3.1.1 Numerical Modelling Of HybrixTM 

The method or the tool used here is ABAQUS, to conduct finite element 
analysis on the HYBRIXTM sheet. One of the challenges faced during the 
modeling was that of the fibers. Because they had to be random and of 
different angles aligned to the two sheets on each side. In the HYBRIXTM the 
fibers are arranged thickly and not in a regular pattern.  

Using python script to make the fibers as it would help to make a large 
number of fibers by typing a for loop code in the script the number of fibers 
one needs and generating beams which are randomly arranged with random 
angles using a random function which loops until the given range.  Thus that 
challenge was overcome using the python script. It was by running the python 
script, the fibers and the two sheet metals were modeled for Abaqus 
simulation.  
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Whereas the rest of the specification like meshing, material specification, were 
done using ABAQUS CAE and using macro function generating the python 
script of all input data which is used to do the simulations.This script will help 
to reduce the time consumption, which would take to make initial settings of 
simulation.       

 

 

                  Figure 3.2: Several Fibers Aligned in Different Angles  

 

How the coding proceeds is, first the fibers are made as we can see in the 
above figure which is defined inside a boundary where the fibers are confined 
to, i.e. no fibers will be created outside the boundary. The boundary defined 
the size of the composite material and will be the same size as that of for the 
top and bottom sheet and also if we want to change the boundary, the script 
will help to change. 

 

 

 Figure 3.3: Randomly Arranged Fibers with Top and Bottom Sheets 
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Figure 3.4: A Different View of the Top and Bottom Sheets  

 

From the specimen which got from the supervisor have the dimension of 
1000mm square plate, and it contains two lakh fibers. So the plan was to scale 
the dimension to 100mm square plate with twenty thousand fibers. Using a 
Python script, made twenty thousand fiber for the analysis. A complicated 
approach like in forming it into complex shape was out of the question. The 
first task was to bend the HYBRIXTM modeled as above, using the traditional 
technique, that is using a V-punch to push it inwards to a V-die.  

 

 

 

Figure 3.5: Rendered (right) Beam Profile with the given Circular Profile 
Radius 

The sheet metal can also be viewed in the same way by rendering when a shell 
thickness has been specified.  
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Material Assignment 

After making the sheet and fiber, the next step is to assign the material 
property to them. DP600, high strength Steel is the material chosen for the 
sheet.     

 

 

Physical properties Metric 

Density 7.87 g/cc 

Mechanical Properties Metric 

Tensile Strength, Ultimate   600-700Mpa 

Tensile Strength, Yield >=500 

 350-440Mpa 

@strain 0.200% 

Elongation at Break >=16% 

Bend Radius, Minimum  >=0.00t 

@Thickness 3.2mm 

              Table 3.1: Material property of DP600(12) 

    

For the fiber, the chosen material is stainless steel metal fiber polymer.   

      

 

             Table 3.2:Material property of metal fiber(13) 
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Meshing of the Parts 

 

Once the part has modeled, that part has to mesh. Moreover, it is in the mesh 
module in Abaqus to assign or choose the element types. The output of the 
simulation will depend on how proper the meshing is. Meshing can be extra 
coarse, medium, fine, and extra fine. Now, this mesh density all depends on 
how good the seeding is, i.e. if a proper seeding has been done is essential.  

If the meshing is not taken good care of there is a huge chance that if different 
parts move against each other, then there will be penetration and this is going 
to affect the output of the simulation.  

 

                                                    

                                        Figure 3.6: Setting the Global Size of Mesh  

 

 

 

Figure 3.7: Seeding of the Sheet Metal before Meshing 
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Figure 3.8: Sheet Plate after Meshing 

 

Linear four side shell element (S4R) is assigned for the top and bottom sheet.  
For the fiber, two-node linear beam element(B31) is used. It is quite simple 
to do as one just have to go into the respective modules, but it is the right 
amount of seeding and where to give a fine mesh which is tricky at times. 
More detailed meshing and seeding briefing will be discussed as the chapter 
proceeds further. 

 

3.2 Modeling and Simulation of Complex part 1 

 

Figure 3.11 is showing the die for the forming process to be done in Abaqus. 
The die and punch assigned to the discrete rigid constraint, so that the 
deformation consider to be negligible. While giving the boundary condition, 
the die was restrained to the translation and rotational movement in all the 
three-axis directions in order to make the die immovable. The punch was 
restrained only in two vertical axis direction and allow a displacement of 19.5 
mm in the horizontal direction. For the Hybrix material, no boundary 
conditions are assigned so that it can behave freely with the punch 
displacement. 

The discrete rigid models were assigned by A 4-node 3-D bilinear rigid 
quadrilateral(R3D4) mesh elements. So the total number of elements were 
used in the model is 27990, and the node is 88300. When coming to the 
interaction property, the contact with punch surface, which contacts with the 
surface of the top layer sheet was assigned with no friction property. Also for 
the die surface and bottom layer sheet was assigned with contact property 
with less frictional value.       
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The second objective was to analyze the behavior of the Hybrix sheet when 
it comes to complex shape. The chosen complex shape was almost similar to 
an ashtray which, designed in CATIA V5 and imported to Abaqus using part 
import option. 

 

                           

                         Figure 3.9: Die for forming Complex part 1 

 

     

                         Figure 3.10: Assembled view of Complex Part 1 
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The blue color is showing the punch, red color is showing the die, and the 
green color is showing the Hybrix sheet. The assembly module is used to 
assemble the model, in that translate and rotation tools are mainly used for 
the assembly.   

  

3.3 Modeling and Simulation of Complex part 2 

 

 

           

                   Figure 3.11: Die used for the Making Complex Part 2. 

The above figure 3.13 is showing the second complex part, which is done in 
Catia. Similar procedures mentioned for other process are used to do the 
simulation. The shape made by the tool called stamping in Catia, which gives 
a double curvature shape to analyze how the Hybrix will go through this 
complex shape.    

 

Figure 3.14 showing the assembled view of the complex part 2 and each color 
is representing the different part, which is same as the complex part 1. This 
experiment is a drawing process, where the punch pushing the blank into the 
die cavity.  
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                    Figure 3.12: Assembled view of Complex Part 2 

 

 

3.4  Simulation Procedures 

In this topic, the procedure for the simulation is discussed and which is almost 
same for both the experiment mentioned above two topics. 

 

3.4.1 Section Assignment 

                

                                  Figure 3.13: Section Assignment. 



Method and Implementation  

36 

 

It is a module in the abaqus which is used to assign the element and material 
to the Hybrix sheet. Shell element is used for both the experiment, so using 
the Section module is assigned to the sheet and fiber respectiviley.  

 

3.4.2 Step Creation 

                     

                                       Figure 3.14: Step Creation 

 

             

                     Figure 3.15: Assigning Time Period in Step Module 
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The above figure 3.16 and 3.17 showing the making of step module. In step 
module, setting the analytical module, which is used for both experiments, is 
Abaqus Explicit and fix the time period for the total processing time. 

 

3.4.3 Interaction Assignment   

                                

                               Figure 3.16: Interaction Assignment 

 

In this module, the assigning of interaction between two contact part is done. 
Figure 3.18 showing a selection of types of contact which is appropriate for 
the situation. If two parts contacting each other, surface to surface contact 
type could be suitable and which is chosen for both the experiment. In general 
contact type, the computer will automatically assign the contact.  

In figure 3.19, picking the part which has to contact in the form of first surface 
and second surface. The second surface is always a slave surface, that means 
if the punch is contacting the top sheet, then the top sheet is the slave. 

 The property of interaction also can assign to the contact. In contact property 
option, there is a bunch of properties which can use according to the situation 
of contact. In mechanical contact property, the options which include friction, 
hard contact, and damping is included. Property of friction is given to both 
complex part 1 and 2.   
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                     Figure 3.17: Assigning the Part which is in Contact 

 

3.4.4 Assigning of Boundary Condition 

In this module, the boundary condition would assign to the model. Figure 
3.20 is showing the categories which used to assign the boundary conditions. 
The option Displacement and rotation were used for both the experiment 
complex part 1 and 2. This option is chosen for the experiments is because it 
is a forming process, and there are some displacements in both the model, 
especially in the case of punch movement. 

Figure 3.21 showing the boundary condition of punch were the displacement 
option is assigned to punch. The vertical motion of punch is accessed and rest 
all direction is disabled so that the punch will displace only in a vertical 
motion. For the die, all the direction is fixed, so that the die could not move 
in any direction.    
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                Figure 3.18: Assigning the Type for the Boundary Condition 

 

 

 

 

                                   Figure 3.19: Assigning of Boundary Condition
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4 Findings and analysis 

 

This chapter presents the results of simulations done by the forming of 
Hybrix material. The experimental results were used to verify the forming 
conditions of Hybrix materials. The two items in the analysis of metal forming 
process which used in this case are residual stress and spring back. The 
simulation process will generate stress and strain contours. The stress 
contours will be used to find the forming loads during deformation and strain 
contours used to determine the forming limit. 

 

4.1 Simulation of Complex Part 1  

 

In section 3.1 the assembly of the first complex part was mentioned, and the 
below figure shows the formed Hybrix after the simulation.  

 

   

                    Figure 4.1: Hybrix attain Final Shape after Simulation 

 

4.1.1 Residual Stress 

Considering the forming result, the contour plot shown in the below figure is 
the residual stress, which is generated on the Hybrix sheet after simulation. 
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The maximum stress which is generated on the Hybrix sheet after the 
simulation is 1763 MPa. 

               

  

                                  Figure 4.2: Showing the Residual Stress 

 

In figure shows the PEEQ equivalent plastic strain of Hybrix material after 
the simulation. The maximum strain which is generated on the sheet is 0.17 
percentage.  

 

 

 

                                   Figure 4.3: Contour showing the PEEQ 
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4.1.2 Spring Back 

  Figure 4.4: Before Spring Back                           Figure 4.5: After Spring Back                                  

 

Figure 4.4 and 4.5 mentioned above showing the forming result before spring 
back and figure showing the forming after spring back. 

 

4.2  Simulation of complex part 2 

In section 3.3 the assembly of the second complex part was mentioned, and 
the figure 4.6 shows the formed Hybrix after the simulation. 

 

         

                    Figure 4.6: Hybrix attain Final Shape after Simulation 
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4.2.1 Resuidal Stress and PEEQ 

 

  

                    Figure 4.7: Contour showing Residual Stress 

Figure 4.7 showing Residual stress generated on the Hybrix sheet after 
forming simulation. The maximum stress generated is 4328 MPa.  

Figure 4.8 showing deformation on the Hybrix sheet after forming simulation. 
The maximum strain generated is 0.3 percentage.   

 

  

                               Figure 4.8: Contour showing PEEQ 
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4.2.2 Spring Back 

                               Figure 4.9: Before Spring Back 

  

Figure 4.9 showing the top view of the Hybrix sheet before the spring back 
and figure 4.10 shows the side view of the Hybrix sheet.                        

 

 

                            Figure 4.10 Side view Before Spring Back 

 

The figure showing the spring back of formed Hybrix into the second 
complex shape. Figure 4.11 and 4.12 showing the top view and side view of 
Hybrix after the spring back. There are some wrinkles formed after the spring 
back, which clearly shows in figure 4.12. 
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                             Figure 4.11: Hybrix after Spring Back 

 

 

 

                    Figure 4.12: Side view of Hybrix after Spring Back 
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5 Discussion and conclusions 

In this chapter, discussions, and conclusions of method and findings are 
made. 

5.1 Discussion of method 

 

A numerical tool for Hybrix 

 
Making of a numerical tool for the Hybrix is the main objective, and this was 
the most challenging phase. The main problem regarding the python script 
was while executing it took a massive amount of time because of basic 
functionality for generating a random number. The advanced function 
including the rand, range, angle, which makes the execution time better than 
before, even though to make 20000 fibers it took two days and the time which 
is taken to find space to fill the point when we combine with the GUI of 
simulation software Abaqus. 
 

Simulation   

 
Software used for simulating Metal forming process was Abaqus. It has a wide 
variety of functionalities and parameters, which is effectively reflected to 
reality.  
 

5.2 Discussion of findings 
 

In this chapter, the findings are discussed about the purpose and research 
question. 
 

Residual stress 

 

After the simulation of both complex part 1 and 2, the residual stress which 
is generating within the Hybrix sheet after the removal of punch. The 
comparison of both figure 4.2 and 4.7 showing that the residual stress is 
generating, especially in the place where the double curvature shape in the 
Hybrix and even in the edges which have wrinkles.   
This residual stress is clearly because of sharp points or curves on the Hybrix 
sheet after forming, which cause localized yielding of the material. This stress 
can cause easy crack without any load. 
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Equivalent Plastic Strain  

 

After the forming of Hybrix, the permanent strain on the deformed body can 
also check in the Abaqus. Figure 4.3 and 4.8 it is showing that the curved 
portion and edge portion which has wrinkles have more strain than the other 
areas. Comparing both complex shape 1 and 2,  part 1 have less plastic 
deforming on the curvature than second complex part, because of the more 
sharp curvatures are on second complex part than first. Wrinkles are less in 
first complex part than second, so the plastic deformation is more on edges 
also. 
 

Spring Back 

 

In figure 4.5, after spring back, there is a slight variation in the shape of the 
Hybrix. The total time for the whole process was seven seconds, in that two 
seconds was the relaxation process for Hybrix after loading so that it can relax 
and attain the correct shape. After the removal of load, the Hybrix is getting 
slightly deforming, and this will affect the dimensional accuracy of the final 
product. 
 
In figure 4.11 and 4.12, wrinkles are generating after the removal of load. 
There is no much variation in dimension than the first complex part because 
there is a small angle given to the plane of the die. Wrinkling is one of the 
main problems during the metal forming process called drawing. During 
loading, there is a compressive and tensional force acting the flange or wall it 
causes wrinkles. 
 
 

5.3 Conclusions 

The chapter was focused on answering the research question. 

1) Is it possible to make a tool which makes ease for the simulation? 

To conclude, it has been shown that it is possible to make a tool which makes 
ease for the simulation and analyze the Hybrix sheet during the forming 
process. By making a python script and combine with GUI of Abaqus, it is 
possible to make how many fibers needed and also possible to make python 
script for the whole procedures of simulation which will reduce time 
consumption. 

2) How much residual stress is generating on a formed Hybrix sheet? 

Residual stress mainly generated on sharp edges or curved areas on the plane 
of formed Hybrix sheet. Both the complex part 1 and 2 have double curvature 
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shape, so there is a chance of generating Residual stress, and this will make 
easy crack without any external load. 

3) How is the spring-back effect will affect the HybrixTM 

The spring-back effect slightly affected the Hybrix sheet after the simulation. 
In complex part 1, shape slightly changed after removing the load it will affect 
the dimensional accuracy. In complex part 2, wrinkles generated after the 
spring back  

 

5.3.1   Further Work 

Through this study, it was obtained that after forming process the dimension 
accuracy is slightly varying during spring back effect and generating residual 
stress, but in order to get proper validation, it is needed to do the experimental 
study. 

 

For this study, material steel was used for the bottom layer and top layer of 
Hybrix. For further research, different materials are planned to use as the 
bottom layer and top layer, for example, Aluminium. 
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