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Abstract

Aluminum tubes are efficient energy absorbing components and are widely used for
frameworks and reinforcement members of the structures. The effect of the axial length,
cross-sectional shape and impact angle of weight on the deformation behavior were
investigated. Regarding the axial length, it has changed only to a certain length, and there
are few studies on it. In addition, there are few studies on the effect of aluminum square
tube thickness. It is known that when the aluminum square tube is deformed, elastic
deformation occurs in the entire square tube prior to plastic deformation. Since this is
periodic and wavy, it seems that the axial length will have a large influence. This paper
deals with the influence of impact angle on deformation of axially compressed aluminum
square tube. An analysis of the dynamic deformation process of the square tube was made
with a finite element method. The results shows that when the thickness of the square tube
increases, the overall buckling tends to occur as the axial length increases. In addition,
when the impact angle increased, there was a tendency for local deformation to occur
easily.

1. INTRODUCTION

Square tubes have been used for framework and reinforcement members of structures. There are many studies
on circular tubes, and deformation behaviors have been studied by static and dynamic compression tests [1, 2].
Previous studies have shown that square tubes have a role of absorbing impact energy by crushing under pressure
in the axial direction at the time of a impact [3, 4]. Aluminum alloy has a Young’s modulus that is one-third that
of commonly used steel materials, giving it the disadvantage of low rigidity. In addition, the whole buckles
become large when thickness is increased, and causing axial compression deformation, which cannot effectively
absorb impact energy [5]. The tubular bodies with polygonal tubes and cellular cross sections have been studied
as a means to effectively absorb energy [6]. Additionally, an influence of axial length on dynamic axially
compressed aluminum tubes is being considered [7-10]. The dynamic axial compression behavior of various kinds
of polygonal tubular structures with ribs are considered [11, 12]. It is known that elastic deformation occurs in the
entire square tube prior to plastic deformation when the square tube deforms. Since this is periodic and wavy, it
seems that the axial length will have a large influence [13]. The purpose of this paper is to discuss the deformation
behavior of aluminum square tubes during dynamic axial compression for different axial lengths, impact angles
and thicknesses.

2. Numerical Analysis

The analysis is conducted using a nonlinear structure analysis program (Marc 2023) and pre-post processor
(Mentat 2023). An example of analytical model is shown in Figure 1. The specimen is an aluminum tube (A6063-
T5). The material properties of the tube being analyzed are shown in Table 1. The axial lengths are | = 100 mm,
150 mm, 200 mm, 300 mm and 500 mm. They are discretized with bilinear 4-node shell elements of 4000, 6000,
8000, 12000 and 20000, respectively. The thicknesses of the square tubes are 1 mm, 1.5 mm and 2 mm. In the
analysis, an impact angle of 8 =0°, 0.5°, 1°, 1.5°, 2°, 3°, 5° and 10° was given between the weight and the impact
edge of the square tube. Schematic diagram of the analysis model is shown in Figure 2.
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Figure 1: Analytical model of square tube.
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The nodes at the edge of the tube are fixed with the exception of an axial direction of the impact edge. The weight
(80 x 80 x 20 mm, 15 Kkg) is an un-discretized three-dimensional, eight-node, first-order, isoparametric element.
The deformed tube is regarded as an isotropic material following von-Mises yield condition, and the flow stress-
strain relationship is described in Equation (1) because the effect of the strain rate of the aluminum is smaller than
that of other materials such as iron, etc. [14].

Table 1 Material properties of aluminum (JIS A6063-T5)

Figure 2: Impact angle of weight.

Young’s modulus E/GPa 69
Poisson’s ratio v 0.33
Density p | kg/md 2.71x10°
Work-hardening modulus F/ MPa 268
Work-hardening exponent n 0.065
o=Fg&". Q)

In this analysis, the time step width is 1 ps. The Newton-Raphson method and the updated Lagrangian
formulation are used as the solution methods of the non-linear equation, and the single-step Houbolt of implicit
solution time-integration method is used for the analysis of dynamic deformation [15]. The impact velocity is 10
m/s.

3. Results
3.1. Analytical results

Final deformations of square tube are shown in Figure 3. When the thickness of the square tube is 1 mm, the
deformation shape was concave-convex in adjoining surfaces, and crushed in a bellows-like manner. The square
tube is effective for impact absorption member because the impact is absorbed by the partial buckling. On the
other hand, when the thickness of the square tube is 1.5 mm, the deformed shape is an overall buckling shape
when the axial length is 300 mm and the impact angle is 1° and when the axial length is 500 mm and the impact
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Figure 3: Final deformations of square tube. (a) t = 1mm, | = 100 mm, (b) t = 1.5 mm, | = 100 mm, (¢) t = 2 mm,
1=100 mm, (d) t=1mm, 1 =300 mm, (e) t=1.5mm, =300 mm, (f)t=2mm, | =300 mm, (g)t=1mm, | =
500 mm, (h) t=21.5mm, I =500 mm and (i) t =2 mm, | = 500 mm.

3.2. Strain distribution

Strain distributions along the hill and valley of the concave-convex surface for the case of t =1 mm, | = 500
mm is shown in Figure 4. Axial Strain around the corners is large regardless of the change in impact angle. Even
if the impact angle changes, the trends of the axial strain distribution were not considerably affected. Similar
trends are observed at other axial lengths when the thickness of the square tube was 1 mm.
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Figure 4: Strain distributions along the hill and valley of the concave-convex surface (t = 1 mm, | = 500 mm).
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On the other hand, the strain distribution along the peaks and valleys of the concavo-convex surface for t = 1.5
mm, 1 =500 mm and 6 = 1° is shown in Figure 5. The strain on one side is almost zero. This is because the whole
square tube is bending and the impact is not absorbed by the partial buckling. The same tendency is observed
when the thickness of the square tube is 1.5 mm, the axial length is 300 mm and the impact angle is 1° and when
the axial length is 500 mm and the impact angle is 1° and when the thickness of the square tube is 2 mm, the axial
length is 300 mm and impact angles are 1°, 1.5° and 2° and when the axial length is 500 mm and impact angles
are 0.5°, 1°, 1.5° and 2°, because the square tube absorbs the impact by bending.
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Figure 5: Strain distributions along the hill and valley of the concave-convex surface (t = 1.5 mm, | = 500 mm,
6=1°.

3.3 Relationship between axial load and Impact angle

Relationship between axial load and impact angle for the case of I = 500 mm and t = 1 mm is shown in Figure
6. When the impact angle of the weight increases beyond a certain angle, the initial peak load becomes smaller.
The same tendency is observed for other axial lengths and wall thicknesses. When the impact angle increases, it
is conceivable that the time for the upper edge of the square tube to contact the weight is delayed.
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Figure 6: Relationship between axial load and impact angle (I = 500 mm, t = 1mm).

3.4. Relationship between axial displacement and Impact angle

Relationship between axial displacement and Impact angle for the case of | = 500 mm and t = 1mm is shown in
Figure 7. When the impact angle of the weight increases beyond a certain angle, the axial displacement tends to
increase when the initial peak load occurs. The same tendency is observed for other axial lengths and wall
thicknesses.
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Figure 7: Relationship between axial displacement and impact angle (I = 500 mm, t = 1mm).
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4, CONCLUSION
From numerical analysis, the following conclusions were obtained.

(1) When the impact angle of the weight is small, the energy is absorbed by the entire edge, resulting in a larger
initial peak load.

(2) When the impact angle of the weight is large, energy is absorbed step by step from the first edge to the
second edge, resulting in a smaller initial peak load.

(3) When the impact angle of the weight is large, the axial displacement at the initial peak load is large.

(4) When the thickness of the square tube increases, the overall buckling tends to occur as the axial length
increases.

(5) When the impact angle increased, there is a tendency for local deformation to occur easily.
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