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Abstract. In this study, the aluminium alloy shell forming process is firstly studied and analysed. After that, the
three-dimensional modelling software SOLIDWORKS is used to analyse and model the workpieces and
the convex and concave dies of each process of the aluminium alloy shell hot extrusion forming process. Finally,
the three-dimensional finite element numerical simulation software DEFORM-3D is used to carry out numerical
simulation analysis on the precision hot forming process of aluminium alloy shell. Equivalent force and strain
distributions, along with stroke-load curves, were analyzed under varying conditions by changing the friction
factor and forming temperature. The simulation results show that under the conditions of friction factor of 0.25
and temperature of 450 °C, it is most suitable for the machining of aluminium alloy shell hot extrusion forming
process.
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1 Introduction

In recent years, with the rapid development of industrial
technology, aluminum alloy shells are increasingly widely
used in aerospace, automotive manufacturing and other
fields [1–4]. Aluminum alloy shell has become a key
material for improving equipment performance and
reducing energy consumption due to its excellent proper-
ties such as light weight, high strength, corrosion
resistance, good plasticity and toughness, and good fatigue
resistance [5–8]. However, the hot extrusion forming
process of aluminum alloy shell is a technically difficult
machining process involving material properties, die
design, process parameter optimization and other aspects.
At present, scholars at home and abroad have carried out a
large number of studies on the hot extrusion forming
process of aluminum alloy shell, aiming to optimize the
process parameters through numerical simulation, experi-
mental validation and other means to improve the forming
quality and production efficiency [9,10]. However, in the
actual production process, there are still problems such as
uneven stress distribution, insufficient forming accuracy,
serious die wear, high cost of extruded profiles, and low
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mechanical properties, etc. [11–14], which limit the further
development and application of aluminum alloy shell hot
extrusion forming process.

In view of the importance of the aluminum alloy shell
hot extrusion forming process and the existence of technical
difficulties, this paper carries out an in-depth study.
Through three-dimensional modeling and sectional analy-
sis of 7A04-T6 aluminum alloy shell with a diameter of
155mm, a set of forming scheme including primary
punching, secondary punching, extrusion and tertiary
punching was designed. On this basis, finite element
numerical simulation of the hot extrusion forming process
of aluminum alloy shell was carried out by using DEFORM
software [15,16], to simulate the forming process under
different temperatures and friction factors, respectively,
and key data such as stress and strain distributions as well
as stroke-load curves were obtained [17]. Through the
analysis of the simulation results, revealed the influence of
temperature and friction factor on the hot extrusion
forming process of aluminum alloy shell, which provided a
theoretical basis for optimizing the process parameters.

Aiming at the problems existing in the hot extrusion
forming process of aluminum alloy shell, this paper adopts
the method of combining numerical simulation and
experimental verification for research [18]. First, through
three-dimensional modeling and profile analysis, the
structural characteristics and forming requirements of
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Fig. 1. Parts diagram.

Fig. 2. Parts diagram: (a) 3D modeling diagram, (b) sectional view.
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aluminum alloy shell were clarified, and a reasonable
forming scheme and die structure were designed. Then,
finite element numerical simulation was carried out using
DEFORM software to explore the effects of temperature
and friction factor on the forming process and optimize the
process parameters. Finally, the simulation results were
verified and corrected with experimental verification, and
the most suitable temperature and friction factor for
aluminum alloy shell hot extrusion forming process were
obtained. This research result not only solves the technical
problems in the aluminum alloy shell hot extrusion forming
process, but also provides an effective method to improve
the forming quality and production efficiency.

2 Experimental materials and methods

2.1 Material and process parameters

In this paper, the research material is 7A04-T6 aluminum
alloy shell with a diameter of 155mm, and its part drawing
is shown in Figure 1.

According to the two-dimensional parts drawing using
three-dimensional modeling software SOLIDWORKS for
three-dimensional modeling. Continue to use three-dimen-
sional modeling software SOLIDWORKS shell cut surface
operation to get the shell section, as shown in Figure.
Through the three-dimensional drawing as well as the
sectional drawing in Figure 2, it can be clearly seen that the
diameters of the through holes inside the shell are different
and are divided into left and right part holes, with a
protrusion in the left part of the center.

According to the analysis of three-dimensional model-
ing and sectional drawings, as well as the analysis of the hot
extrusion forming process, the aluminum alloy shell under
study is designed with the following forming scheme:
primary punching ! secondary punching ! extrusion !
tertiary punching. According to the scheme, the convex
and concave dies for each process are designed and
modeled.

A punching process to punch the small hole on the left
side of the part figure, this hole is also used as a positioning
hole in the following steps.

The blank used is shown in Figure 3, the size is
determined according to SOLIDWORKS 3D modeling
software for the final forming parts aluminum alloy shell
modeling can be obtained forming parts volume of
1764944.2 mm3, so the volume of the blank is 1764944.2
mm3, the height of the blank to take 225mm, the diameter of
theblank is calculated tobe’99.94mm,due to thefinalpunch
will be punched under the layer of thinmaterial, so this paper
selects the blank diameter of ’100mm. Because the final
punching will punch down a layer of thin material, so this
paper chooses the blank diameter of ’100mm.

The convex die used in this step is shown in Figure 4a,
due to the consideration of punching force and the problem
of deformation force of blanks, the front end of the convex



Fig. 3. Blanks.

Fig. 4. Three-dimensional figure: (a) convex die for primary
punching; (b) concave die for primary punching.

Fig. 5. Three-dimensional figure: (a) convex die for secondary
punching; (b) concave die for secondary punching.
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die is selected as a bullet-shaped punch, in order to prevent
the blanks from flowing out of the mold, the upper end of
the convex die is used to widen the treatment of the
concave die and the concavemold fit in themolding, so that
the material in the gap between the convex-concave die
flow molding. The diameter of this hole is ’66mm,
the length of the bullet of the convex mold is 50mm, the
maximum diameter is the same as the smallest part of the
whole hole diameter of the shell is ’59mm, the diameter of
the cylinder above the bullet is the same as the diameter of
the hole and the diameter of the hole on the lower side of the
shell is ’66mm. The diameter of the widened cylinder on
the uppermost end is the same as the diameter of the
opening of the concave mold and the diameter of the blank
below, and the diameter of the blank is the same as
’100mm. The concave mold cut-out used in the simulation
is shown in Figure 4b. As shown in Figure 4b, the height of
the blank will be increased when the blank is punched and
extruded to prevent the blank from flowing out, so the
height of the concave mold is chosen to be 288mm plus
20mm wall thickness, and the diameter of the opening is
the same as the diameter of the blank of the convex mold,
which is ’100mm.

The secondary punching process punches the large hole
on the right side of the part drawing, but since the concave
die has a fixed part in this process, the premise of punching
is to ensure that the convex and concave dies do not collide.
This process is the next step in the extrusion process, so the
purpose of this process is to punch out the upper end of
the blank in the shape of a bowl, so that the next step in the
extrusion process.

The convex die used in this step is shown in Figure 5a,
due to the consideration of punching force and forming
force, the convex die adopts a bullet-shaped punch for
punching, similarly, in order to prevent the blank from
flowing out during forming, the upper end of the convex die
is widened, so that the blank can flow and form in the gap
between the convex die and concave die. Because of the
different diameters of the hole, the maximum diameter is
’157.7mm, the minimum diameter is ’102mm. Because of
the concave die to locate the blank, in order to prevent
collision between the locating parts and the convex die
punches, so the design of the bullet punches with a length of
100mm, the maximum diameter of ’75mm. the purpose of
this process is to punch the upper end of the blank into a
bowl shape in order to the next step of the extrusion process
smoothly. The cross-section of the concave die used is
shown in Figure 5b, because one end of the blank was
punched in the previous process, so in order to fix the blank
in this process, a bullet-shaped fixing part is added at the
low end of the concave die, which is the same as the punch
in the previous process, and this part ensures the accuracy
of the punching of the convex die in this process, but the
convex die is also a bullet-shaped punch, and this process is
to prevent the convex and concave dies from colliding. The
internal shape of the concave die is the external contour of
the case.

The extrusion process is to extrude the basic shape of
the shell, leaving a thin layer of material in the middle part
of the shell, which is punched down by the next punching
process to get the final part aluminum alloy shell.

The convex die used in this process is shown in
Figure 6a. The shape of the convex die is the internal
contour of the final part of the aluminum alloy shell, which
is designed according to the dimensions of the part
drawing. To prevent the punch of the convex die from
wearing out, the sharp corners are chamfered. Also, to
prevent material from flowing out, the upper end of the
convex die is widened so that the material flows in the gap
between the convex die and the concave die. The convex die
is widened to a maximum diameter of ’157.7mm for the
concave die. The cut surface of the concave die used is



Fig. 7. Three-dimensional figure: (a) three times punching
convex die; (b) three times punching concave die.

Fig. 6. Three-dimensional figure: (a) convex die in the third
extrusion step; (b) concave die in the third extrusion step.
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shown in Figure 6b, and the internal shape of the concave
die is the same as that of the final piece of the shell case and
is designed according to the dimensions of the part
drawing. It is designed according to the dimensions of
the parts drawing. At the low end of the concave die, there
is a cylindrical fixed part that fills in the lower part of the
shell, which plays the role of fixing and extrusion molding.

The third punching process punches down the thin
layer of material left in the middle of the shell after
extrusion molding. It is the last process of the hot extrusion
forming process, and after obtaining the hot extruded
parts, the final aluminum alloy shell can be obtained by
simple machining of the parts. The convex die used is
shown in Figure 7a, which is improved by the previous
convex die by adding a punch with a diameter of ’59mm at
the front end, so that the thin material can be punched
down to obtain the part.

The corresponding profile of the concave mould is
shown in Figure 7b. The convex die has also been improved
in the previous process by replacing the cylindrical fixing
part under the concave die in the previous process with a
cylindrical cylinder of thickness (66–59) � 2=3.5mm.
It provides support and fixation as well as dropping the
stamped scrap from the die.

2.2 Simulation process

Firstly, the finite element numerical simulation of alumi-
num alloy shell hot extrusion forming process is performed
by DEFORM software. Aluminum alloy shell hot extrusion
forming process has four hot extrusion forming processes,
so the finite element numerical simulation process of hot
extrusion forming process of the shell is divided into four
simulation parts [19–22]. They are primary punching !
secondary punching! extrusion! tertiary punching, and
numerical simulations are performed for its four processes.

The finite element simulation model of the workpiece
and the convex-concave die in the primary punching
process is shown in Figure 8a, assuming that the billet is
isothermally plastically deformed, the friction factor
is taken as 0.25, and the temperature is 450 °C. The die
is rigid without considering the deformation. The mold is a
rigid body and deformation is not considered. The convex
and concave molds and workpieces are positioned by object
positioning so that they can be formed correctly. The upper
die movement speed is taken as 10mm/s and the
downward pressure is 0.86mm per step in the simulation.
The different forming stages of the first punching process
are shown in Figure 8b.

The finite element simulation model of the workpiece
and the convex-concave die in the secondary punching
process is shown in Figure 9a. It is assumed that the blank
is isothermal plastic deformation, the friction factor is
taken as 0.25, and the temperature is 450 °C. The mold is a
rigid body and deformation is not considered. The convex
and concave molds and workpieces are positioned by object
positioning so that they can be formed correctly. The upper
die movement speed is taken as 10mm/s and the
downward pressure is 0.72mm per step in the simula-
tion.The different forming stages of the second punching
process are shown in Figure 9b.

Thefinite element simulationmodel of theworkpiece and
the convex-concave die in the extrusion process is shown in
Figure 10a. It is assumed that the billet is isothermal plastic
deformation, the friction factor is taken as 0.25, and the
temperature is 450 °C. The mold is a rigid body and
deformation is not considered. The convex and concave
molds andworkpieces are positionedbyobject positioning so
that they can be formed correctly. The upper die movement
speed is taken as 10mm/s and the downward pressure is
0.60mm per step in the simulation. The different forming
stages of the third extrusion process are shown inFigure 10b.

The finite element simulation model of the workpiece
and the convex-concave die in the three punching processes
is shown in Figure 11a. It is assumed that the blank is
isothermal plastic deformation, the friction factor is taken
as 0.25, and the temperature is 450 °C. The mold is a rigid
body and deformation is not considered. The convex and
concave molds and the workpiece are positioned by object
positioning so that they can be formed correctly. The upper
die movement speed is taken as 10mm/s and the
downward pressure is 0.84mm per step in the simulation.
The different forming stages of the fourth punching process
are shown in Figure 11b.

Finally the hot extrusion forming process was simulated
by using DEFORM-3D software. The temperature and
friction factor are controlled separately, and the material is
analysed by equivalent force diagram, equivalent strain
diagramandstroke-loadcurve.Thetemperatureand friction
factor that are most suitable for the hot extrusion forming
process of aluminium alloy shell are finally obtained to
provide theoretical basis for the actual production.



Fig. 8. Simulation process: (a) one punch; (b) different stages of forming in one punch process.

Fig. 9. Simulation of the process: (a) secondary punching; (b) different stages of forming in the secondary punching process.

Fig. 10. Simulation of the process: (a) extrusion process; (b) different stages of forming in the extrusion process.
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Fig. 11. Simulation of the process: (a) three punches; (b) different stages of the molding of the three punching processes.

Fig. 12. Equivalent force diagrams for different temperatures: (a) 400 °C; (b) 450 °C; (c) 500 °C.
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3 Results and discussion

Finite element analysis was performed using DEFORM
software with the friction factor set to 0.25 and temperature
as the only variable to investigate the stress distribution of
thealuminumalloy shell atdifferent temperatures.Figure12
demonstrates the equivalent stress state of the shell at
400 °C, 450 °C and 500 °C, showing that the stress decreases
with increasing temperature.However, obviousdefects, such
as cracks or property degradation, appear in the shell
at 500 °C, affecting the mechanical properties and safety.
This indicates that the design and application of materials
in high-temperature environments need to fully consider
the effects of temperature on material properties and
structural integrity.

Further analysis of the equivalent strain diagram
shown in Figure 13 reveals that although the change in
temperature does not cause significant overall morphologi-



Fig. 13. Equivalent strain plots for different temperatures: (a) 400 °C; (b) 450 °C; (c) 500 °C.

Fig. 14. Stroke-load curves for different temperatures
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cal differences in the distribution of equivalent strains in
the forming process of aluminum alloy shells, it shows a
certain pattern of change in the details. Specifically, under
the condition of 400 °C, the degree of deformation of the
shell is relatively small, which indicates that at this
temperature, the fluidity and ductility of the material may
have been restricted to a certain extent, making the strain
accumulation in the forming process more limited. In
contrast, when the temperature was increased to 500 °C,
the deformation of the shells increased significantly, which
may be attributed to the release of internal stresses and the
enhancement of the fluidity of the material at high
temperatures, resulting in a more susceptible to deforma-
tion during the molding process [23,24]. In contrast, at the
intermediate temperature of 450 °C, the deformation of the
shells shows a more ideal equilibrium. The results of this
study are similar to those of Sun et al. [25]. It is neither too
stiff to avoid molding difficulties due to insufficient
material fluidity, nor too soft to prevent shape distortion
or dimensional instability caused by excessive deformation
[26]. This good performance of the degree of deformation
helps to maintain the shape accuracy and dimensional
consistency of the shell during the molding process, thus
improving the quality and reliability of the final product.
Afterwards, observing Figure 14, it is clear from the stroke-
load curve that the load becomes smaller and smaller as the
temperature increases.
Subsequently, when comparing the simulation results
of the shell hot extrusion molding process under different
friction factor conditions in Figure 15, it can be observed
that the equivalent force plots do not exhibit significant
differences in the overall trend. This observation initially
suggests that the distribution of equivalent forces for the hot
extrusionmolding processmay be stable and consistent over
the range of friction factors examined.However, by carefully



Fig. 15. Equivalent force diagrams for different friction factors: (a) 0.4; (b) 0.3; (c) 0.25.
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analyzing the simulation data at different friction factors,
somekeydifferencescanstill be found.Specifically,under the
condition of friction factor of 0.4, the molding effect of the
shell shows obvious defects. These defectsmaybe in the form
of stress concentration, non-uniform material flow or shape
distortionduring the formingprocess [27–29],whichnot only
affect the overall forming quality of the shells, but also pose a
potential threat to the subsequent use and performance of
the shells. In contrast, the molding of shells under other
friction factor conditions is relatively more desirable.
Although the specific equivalent force distribution may
vary depending on the friction factors, the overall molding
quality and shape accuracy can be maintained.

Finally, by analyzing the equivalent strain plots for
different friction factors in Figure 16 and the stroke load
curves inFigure 17, a clear insight canbe gained into the fact
that the variation of the friction factor has an observable
effect on the load when the temperature is kept constant
during the hot extrusionmolding of the shell. Specifically, as
the friction factor gradually increases, the required load also
shows a slightly increasing trend.This phenomenon suggests
that the friction factor is an important factor that cannot be
ignored in the hot extrusion forming process, and that it
can influence themechanical behavior and energy consump-
tion of the forming process to a certain extent. At lower
friction factor levels, the interaction between the shell and
the die is relatively weak, the material flow is smoother, and
therefore the required forming load is correspondingly
smaller.However, as the friction factor increases, the friction
between the shell and the mold increases, which leads to an
increase in the resistance to be overcome during themolding
process, and thus a slight increase in the required load.
Machining aluminium alloy housings at 450 °C with a
coefficient of friction of 0.25 also presents potential
problems of material degradation and equipment wear.
Ye et al. [30] showed that higher temperature deformation
leads to recrystallisation, which weakens the anisotropy of
mechanical properties. At the same time, lubricants may
fail at high temperatures, increasing friction and wear;
tools may wear faster due to heat and friction; equipment
components may deform, crack or even break due to
thermal stresses; and aluminium alloys may adhere to tools
or dies, making machining more difficult and costly. To
reduce these risks, it is necessary to select aluminium alloy
materials with high thermal stability and creep resistance,
optimise machining parameters and processes, use lubri-
cants suitable for high-temperature environments, regu-
larly inspect and maintain equipment, and adopt advanced
machining techniques and equipment.

4 Conclusion

This study analyzes the forming process of aluminum alloy
shells, models the workpiece and dies using 3D software,
simulates the precision thermoforming process with
simulation software, and finds optimal friction factor
and temperature for hot extrusionand the following
conclusions were drawn:

–
 In the simulation of shell hot extrusion molding process,
keeping the control friction factor unchanged, comparing
theshellmoldingpartdiagrams,equivalentstressdiagrams,
equivalent strain diagrams and stroke-load curves at
different temperatures, it can be learned that the stress
and load are inversely proportional to the temperature.



Fig. 16. Equivalent strain diagrams for different friction factors: (a) 0.4; (b) 0.3; (c) 0.25.

Fig. 17. Stroke-load curves for different friction factors.
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–
 By observing the shell forming part diagram, it can be
seen that the degree of deformation is small at 400 °C, and
the forming precision is insufficient; the degree of
deformation is too large at 500 °C, and defects are
produced; and the degree of deformation is moderate at
450 °C, and there are no obvious defects, and the
precision is high. Therefore, the optimum temperature
of aluminum alloy shell hot extrusion molding is 450 °C.
–
 Keeping the optimum temperature of aluminum alloy
shell hot extrusion molding for 450 °C unchanged, in the
range of 0.25 to 0.4 friction factor, with the increase of the
friction factor, the load also increases. It is recommended
to minimize the friction during the extrusion process to
improve the forming properties of the shell.
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