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Abstract

Thanks to their excellent stiffness, high ductility and strength-to-weight ratios, Magnesium alloys are increasing their applications in
different fields, from automotive to aerospace and biomedical engineering. Particularly, in automotive industry the Magnesium
alloys are used for steering wheel skeletons, which are mainly loaded in bending and torsion. Therefore, investigating on the bending
and torsional properties of Magnesium alloys under static and dynamic loading is crucial for practical applications. This paper
presents the results of an experimental program on AM50 Magnesium alloy specimens, tested under quasi-static and dynamic
loading. Three-point quasi-static and dynamic bending tests were conducted on rectangular specimens. A loading speed of 1 mm/s
was assumed in the quasi-static tests. The dynamic tests were carried out by drop weight with three different loading speeds (1, 3 and
5 m/s). The post-elastic behavior of the material was investigated, estimating the load carrying capacity, ductility and energy
absorption and by comparing the results obtained under dynamic and static conditions.
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1. Introduction

Thanks to their excellent stiffness, high ductility and strength-to-weight ratios, Magnesium alloys are increasing
their applications in different fields, from automotive to aerospace and biomedical engineering, Kulekci (2008),
Monteiro (2011), Dvorsky et al. (2019). On the other hand, Magnesium alloys have been adopted both for structural
and nonstructural components since from the end of the 19th century, ranging from nautical and aeronautical industry
to automotive and civil engineering applications, Mazzolani (2004). Merging the potential properties of the two
principal constituent materials together, Magnesium-Aluminum alloys have proven to be competitive with other
structural materials, Easton ET AL (2006), characterized as they are by high resistance to corrosion, good mechanical
properties and remarkable energy-absorbing capacity.

Among commercial Magnesium-Aluminum cast alloys, AMS50 is one of the most used in practical applications.
Several experimental and numerical studies have been developed in the last years on AM50 Magnesium alloys, to
investigate the material microstructure, Kietbus et al. (2006), Wang et al. (2003), tensile ductility Lee et al. (2005),
dissipative properties Kaczynski et al. (2019), fatigue behavior Chen et al. (2007), Marsavina et al. (2019), mechanical
behavior Serban et al (2019), as well as corrosion phenomena Liang et al. (2009). Experimental tests to investigate the
fatigue crack growth micro mechanisms in high-pressure die-cast AMS50 alloy were also carried out by El Kadiri et
al. (20006).

Although some key aspects of the behavior of such materials have been widely investigated, further studies are
needed to better understand their behavior under extreme conditions of loads, when high inelastic deformations are
achieved, and local damage phenomena take place. The purpose of this paper is to determine the properties of AM50
Magnesium alloy under static and dynamic bending tests. In particular, the post-elastic behavior of the material is
studied, while strength, ductility and energy absorption are estimated, the latter being crucial properties of materials
and structures, Ghiani et al (2018), Porcu (2017), Porcu et al. (2012, 2019). The influence of the test speed for dynamic
loading is also investigated. The static tests were carried out according with ASTM E290-97 standard.

The paper is divided into three sections. The first two present procedures and results of the static and dynamic
bending tests on AM50 Magnesium alloy, while the main conclusions are summarized in the last section.

2. Experimental methods

For the mechanical characterization of the AM50 Magnesium alloy, 15 casting networks according to Fig. 1.a

were used. Each casting network is composed of 6 specimens:

e Two Type 1 specimens with rectangular section used for tensile and bending tests, see Fig. 1.b.

e Two Type 2 specimens with circular section (12 mm diameter on the calibrate area), used for tensile and rotating-
bending fatigue.

e Two Type 3 specimens with circular section (6.5 mm diameter on the calibrate area), used for torsion and axial
fatigue. Due to some problems with the separation plan, however, only one of them was suitable for the tests.
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Fig. 1. (a) Casting network; (b) Type 1 specimen with rectangular section.
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The specimens were casted under pressure in the same conditions and technological parameters used to obtain the
steering wheels.

Type 1 specimens with rectangular section (see Fig. 1b) were used for three-point bending tests under static and
dynamic loading.

2.1. Static Tests

The static three-point bending tests were performed by means of the Universal Test Machine Zwick/Roell Z005
having 5 kN maximum force, equipped with two supports and one mandrel, as shown in Fig. 2. A schematic
representation of the three-point test is given in Fig. 2.a, where both the initial and the final configurations are
illustrated. Two pictures taken at the start and at the end of the test are provided in Fig. 2.b and 2.c, while the deformed
specimens are displayed in Fig. 2.d.

With reference to the parameters in Fig. 2, the distance between supports is given by the formula:

£=(D+3h) +>=30.5mm (1)

where D is the diameter of the mandrel or plunger (20 mm) and « is the sheet specimen thickness (3 mm). Tests
were performed at room temperature (23°C) with a loading speed of 1 mm/s according to ASTM E290-97. The
bending force was applied slowly to allow plastic deformation of the material. Bending test was stopped when an
angle o of 120° was reached, Fig. 2 (d).

L .

Mandrel Start position

of the mandrel ﬂ Specimen

= V4

7 LS

£

Specimen ®

Fig. 2. (a) Schematic representation of three-point bending test, (b) initial configuration; (c) final configuration; (d) Specimens after the
static bending tests.
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2.2. Dynamic Tests

Dynamic response of the AMS50 Magnesium Alloy was assessed in three-point bending conditions by using
Instron Dynatup 9210 drop tower. The test stand with damaged specimen is shown in Fig 3. For each test the span
between specimen supports was equal to 62 mm. The impact velocity is adjusted up to 5 m/s by the initial height of
dropped weight and impactor. The investigations were performed for loading speeds of 1 m/s, 3 m/s and 5 m/s.

The test starts when the dropped weight (having mass m) is released from the handle. When the impactor reaches
a position very close to the specimen surface, its velocity is recorded and carrying force p() acquisition starts. The
total force F is defined as the algebraic sum of gravity force and p(?), that is:

F=mg—p(®) )

The actual impact velocity v(t) is computed according to the universal gravitation law, by considering the
gravitational acceleration g and the time interval between the time when the velocity was recorded and the time
when the carrying force was measured by the transducer. From the latter time onwards, the loading velocity
v(t) starts to decrease and the specimen deforms.

The displacement §(t) during impact can be defined as the area under the velocity v(t) curve, which makes
necessary to measure the force p(?) and the dropped mass m. The displacement can be computed by integration of
velocity:

8(t) = [v(e)dt =5 gt? —— [[ p(t)dtdt 3)

Fig. 3. Dynamic three-point bending test stand with damaged specimen

3. Results and discussions
3.1. Static Tests Results

The force—displacement curves obtained from the static bending tests carried out on seven Type 1 specimens are
given in Fig. 4. Curves in Fig. 4 highlights a good correlation between the results obtained for the different
specimens. Table 1 compares the values of maximum force and displacement at the maximum force obtained for
each specimen. In the same table, the values of the ductility, defined as the ratio between the displacement at
maximum force and the displacement at yield, and of the energy absorption, calculated as the area below the curve
excluding the elastic energy, are also provided.

The average values are provided in the last row of Table 1, while the higher and the lower values are evidenced
in bold black and bold blue, respectively.
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Fig. 4. Force-Displacement curves obtained for seven specimens under static bending tests

Table 1. Bending properties obtained from static tests.

Test Maximum Displacement Absorbed energy Ductility
Specimen Speed Force at the maximum force at the maximum force [-]

[ms] Foes [N] 8 [mm] W]
S1 0.001 398.23 21.62 6.27 19.15
S2 0.001 342.42 2045 5.14 18.76
S3 0.001 346.25 22.94 5.21 15.31
S4 0.001 333.54 20.77 5.15 17.33
S5 0.001 352.84 20.49 5.34 16.37
S6 0.001 331.71 20.90 5.19 16.15
S7 0.001 348.43 21.56 5.59 17.52
Average 350.49 21.25 5.41 17.23

3.2. Dynamic Tests Results

The force-displacement curves obtained for three different specimens (namely, SD10, SD3, SD12) under dynamic
bending tests are given in Fig. 5. The curves are plotted for different values of test speed in m/s: 1, 3, 5. For comparison,
the force-displacement curve obtained for the quasi-static test referred to as S1 in Fig. 4, is also plotted in the same figure.
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Fig. 5. Force — Displacement curves obtained for specimens under dynamic bending tests. The quasi-static curve is also provided for
comparison in the figure.
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In Table 2 are listed the values of maximum force, displacement and absorbed energy (under the maximum force)
obtained for each specimen. The higher and lower values are again evidenced in bold black and bold blue, respectively.

Table 2. Bending properties obtained for dynamic tests.

Test Maximum Displacement Absorbed energy Ductility
Specimen Speed Force at the maximum force  at the maximum force [-]

[m/s] Finax [N] 8 [mm] W [J]
SD 10 1 806.46 10.86 4.26 8.37
SD3 3 793.86 17.54 5.45 13.19
SD 12 5 771.77 18.3 5.82 13.76
S1 (quasi-static test) 0.001 398.23 21.62 6.27 19.15

3.3. Discussion of results

The static three-point bending tests were performed according to ASTM E290 — 97 in order to evaluate maximum
load, ductility, absorbed energy and the presence of damage on the surfaces. No imperfections or cracks were detected
on the specimens’ surfaces after the tests, at least to a visual (non-microscopic) analysis. A rather high extent of
ductility and energy absorption was observed during the static tests. Curves in Fig. 4 show that almost the same
value of maximum load, ductility and energy absorption are exhibited by different specimens under static loads, as
also shown by Table 1, except for S1 specimen that showed slightly higher values. On average, during quasi-static
tests, the maximum load was about 350 N, ductility 17.23 and energy absorption 5.41 J.

As far as the dynamic bending tests are concerned, it can be noted that the load-displacement curves obtained
with test speed of 3 m/s and 5 m/s (red and green curves in Fig. 5) were very similar, while the constitutive curve
relevant to 1 m/s speed (blue curve in Fig.5) exhibited a different pattern. The first peak appearing at very low values
of displacement in both the red and green curves is due to some initial settlements of the specimens, so this part of
the curves was not considered when calculating the yield displacement. The last peak appearing in the same curves
corresponds to the maximum value of the load instead, which caused the specimen fracture. On the contrary, no initial
peak appears in the blue curve where the maximum load value is reached more uniformly through shock waves.

Fig. 6. Specimens after the testing

Curves in Fig. 5 show that the extent of the plastic deformation increases as the test speed increases. The ductility
ranges, in fact, from 8.37 for 1 m/s test speed to 13.76 for 5 m/s test speed, while the absorbed energy increases
from 4.26 J to 5.82 J. On the contrary, the maximum load reached during the test, is almost the same for the three
considered dynamic tests (about 800 N). When the test is conducted under quasi-static conditions (0.001 m/s speed),
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the maximum load is almost half (about 400 N), while the ductility almost doubles reaching the value of 19.15, with
an amount of absorbed energy of 6.27 J. It is worth noting that, the absorbed energy during static and dynamic tests
was almost the same, despite of the different extent of the plastic deformation.

The average value of the absorbed energy (7 quasi-static tests and 3 dynamic tests for each speed: 1, 3 and 5 m/s)
is presented in Fig. 7, which shows a good ability to absorb energy for AMS50 Magnesium alloy. This represents an
important advantage of AM50 Magnesium alloy used in safety systems from automotive industry.
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Fig. 7. Average values of absorbed energy for different test speeds
4. Conclusions

The paper presents the results of an experimental investigation carried out on AMS50 Magnesium alloy
specimens. Both quasi-static and dynamic tests were conducted on different specimens die casted with the same
technological parameters and kept in the same environmental conditions, as steering wheel skeletons. The results
show in general a good ductility and capacity to absorb energy for AMS50 Magnesium alloy.

The following conclusions could be drawn:

1. The maximum force achieved during dynamic bending tests is on average about 800 N. When the test is

conducted under quasi-static condition, it is almost half (about 400 N).

2. Under dynamic tests, the ductility and the absorbed energy increase as the test speed increases, reaching their
maximum values (13.76 and 5.82 J, respectively) for 5 m/s test speed.

3. Under quasi-static tests, however, the ductility exhibited by the material is higher (up to 19.15) than under
dynamic tests.

4. On contrary, the absorbed energy during static and dynamic tests was, on average, almost the same (about 5 J),
despite of the different extent of the plastic deformation.

5. Under dynamic tests, all the specimens were broken at almost the same maximum load, regardless the test speed.
However, the specimens reached a different value of bending angle a under different test speed, due to the
different post-elastic behavior (maximum displacement and extent of the plastic range) exhibited by the
specimens when tested with different speed, Fig. 6.

The results of the present paper add new elements to the knowledge of the behavior of AMS50 Magnesium alloy
under bending tests. Evidences found in the literature show that under tensile tests the yield strength of most metals
and alloys typically increases as strain rate increases, while a decrease in ductility (and even a transition from ductile
to brittle fracture) is often associated to the increase of strain rate, Davis (2004). The results of the present study
confirm the increase of yield strength with test speed for AMS50 Magnesium alloy under bending tests. Although the
ductile behavior of such alloy seems to improve with test speed, however, higher values of ductility are found when
static tests are performed, due to a higher inelastic deformation of specimens.

Of course, further experimental investigations are needed to make the present conclusions more robust and general.
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