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TENSILE SIMULATION OF 6061 ALUMINUM ALLOY
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The quasi-static tensile simulation was carried out on the 6061 aluminum alloy round bar specimen, and the tensile
specimen model was drawn. Three sets of simulation with uniaxial tensile velocity of 10 s7, 15 s and 20 s were set
at normal temperature, and the numerical simulation of the tensile process was carried out by using ABAQUS soft-
ware. The experimental data were imported into the model, and the relevant parameters such as damage model
were set. The derived simulation results are in good agreement with the experimental results, indicating that the
established simulation model can simulate the uniaxial tensile behavior of 6061 aluminum alloy well.
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INTRODUCTION

6061 aluminum alloy is a high quality aluminum al-
loy product produced by heat treatment and predrawing
process[1]. Its chemical composition is shown in Table
1. Because of its good formability, weldability, ma-
chinability, at the same time has moderate strength, af-
ter annealing can still maintain good operation, become
the metallurgical industry commonly used metal mate-
rials[2]. 6061 aluminum alloy is mainly used for high-
load parts and component materials, such as skeleton
parts on aircraft, skin, space rocket storage box, etc.

Table 1 Chemical composition of 6061 aluminum alloy/wt. %

Si 0,4~0,8 Cr 0,04~0,35
Fe 0,7 Zn 0,25
Cu 0,15~0,4 Ti 0,15
Mn 0,15 Al Others
Mg 0,8~1,2

As a kind of ductile material, the uniaxial stress-
strain relationship of 6061 aluminum alloy is the basic
physical relationship for structural analysis and engi-
neering design by using continuum mechanics method,
which plays a key role in the design and safety evalua-
tion of engineering samples[3]. After necking occurs in
the iso-straight specimens, the load gradually decreas-
es[4], and the material element in the necking zone is in
the strengthening stage of complex deformation. In this
paper, the real stress-strain relationship after necking is
obtained by traditional uniaxial tensile test, and the fi-
nite element model of 6061 aluminum alloy bar is es-
tablished by using ABAQUS finite element software,
whose style parameters are shown in Figure 1. The
stress-strain relationship of ductile metal of 6061 alu-
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minum alloy was obtained by the traditional uniaxial
tensile simulation using the straight round bar speci-
men. Finally, the simulated stress-strain relationship of
ductile metal material of 6061 aluminum alloy was
compared with the real stress-strain relationship ob-
tained from traditional uniaxial tensile test, and the es-
tablished model was verified to be suitable for predict-
ing the tensile behavior of 6061 aluminum alloy.

Figure 1 6061 aluminum alloy bar sample

ESTABLISHMENT OF FINITE ELEMENT MODEL

ABAQUS finite element simulation software was
used to draw bar material, and 6061 aluminum alloy
material properties were introduced. The density was 2
700 kg/md, elastic modulus was 50 GPa and Poisson’s
ratio was 0,33. The effective stress-strain relationship of
6061 aluminum alloy material should be input in the
plastic section (Figure 2), and the value of flexible dam-
age is shown in Table 2.

The three-dimensional model of uniaxial tensile
simulation sample of 6061 aluminum alloy was estab-
lished according to the sample size in Figure 1, as
shown in Figure 3(a). C3D8R was used for the grid unit,
and the global seed distribution and medial axis algo-
rithm were used for grid division, as shown in Figure
3(b). A reference point RP-1 was established at the top
end of the model and coupled with the top surface, as
shown in Figure 3(c), to facilitate subsequent loading of
boundary conditions. In order to simulate the stretching
process, completely fixed boundary conditions were ap-
plied to one end of the model, and different constant
stretching speeds were applied to the other end along
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Figure 2 Stress-strain curve of 6061 aluminum alloy

Table 2 Values of flexible damage

Serial number Fracture strain Triaxial stress | Strain ratio
1 1 0 09
2 0,5 04 09

Figure 3 Construction process of tensile finite element model
(a) three-dimensional sample model (b) mesh
division (c) coupling setting (d) boundary condition
setting

the negative Y-axis. The six degrees of freedom on the
lower surface of the bar model are completely fixed,
and the tensile velocity along the negative Y-axis is ap-
plied to the reference point, as shown in Figure 3(d).

SIMULATION PROCESS

In order to illustrate the simulation process and
model effectiveness, the tensile speed of 10 s?, 15 s*
and 20 s were selected as three working conditions to
demonstrate and illustrate.

Figure 4 shows the Mises stress change in 10 s uni-
axial tensile simulation at normal temperature. From
Figure 4(a), it can be seen that only the middle part and
the fillet transition and the upper part of the sample are
stressed at the beginning of tensile. The Mises stress at
the upper and middle ends increased significantly when
the Mises was stretched to the point of necking (Figure
4(b)). When the specimen was about to be broken (Fig-
ure 4(c)), the Mises stress region was mainly concen-
trated at the fracture and the upper end.

Figure 5 shows the comparison of true stress-strain
curves of 10 s uniaxial tensile simulation and experi-
ment. The simulation curve was taken from one of the
units at the fracture. As can be seen from Figure 5, the
two curves fit well, indicating that the established 10 s
uniaxial tensile simulation model can simulate the real
tensile experiment well.
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Figure 4 10 s uniaxial tensile simulation of Mises stress at
normal temperature (a) when the specimen begins
to draw (b) during the tensile process (c) when the
specimen breaks
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Figure 5 Comparison of experimental and simulated
stress-strain curves at 10 s™

Figure 6 Uniaxial tensile simulation of 15 s Mises stress at
normal temperature (a) when the specimen begins
to draw (b) during the tensile process (c) when the
specimen breaks

Figure 6 shows the change of Mises stress in the uni-
axial tensile simulation of 15 s* at normal temperature.
As can be seen from Figure 6(a), only the middle part of
the sample is subjected to a large tensile force at the be-
ginning of stretching, and the lower part of the middle
part has the largest force. When the Mises stress in the
middle part was increased significantly and the Mises
stress in the upper part was increased when the elonga-
tion reached the threshold of necking (Figure 6(b)). When
the specimen was about to break (Figure 6(c)), the Mises
stress region was mainly concentrated in the middle part.

Figure 7 shows the comparison of true stress-strain
curves between simulation and experimental uniaxial
tensile tests in 15 s*. The simulation curve is taken from
one of the elements at the fracture. As can be seen from
Figure 7, the simulation data is larger than the experi-
mental data at the maximum stress, but in general the
two curves are in goo d agreement, indicating that the

METALURGIJA 63 (2024) 1, 43-45



400

300 F

200 F

True stress/MPa

1— Simulation value
2— Experimental value

100

0 \ ; i
0,00 0,05 0,10 0,15

True strain

Figure 7 Comparison of experimental and simulated stress-
strain curves under 15 s
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Figure 8 Uniaxial tensile simulation of 20 s Mises stress
change at normal temperature (a) when the
specimen begins to draw (b) during the tensile
process (c) when the specimen breaks

established 15 s* uniaxial tensile simulation model can
simulate the real tensile experiment well.

Figure 8 shows the Mises stress change under normal
temperature in 20 s* uniaxial tensile simulation. As can be
seen from Figure 8(a), at the beginning of tensile, almost
only the middle and upper sections of the sample were
stressed. The Mises stress at the upper and middle ends
increased significantly when the Mises was stretched to
the point of necking (Figure 8(b)). When the specimen was
about to break (Figure 8(c)), the Mises stress was mainly
concentrated in the fracture and the middle section.

Figure 9 shows the comparison between simulation
and experimental stress-strain curves of uniaxial tensile
in 20 s’. The simulation curve is taken from one of the
units at the fracture. As can be seen from Figure 9, the
simulation data at the last and last sections are smaller
than the experimental data, but generally the two curves
are in good agreement, indicating that the established
20 st uniaxial tensile simulation model can simulate the
real tensile experiment well.

Figure 10 shows the simulation stress changes of
6061 aluminum alloy bar at 10 s, 15 s* and 20 s re-
spectively at normal temperature. It can be seen that the
faster the tensile speed is, the greater the stress will be.

CONCLUSION

Through the above experiment and simulation anal-
ysis, the following conclusions can be drawn:

1) Stress increases with the increase of tensile rate
at room temperature;
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Figure 9 Comparison of experimental and simulated stress-
strain curves under 20 s
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Figure 10 Changes of simulated Mises stress in 6061 aluminum
alloy bars at different uniaxial tensile speeds

2) Through the above experiments and simulation
analysis, it can be concluded that the stress-strain curves
simulated by ABAQUS are in good agreement, indicat-
ing that ABAQUS simulation has high accuracy in pre-
dicting fracture displacement and stress-strain, and the
established model can be used to predict the tensile be-
havior of 6061 aluminum alloy.
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