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In this study, the direct extrusion process was numerically and
experimentally investigated to produce thin-walled bimetallic
aluminum tubes composed of AA5000 and AA7000 alloys. A
floating- punch extrusion die was designed and fabricated, and
experiments were performed on a 300-ton hydraulic press at
temperatures of 200°C and 300°C with a ram speed of 3 m/min.
Finite element analysis (FEA) was employed to evaluate the
equivalent stress, strain, and wall thickness distribution in both
core and shell regions. Results indicated that at 200°C, the
maximum equivalent stress reached 348 MPa and the equivalent
strain was 3.29, while at 300°C, these values decreased to 188
MPa and 2.65, respectively. The Brinell hardness test revealed a
gradient from 108 HB in the outer shell to 65 HB in the inner core,
indicating proper metallurgical bonding. Metallographic analysis
confirmed fine, elongated grains along the extrusion direction,
particularly at the interface. Both experimental and simulation
results consistently demonstrated that selecting an optimal
forming temperature of around 250°C ensures uniform material
flow and prevents interfacial defects. This study confirms the
feasibility of manufacturing lightweight, high-strength aluminum
bimetallic tubes for aerospace and energy applications.
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EXTENDED ABSTRACT

Introduction

The weight-to-volume ratio of aluminum is approximately one to three. Although
pure aluminum is highly ductile, it can be strengthened through cold working and
alloying. Moreover, some aluminum alloys can be further hardened by heat treatment.
Pure aluminum is relatively soft and has low strength, but it can be alloyed with other
elements to enhance its strength and obtain additional desirable properties. In general,
composites are materials composed of two or more constituent components whose
combination results in properties superior to those of the individual components.
Bimetallic tubes play a significant role in energy-intensive industries, their use is often
limited due to production costs and resource constraints. Considering the
advantageous properties of composite tubes, the market for extruded tubes has been
steadily expanding, encompassing applications in petrochemical, chemical, pulp and
paper, and energy production industries. The use of composites is economically
beneficial, particularly when the cost of using a single homogeneous material is high.
Aluminum and its alloys are highly suitable for extrusion, and various types of profiles
can be produced from alloys that are easily extrudable. The tube extrusion process is
considered an appropriate method for manufacturing composite tubes. Bimetallic tubes
have essential applications in various industries, including nuclear, chemical, and
electrical sectors—particularly when different performance characteristics are
required from the outer shell compared to the core. Factors influencing this process
include the extrusion ratio, frictional conditions, die geometry, mandrel shape, and the
flow strength of the materials, all of which affect the pressure required for extrusion.
Thin-walled tubes are defined as those with a ratio of radius to wall thickness greater
than 10. In this study, aluminum alloys from the 5000 and 7000 series were
investigated. These alloys were selected due to their widespread industrial applications
and the similarity of their flow behavior under plastic deformation conditions. The main
objective of this research is to examine the mechanical properties of these two alloys
and to conduct both numerical and experimental modeling of the extrusion process to
achieve a more accurate feasibility assessment.

Methodology

The feasibility of producing thin-walled composite tubes made of aluminum alloys
AA5000 and AA7000 was investigated using the direct extrusion method under severe
plastic deformation conditions. The chemical composition of the materials was
determined by quantometric method in accordance with the ASTM E-1251 standard at
a temperature of 23°C.

The raw materials were cut to a length of 25 mm, and then drilling and machining
operations were carried out on the samples according to the specified dimensions and
tolerances. The aluminum tube from the 5000 series was machined with an inner
diameter of 22.4 mm, an outer diameter of 29.4 mm, and a length of 20 mm, while the
aluminum tube from the 7000 series had an inner diameter of 20.4 mm, an outer
diameter of 22.4 mm, and the same length of 20 mm.

The extrusion die was designed based on the method of product ejection and the
specific requirements of the final product. The die needed to incorporate a floating
mechanism, meaning that the extruded part should easily separate from both the punch
and the die. After preparing the raw materials and cutting them to the specified
dimensions, machining and drilling operations were performed on the parts (Figure 1).
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Figure 1. (a) Components of the extrusion die, and (b) the press machine equipped with the
extrusion die.

After assembling the initial parts and die components, the die assembly was
mounted onto a 300-ton hydraulic press. To reduce stress and friction between the
initial workpiece and the punch and die surfaces, these surfaces were coated with a thin
film of MOS; lubricant. The extrusion process was then carried out isothermally, with
the die heated to 200°C using a heater. Once the die and workpiece temperatures had
stabilized and become uniform, the extrusion was performed at a constant speed,
producing thin-walled composite tubes. This process was repeated to manufacture
additional samples.

The extruded thin-walled samples, along with several initial workpieces, were
sectioned using a wire-cutting machine (Figure 2). The cut samples were then subjected
to evaluations such as hardness testing, microstructural analysis, and longitudinal
thickness measurements.

(a) (b) () (d)
Figure 2. (a) Initial workpiece before extrusion, (b) thin-walled tube obtained from extrusion,
(c) sectioned initial workpiece before extrusion, and (d) sectioned thin-walled tube obtained
from extrusion.

Results and Discussion

As shown in Figure 3, the maximum equivalent stress was determined consistently
across all samples, with the first sample exhibiting a value of approximately 348 MPa,
as indicated in the figure. Similarly, the equivalent strain was analyzed uniformly for all
samples, with the first sample showing a value of about 3.29, as presented in Figure 4.
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Figure 3. (a) Contour of equivalent stress distribution in the first sample at 200°C, and (b)

equivalent stress—time curve for the first sample at the same temperature.
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Figure 4. (a) Contour of equivalent strain distribution in the first sample at 200°C, and (b)

equivalent strain—time curve for the first sample at the same temperature.

Conclusion
The numerical and experimental results showed that:

The direct extrusion process using a floating-punch die successfully produced
bimetallic tubes (AA5000/AA7000) without separation.

Increasing the temperature from 200°C to 300°C reduced the extrusion force
by approximately 23%, although it slightly induced discontinuity at the
interface region.

The maximum equivalent stress at the lower temperature was 348 MPa, and
the equivalent strain reached 3.29, causing the greatest deformation in the
shell.

The average hardness of the bonding region was approximately 85 HB, while
the hardness of the shell and core was measured at 108 HB and 65 HB,
respectively.

The numerical and experimental results showed good agreement, with an
average discrepancy of less than 7%.
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