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s Abstract

o The main focus of this work is to discuss the influence of the projectile?s length on the results
10 of a Split Hopkinson Tension Bar (SHTB) experiment. By using the commercial software

un  ABAQUS, finite element simulations of high-strain-rate tension experiments are accomplished
12 on Aluminium 7017-T73 alloy specimens when varying the length of the projectile employed.
13 The finite element analyses described herein are applied to simulate the effects of the variation
12 of the projectile?s length on the measurements obtained in the incident, reflected, and

15 transmission bars. Different strain rates are obtained when varying the projectile?s length

16 always provided that its speed remains constant. The simulation results show that the

17 projectile?s length has a significant effect on the strain obtained in the specimen and also on
18 the subsequent stress-strain curve of the specimen. In view of this research, it can be

19 concluded that the projectile?s length is a factor that can resolutely influence the interrupted
20 dynamic tension experiment results since it has a significant effect on the strain obtained

21 within the specimen. The simulations also provide complementary information to the

2 experiments and an in-depth understanding of the specimen?s behaviour.

23

24 Index terms— tension experiment, high-strain-rate testing, stressa??”strain curve, finite element method,
25 split hopkinson tension bar, mechanical characterization.
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2 I. Introduction

everal techniques have been widely implemented in characterizing the high-strain-rate mechanical behaviour of
engineering materials in order to optimize their use. The most common method for determining such dynamic
behaviour is the Split Hopkinson Bar, which can be used both in tension (SHTB) and compression (SHCB).
The Split Hopkinson Bar is used to test materials at strain rates as high as 10 4 s -1 . Simultaneously, damage
evaluation and safety assessment of the integrity of structural elements under dynamic loading have recently
drawn the attention of researchers. In this field, material dynamic response and dynamic constitutive material
models are still necessary. The dynamic behaviour of materials studies have become increasingly relevant to many
technological applications, such as those of Aeronautics, in which structural elements may undergo impacts due to
the vulnerability of satellites and spacecrafts to collisions with space debris. It is also crucial in the Transportation
Industry, in which under the hardest working conditions there is insufficient time for stress equilibrium to be
achieved within the materials employed. Finally, it is also relevant in Ballistics, where modeling of armour panels
under projectile impacts must become accurate.Quasistatic loading is applied so slowly that materials deform at
a very low strain rate and therefore the inertia forces can be ignored. On the contrary, in a dynamic loading,
impact involves a load which is quickly applied over a short time duration and therefore the inertia forces must
be definitely considered. Whereas a quasi-static test can be interrupted at any time to study the microstructure
of the material under a determined strain level, interrupting a dynamic test becomes an arduous issue.Therefore,
the main focus of this work is to study the behaviour of materials under high strain rates and develop a tool which
permits the materials being tested to undergo different levels of strain and strain rates in a controlled manner.
In order to meet such requirements, the belowreferred setup relevant to the viability of a SHTB model has been
accomplished: 1. Finite element simulation of high-strain-rate tension experiments using different strain rates
and projectile’s lengths.

3 Comparison of the stresses and strains obtained at

a determined strain rate and study of the influence of the projectile’s length on the interrupted dynamic tension
experiment results. 3. Design of a SHTB model when using an Aluminium 7017-T73 alloy in which the effect of
the projectile’s length can be taken into account.

4 1I. Experimental Apparatus

The SHTB apparatus as installed in the Universidad Carlos III de Madrid Engineering Laboratory shown in
figure 1 The yield strength of the material used to fabricate the bars must be high enough to withstand the
strains reached during the experiment. Its remaining properties must be precisely determined in order to foster
the most reliable results.

Two strain gauges mounted on the incident and transmission bars enable the stress waves to be measured, as
shown in fig. 2. The information gathered by the strain gauges is sent to a data acquisition system that consists
of a signal conditioner and an oscilloscope, where test data can be computed. The specimen ends are screwed
into both the incident and transmission bars. The incident bar, which is longer than the transmission bar, is
impacted by the projectile.

The basic principle is to use a tubular projectile which impacts the flange of the incident bar to generate
compression waves that will be converted to tensile waves by the flange. The projectile is a hollow cylinder that
is launched using a chamber with compressed gas with a maximum pressure of 8 bar. The optimum pressure in
every test for the required impact can be chosen using a control valve.

5 III. Results

The primary assumptions of the SHTB analysis are the uniform deformation of the specimen and the absence
of stresses in transverse direction. Other assumptions include a constant strain rate while testing and quick
equilibration of stresses in the specimen. According to the one-dimensional wave theory and the assumption of
a uniaxial and homogeneous stress and strain in the specimen, the stress, strain and strain rate can be therefore
calculated. The one-dimensional elastic wave theory is valid only if wave dispersion due to three-dimensional
effects (radial inertia of the bars) can be neglected. Therefore, the difference in the inner and outer elements
considered must be negligible in the FE model as well.

All data shown below are relevant to the centre of the specimen (i.e. the area in which stresses and strains
in the specimen reach their maximum values). Four elements are selected both in the incident and transmission
bars at the strain gauge’s height. They areplaced at a distance equal to 0, 4, 7.5, and 11 mm with respect to the
centre of the bar.

The graphs depicted in figures 3 and 4 illustrate that there is no significant difference in the values obtained
from the four elements considered. The one-dimensional wave theory is met for a strain rate equal to 1,300s
-1 and a 33-cm long projectile. Other numerical simulations are accomplished to obtain the stress, the strain,
and the strain rate corresponding to 20-cm long, 40-cm long, and 55-cm long projectiles. The longest projectile
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produces a wave in which the stress values become the highest ones. On the contrary, the shortest projectile
produces a wave in which the stress values happen to be the lowest ones. The incident wave caused by the
55-cm long projectile yields a maximum stress value equal to 480 MPa and the reflected wave relating to such
projectile’s length turns out a maximum stress value equal to 455 MPa. The incident wave caused by the 40-cm
long projectile reaches a stress value of 350 MPa and the pertaining reflected wave yields 330 MPa. 175 MPa
are reached by the incident wave and 155 MPa by the reflected wave when using the 20-cm long projectile. As
shown in fig. 5, the incident wave is larger than the reflected one. This is due to the strike of the incident wave,
which is partly reflected and partly transmitted to the specimen.

Every wave starts at 0.47 msand there is a slight difference in time duration when comparing the time values
obtained by each projectile. The highest duration corresponds to the longest projectile. Such difference is
minimal, since the waves’ speed is really high(close to 5,170 m/s).

Another significant difference can be noticed when switching over from the incident wave to the reflected one.
In this case the wave relevant to the shortest projectile tends to become horizontal, whereas those of the other
ones remain inclined along the same portion of the curve. It can also be observed that the wave pertaining to
the longest projectile happens to be the most inclined one. This occurrence shows that the longer the projectile
is, the longer the time duration of the wave.

The transmitted waves are taken from the transmission bar of the model. The measurements are also taken
from the points in which the strain gauges are placed in a real experiment. Figure 6 Figure § shows that the
maximum values of the waves transmitted by both the 55-cm long and the 40cm long projectiles are alike. This
occurrence is due to the high strains reached by the specimen, which are actually over its failure strain. Therefore,
under such conditions the specimens would break after necking.

On the contrary, the specimen undergoes lower strain values when it isimpacted by the 20-cm projectile.
The specimen does not reach its ultimate tensile strength and therefore no necking effects are observed in the
specimen. Figure 7 shows the strain values caused in the midpoint of the specimen’s gauge length resulting from
the impacts of projectiles with different sizes. It can be observed that the highest strains turn out to occur when
using the longest projectiles. The slope of the linear portions of each curveindicates the value of the strain rate.
Since the steepest slope is that of the 55-cm long projectile, it can be inferred that the longest projectile causes a
higher strain rate than the others. The strain rate of the specimen is computed as the derivative of the variation
of strain with time at the midpoint of the sample. Figure 9 shows the values of strain rates obtained when using
different lengths of the same projectile.

6 Global

It can be observed that the 55-cm long projectile impacts at a strain rate equal to 2100s 47”71 approximately,
whereas the 40-cm long projectile reaches a maximum value of the strain rate which is in the region of 1500s
477?71 .The 20-cm long projectile impacts around 1000s 47”71 . undergoes the maximum strain values. The higher
the strain rate is, the lower its time duration. The strains and strain rates obtained are higher when using the
50-cm long projectile.It can be deduced that if specimens with higher ultimate tensile strength are to be tested,
the impact pressure in the incident bar must increase or otherwise longer projectiles must be used.

7 IV. Conclusions
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