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Comparison between Experimental and Simulation 
Results of Bending Extruded Aluminum Profile 
 

This paper focuses on the reliability of vehicle body structure made of aluminum alloy, it also 
investigates the influence of bending process on strength and forming quality of the part. The optimization of 
profile shape section during bending process is very crucial factor for the component reliability and forming 
quality. However, it is difficult to get ideal solution for optimization of forming process by using only theoretical 
analysis and experiments. Therefore numerical simulation based on finite element is used more and more to 
analyze the forming mechanism, to predict the defects and to optimize the process parameters. ABAQUS 
software shows detailed preprocessing steps of the profile design and formation followed by an accurate model 
to work on. The simulations allow investigating critical areas of the profile during the formation process. This 
paper studied the evolution of thickness deformation along the profile, the middle section was targeted since it is 
the most deformed area, then compared the variations of thickness between simulation and experiments in all 
cases using punch only and die-punch. The agreement between the experiments and the simulations is fairly 
good for most cases, which proves the validity of the established numerical model. 
aluminum profile, bending process, numerical simulation, ABAQUS software 
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Introduction. In recent years aluminum profile is widely used in various fields such 
as aeronautics and automobile industries to get light product. As one of main forming process 
to obtain the profile part, bending becomes the major development direction of advanced 
plastic forming technology. The materials science, mechanics and computer application for 
manufacturing technology peristaltic the process of plastic forming technology and advanced 
numerical simulation [1]. The development of advanced forming technology in the promotion 
of science and technology, economic and defense modernization has an important role in the 
process. In the process of plastic bending profile, the product generally desire to achieve 
lightweight, high strength, high precision, high efficiency, low consumption and other 
requirements [2]. For this 21st century the plastic processing technology [3], research and 
development has advanced enormously, most developed for the automotive, aviation, and 
aerospace industry and has bringing a broad application prospects [4]. 

Source of project. In factory, the manufacturing process of parts such as machining, 
forming and welding will affect on the quality and service life of parts. Forming local of plate 
parts such as excessive thinning caused defect thickness deformation and cracks. Affecting 
the weld defects and temperature on the welding material properties and other factors such as 
local forming and welding deformation, will not only affect the appearance, will change the 
stress state and causing the error theory calculation model. So, the equation is; how to reduce 
or avoid these defects? To study this forming bending process is a meaningful subject. 

This paper is based on above background, thickness deformation of bending extruded 
aluminum alloy profile, molded parts and analysis of the causes of defects is aim project 
research, the forming process of form and position at the same time of aluminum alloy profile 
into pieces to study thickness deformation on the part during the operation, explore and 
elimination of defect provides the reference for the design and manufacture of molding parts. 

The object of study. The goal of this study is to optimize the bending process 
parameters and the profile section shape using numerical simulation. The simulation is 
realized using the finite element method software ABAQUS. The main contents of research 
work include ABAQUS, which uses to obtain an accurate model to work. The simulation 
gives information about the location of damage areas on the profile after bending. Also 
studied the evolution of thickness deformation along the profile, the middle section of profile 
was targeted since it is the area the most deformed. And compared the variations of thickness 
deformation between simulation and experiments results. There are similarities, but the values 
from the experiments are not accurate enough, and the simulation suffers from edge effect. 

Analysis of finite element simulation. Generally, finite element simulation process is 
divided into the following; 

Explicit algorithm. The explicit calculation also known as the central difference 
method, acceleration and velocity has the following hypothesis; 

2

1 2t t t t t tu u u u
t

                                             (1)
    
 

1
2t t t t tu u u

t
                                                  (2)   

The two above-described relations is substituted into the equation of motion to get 
central difference method of recursive formula as follows; 
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From above equation, at the current time only the displacement acceleration is related 
to the displacement of the previous time, the only means of solving current moment without 
iterative process [5]. 

Implicit algorithm. The implicit algorithm is relatively complicated, the widely used 
method is Newmark, the relationship between acceleration, velocity and displacement as 
follows; 

1t t t t ttu u u u t  ,                                         (4) 
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Substituted into the equations of motion can be obtained recursive formula as 
following; 
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From previous equation, the displacement, velocity and acceleration at any time are 

related to each other, this makes solving the equations of motion into a series of solving 
nonlinear equations, must be achieved through an iterative and simultaneous equations [6]. 
There are two problems need to be solved in the process of solution: first, is not necessarily 
can convergence of iterative process; second, simultaneous equations is possible to determine 
solution without terrible appearance. Therefore, for solving nonlinear implicit algorithm 
cannot guarantee the convergence. In addition, at each step of the calculation require iterative 
solution for equation of static equilibrium, the need to occupy a considerable amount of 
computing resources, disk space and memory [7]. 

ABAQUS software. ABAQUS/CAE is a finite element software, used complex 
system for modeling constraints and deformations [8]. It is composed of different modules; 
every module helps to describe the system. It is widely used in the vehicle, aerospace and 
industrial products. The product is popular with academic and research institutions due to the 
wide material modeling capability and the program's ability to be customized [9]. ABAQUS 
also provides a good collection of Multiphysics capabilities, such as coupled acoustic 
structural, piezoelectric and structural pore capabilities, making it attractive for production 
level simulations where needs multiple fields  to be coupled. 

Each complete finite element analysis depend on 3 separate stages; 
I. Pre-processing or modeling: This stage involves creating an input file which 

contains an engineer's design for a finite element analyzer. 
II. Processing or finite element analysis: This stage produces an output visual file. 
III. Post-processing or generating report, image, animation, etc. from the output file: 

This stage is a visual rendering stage. 
Bending forming simulation & experimental verification  
Characteristic of the profile part. In this paper we will work on vehicle structure 

profile as shown in the Picture 1, which made of aluminum alloy A6N01S with mechanical 
properties as shown in the table 1. 
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Picture 1 – Profile section size 

Table 1 - Mechanical properties 
Modulus of 

elasticity 
E / MPa 

Yield 
strength 

0.2/MPa 

Poisson's 
ratio 

Tensile 
strength 
(Mpa) 

Strength 
coefficient 
K (Mpa) 

Strain 
hardening 
Index n 

Elongation
% 

66946 232.211 0.359 265.843 343.910 0.079 8 8 
 
Many factors that affect the actual formation process, is not likely to be quite 

successful consistent with the application of the program, it is very complex. From here, to 
describe the process faster and more accurately, we choose the operation parameters is the key 
to control. 

In this paper, the attention is paid to forming process and influence of die radius, 
therefore, in order to improve the computational accuracy and efficiency goals will use punch 
only & die-punch  as shown in the Picture 2, by Using ABAQUS/CAE software, apply 
simulation process on the part such as (properties, assembly, step, interaction, load and mesh) 
can find the optimization amount of thickness deformation of the profile due to bending 
process for four types of radiuses ( R800 – R1200 – R1500 – R2000 ) mm. 

 

     
Picture 2 – Methods of bending 

In the Picture 3, shown the thickness deformation along the profile of experimental 
results for all radiuses (R800 - R1200 - R1500 - R2000), where we can see from the graph 
most deformation is done at the ends of the profile, and the maximum thickness deformation 
for each radius is shown in the table 2, which notes that whenever die's radius increases, the 
value of thickness deformation decreases. 
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Picture 3 – Thickness deformation of experimental results for all radiuses 

Table 2 - Experimental thickness deformation 

 

Comparison between thickness deformation of experimental results with thickness 
deformation of simulation results for each radius in punch only & die-punch. 

  
Picture 4 –  Thickness deformation for radius (R800)               Picture 5 –  Thickness deformation for radius (R1200) 

  
 
Picture 6 –  Thickness deformation for radius (R1500)             Picture 7 –  Thickness deformation for radius (R2000) 

Radius R (mm) 800 1200 1500 2000 
Thickness Deformation (mm) 0.21 0.16 0.14 0.13 
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By focusing on the previous graphs, in case of radius R800 most thickness 
deformation done in the middle of profile. In bending process of radius R1200 and R1500, 
max. thickness deformation is occur in the middle of the profile when using punch only, while 
this deformation occur in the middle and ends of the profile in case of using die-punch. In 
radius R2000, when using punch only a small amount of thickness deformation done in 
middle of the profile, but in case of using die-punch the thickness deformation done at the 
ends and middle of profile, this refers to the contact between the punch and profile during 
bending process.  In all cases, we note the amount of thickness deformation decreases 
whenever bending radius increase whether using punch only or using die-punch. 

 

Table 3 - Max. Thickness Deformation of Simulation Results  
 R800 R1200 R1500 R2000 

Punch Die-
Punch 

Punch Die-
Punch 

Punch Die-
Punch 

Punch Die-
Punch 

Max. 
Thickness 

Deformation 
(mm) 

0.1204 0.1390 0.1045 0.1450 0.0697 0.0664 0.0430 0.0519 

 

      
 
Picture 8 –  Cross section in the middle of profile (R800)      Picture 9 - Cross section in the middle of profile (R1200) 
 
 

      
Picture 10 -  Cross section in the middle of profile (R1500)     Picture 11 - Cross section in the middle of profile (R2000) 

When cut the profile from the middle, we notices clearly a distortion in the middle 
area during bending process as shown in the figures 8, 9, 10 and 11. The amount of distortion 
is greatest in case of R800 and this amount becomes less when bending radius becomes 
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bigger. Also this distortion causes irregularity in the external shape of the profile, this may 
cause problems during final assembly. 

Conclusion. In this paper, permits to visualize the bending process of extruded 
aluminum profile, to know the problems that occur after bending process of the profile, such 
as thickness deformation and also, when cutting the profile from the middle, notes the 
presence of distortions in the internal shape of the profile due to bending process, this 
distortion increases whenever the radius decreases. Through the comparison between the 
experiments and simulation results, we can conclude that the optimization design which 
includes all the suitable parameters and in line with the actual manufacturing process of the 
profile, where faces less problems to obtain the best values of thickness deformation, when 
using die-punch of radius R1200. 

Recommendation. Recommend to use ABAQUS software, its provide very 
convenient ways for modeling the profile. The simulation had to give us information about 
the location of critical area on the profile after bending process. It also helps to save money, 
time and effort to obtain the optimization results, which could be applied to the actual product 
in the industry. 

To avoid distortion in the middle of the profile, we recommended to change the inner 
design of the profile with add support columns which help to reduce the amount of 
deformation taking into account that the weight and outer design of the profile are not 
changed. 
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