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ABSTRACT
A series of compression experiments characterising the elastic-plastic response of single crystal and
polycrystalline tantalum from quasi-static to intermediate strain-rates (10-3 – 103 s-1) over a range of
temperatures (233 – 438 K) are reported in this paper. The single crystal experiments show
significant differences in the response of the three principle crystal orientations of tantalum in terms
of yield, work hardening and ultimate deformed shapes. Modelling is undertaken using a dislocation
mechanics based crystal plasticity finite element model giving insight into the underlying
microscopic processes that govern the macroscopic response. The simulations show the importance
of the dislocation mobility relations and laws governing the evolution of the mobile dislocation
density for capturing the correct behaviours. The inclusion of the twinning/anti-twinning asymmetry
is found to influence [100] orientation most strongly, and is shown to be critical for matching the
relative yield strengths. In general the simulations are able to adequately match experimental trends
although some specific details such as exact strain hardening evolution are not reproduced
suggesting a more complex hardening model is required. 3D finite element simulations
approximating the tests are also undertaken and are able to predict the final deformed sample
shapes well once the twinning/anti-twinning asymmetry is included (particularly for the [100]
orientation). The polycrystalline data in both as-received and cold rolled conditions shows the initial
yield strength is highest and work hardening rate is lowest for the cold-rolled material due to the
increase in mobile dislocation density caused by the prior work. The general behavioural trends with
temperature and strain-rate of the polycrystalline materials are reproduced in the single crystal data
however the specific form of stress versus strain curves are significantly different. This is discussed in
terms of the similar active slip systems in polycrystalline material to high symmetry single crystals
but with the significant added effect of grain boundary interactions.
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1 INTRODUCTION

The plasticity of polycrystalline tantalum has been extensively studied in previous decades over a
large range of strain-rates and temperatures

1-6

. Tantalum, along with other body centred cubic

(BCC) metals, exhibits a number of distinctive properties that distinguish it from, for example, face
centred cubic (FCC) metals, such as: the dominance of screw dislocations in defining dislocationmediated plasticity 7, strong strain-rate and temperature dependence of the yield stress that can be
attributed to thermal activation over a large Peierls barrier 8, violation of the Schmid law

9

that

predicts slip occurs on a slip system when the resolved shear stress reaches a critical value (which is
a material constant/property)

10, 11

, and ambiguity in the operative slip systems

plethora of experiments on polycrystalline tantalum have been performed8,

12

. Although a

13-20

, interaction

between the constitutive single crystal grains can complicate interpretation of the underlying
fundamental plasticity mechanisms. Recent studies

21

have shown that single crystal effects play a

key role in influencing the macroscopic response of polycrystals, and so an accurate description of
these effects is sought through experiments on single crystal materials.
Published data on single crystal tantalum in low strain-rate compression and tension
experiments at various temperatures

10, 11, 22-25

have revealed non-Schmid effects, tension-

compression asymmetry, strong directionality of the yield stress, and sensitivity to impurity content.
Many of the non-Schmid effects are explained, at least qualitatively, by assuming that resistance to
glide on {112} planes is lower in the twinning sense than the anti-twin sense

26

. Microstructural

analyses on single crystals deformed along [110] 23, revealed localised rotations within the crystal
due to plastic slip, but no evidence of other dislocation mechanisms or twinning. At higher strainrates (of the order 103 s-1) split Hopkinson pressure bar (SHPB) techniques have been used to load
[100] and [110] directions 27, and

and

directions at a range of temperatures 28. A strong

dependence of yield stress and strain hardening rate on crystal direction was seen. Single crystals
deformed along [110], under uniaxial stress conditions, at both quasi-static

23

and SHPB

27

strain-

rates show essentially plane strain that endures to large strains, with initially cylindrical samples
taking on an ovoid cross-section. At higher rates still (≥ 105 s-1) ramp loading
and laser driven

34

29, 30

plate impact

31-33

experiments on some orientations of single crystal tantalum have all been

reported noting various orientation dependencies on the measured response and active
deformation mechanisms.

Crystal plasticity (CP) finite element models, like those described by Bronkhorst et al. 35, are
being developed to predict material behaviour across a range of loading strain-rates and
temperatures. These models give the possibility of exploring microscopic processes and the
deformation of anisotropic heterogeneous crystalline materials by including descriptions of elasticplastic deformation mechanisms in single crystals. Single crystal experiments offer a stringent tests
of these CP models and a more direct link to microscopic deformation. In order to model the elasticplastic response of BCC tantalum over a large range of strain-rates requires accurate account of
thermal activation processes, phonon drag processes for stresses that exceed the Peierls stress and
dislocation density evolution. Account of the mobile dislocation density evolution is key in predicting
many observations in shock deformation, such as elastic precursor decay 36, 37 and the peaks seen in
precursor waves 38, while hardening behaviour, that depends on dislocation-dislocation interactions,
is intimately linked with evolution of the dislocation density. Together with inclusion of the
aforementioned non-Schmid effects, accurate modelling in these regimes is challenging.
The aim of the current study is to experimentally characterise the low and intermediate rate
elastic-plastic compression response of single crystal tantalum in the three principle orientations
([100], [110] and [111]) and polycrystalline tantalum in both as-received and cold rolled conditions.
To this purpose, uniaxial stress compression experiments have been performed at strain-rates of ~
10-3 s-1, 10-1 s-1, and 103 s-1, and at temperatures between 233 K and 438 K. These experiments are
part of an ongoing programme to characterise the response of tantalum across a range of strainrates 20, 33 , 39-44 to provide benchmark data for CP finite element model development, gaining insight
into the underlying microscopic processes that govern the macroscopic response. The single CP
model presented here has been developed to be applicable over a large range of strain-rates from
quasi-static and intermediate rates (≤ 104 s-1), shown in this paper, up to shock loading (≥ 105 s-1).

2 MATERIALS AND EXPERIMENTS

2.1

Materials

Three bars of approximately 14 mm diameter single crystal tantalum were obtained from Metal
Crystals and Oxides Ltd, Cambridge, UK. The bars were grown with axes parallel to the [100], [110]
and [111] crystallographic directions. Reported mis-orientation was less than 0.5° and the purity was
99.99 % minimum. Transmission electron microscopy (TEM) bright field images of the undeformed

materials are presented in Figure 1. All three orientations show low levels of dislocation density
measured to be ~ 6 x 1012 m-2 in each sample. The TEM also confirmed the single crystal nature of the
materials, showing no evidence of low angle grain boundaries. Measured interstitial contents
showed oxygen to be the primary impurity, present in the range 130 – 180 ppm.

(a)
a)

(b)
b)

(c)
c)

Figure 1: TEM images of the initial single crystal tantalum samples: (a) [100], (b) [110], (c) [111].

The polycrystalline tantalum used for this research is of the same batch as used in previously
reported shock experiments 20. In its as-received condition it displays a texture preference for the
<001> direction, a relatively low dislocation density with the dislocations arranged in a loose cell
structure. The same material was sequentially cold-rolled in one direction to a reduction in thickness
of 50% putting in an equivalent strain of 0.8. Electron back scatter diffraction revealed that the coldrolled material showed little change in texture aside from a degree of grain rotation. The dislocation
density appeared to have increased by only a small amount, although dislocations arranged
themselves into a more clearly defined cell structure.

2.2

Experiments

Quasi-static compression and split Hopkinson pressure bar (SHPB) experiments were undertaken in
the Mechanical Engineering Department, Imperial College London. Approximately 90 uniaxial stress
compression experiments were performed in total using the three orientations of single crystal
tantalum and polycrystalline tantalum in as-received and cold-rolled conditions. Cylindrical samples
of approximately 4.5 mm length and 4.5 mm diameter were compressed in three strain-rate
regimes, ~ 10-3, 10-1 and 103 s-1 and three temperatures, 233 K, 293 K and 438 K (or 415 K for the

highest rate SHPB experiments). The low and intermediate strain-rate experiments were carried out
using an Instron® 5584 load frame machine with an integral furnace/cooling chamber. Samples were
taken to large total true strains (~ 70 %). For the higher strain-rate experiments, the samples were
heated/cooled in a temperature chamber for ~ 10 minutes before being transferred in a PTFE
insulating holder to the SHPB. The SHPB was modified in order to bring the bars into contact with
the sample and fire in a short period of time, ~ 230 ms from contact until the compression pulse
entered the input bar. This ensured minimal heating/cooling of the samples. The sample
temperature stated is based on a number of thermocouple test runs such that the final temperature
is estimated to be accurate to ± 2 °C. A momentum trap was also used on the SHPB in these
experiments to ensure that the samples were only struck once. For the SHPB samples this led to
total strains of between 10 – 20 %. A number of the compressed single crystal samples from a
selection of rates and temperatures were additionally examined using X-ray tomography to recreate
a full 3D representations of the deformed shapes for comparison with the crystal plasticity model
predictions.

3 RESULTS AND DISCUSSION

3.1

Single Crystals

Typical quasi-static true stress versus true strain data is shown in Figure 2(a) for the three single
crystal orientations at 233 K. Significant differences in response between the materials are apparent.
For example, the yield strength is highest for the [111] orientation and lowest for the [110]
orientation, suggesting variation in active slip systems. Work hardening, up to ~ 10% strain, is largest
for the [100] orientation and smallest for [110]. Also apparent for the [111] orientation is the
presence of an upper and lower yield point , seen at 1-2% strain, and a large dip and reload
behaviour in true stress above ~ 10% strain. The occurrence of an upper and lower yield point
indicates that the stress required to maintain plastic flow in the [111] crystal immediately after
yielding is lower than that required to start it. The dip and reload behaviour is the result of a
significant shearing action which can be observed in the recovered [111] orientation samples which
had a complex collapsed shape. None of the post-test recovered samples for any orientation were
perfectly cylindrical as indicated in Figure 2(b) with typical X-ray tomographic scans of low-rate
tested samples. It was observed that recovered [110] crystals were oval in cross-section, i.e. they

exhibited approximately “plane strain” deformation, with plastic strain essentially negligible along
one direction and finite along the other two, in agreement with previous quasi-static and SHPB
uniaxial stress experiments

23, 27

. In general the [100] crystals exhibited a square-like cross-section

with 4-fold mirror symmetry although were more elongated in the high temperature tests. This
differs
a

from

previously

reported

27

data

where

we

infer

that compressed [100] samples remained circular. Insight into the origins of all these shapes are

discussed later. Overall it appears that conditions of uniaxial stress are maintained in these
deformations, with the exception of the [111] orientation samples past ~ 10 % strain for the low-rate
experiments.

600

a)

b)

[110]

[100]

True Stress (MPa)

500
400

[111]

300
[100]: 7.0E-4 /s
[110]: 7.8E-4 /s

200

[111]: 7.3E-4 /s
[100]: 6.5E-2 /s

100

[110]: 7.5E-2 /s
[111]: 7.5E-2 /s

0
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

True Strain

Figure 2: a) True stress - true strain data for low rate compression tests carried out at 233 K on the
three orientations of single crystal tantalum, shown up to true strains of ~ 70%. b) X-ray
tomographic scans showing 3D surface shape of the three orientations of single crystal as
deformed at room temperature at ~ 7 x 10-4 s-1.

a

There is a discrepancy in the paper by Rittel et al.27 as the final shapes noted in the text and

shown in figure 4 do not agree. We have inferred that it was their [100] crystals which remained
circular due to the agreement with the oval shapes of the [110] crystals.

a)

b)

c)

Figure 3: Typical true stress - true strain data for SHPB experiments on single crystal Ta at a) low
temperature (233K), b) room temperature (293K) and c) high temperature (415K). Note that the
strain-rates stated are the mean rates measured from yield to ~ 15%.

The initial temperature effect on the single crystal samples are shown for the higher rate SHPB data
in Figure 3. The stress versus strain data shows the same consistent ordering of yield stress at all
temperatures between the crystals as observed at lower rates, with [111] being the strongest
followed by [100] and [110]. These relative yield stresses are consistent with other experimental
studies 24, 27, although not with the work of Byron et al.
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where the yield stress of [110] appears

larger than [100]. In general the [111] and [110] orientations exhibit a similar work hardening after
yield while the [100] hardens more significantly at all rates. All materials exhibit a significant degree
of both temperature and strain-rate sensitivity.
The flow stress determined at 10% true strain for the data is presented in Figure 4 as a function of
initial sample temperature (Figure 4(a)) and average strain-rate for the room temperature
experiments (Figure 4(b)). Here we have also taken the opportunity to compare to previously
reported data on [100] and [110] single crystal tantalum 27.

a)

b)

Figure 4: Flow stress determined at 10% true strain for single crystal tantalum samples plotted
versus a) initial sample temperature and b) average test strain-rate at room temperature
compared to previously reported data 27.

The temperature dependence of the materials is shown clearly in Figure 4(a), with the ordering of
flow strength consistent across the range tested. The flow strength for all three orientations decay in
a similar manner with increasing temperature and for all strain-rates. The rate dependence is shown
more clearly in Figure 4(b) indicating the increase of flow strength with strain-rate. The [111] data
displays a slightly larger rate-dependence than the other orientations. The figure also shows the
general agreement with the [100] and [110] data presented by Rittel et al. 27
It is noted that research practicalities in this case did not allow a large number of repeated
experiments to be undertaken as would normally be desired. One nominal repeat of each high and
low temperature test at high strain-rates was undertaken for all three orientations, with the data
shown in Figure 4(a). In general, overall stress-strain behaviour and final sample shapes were
consistent but with small variations in flow stress similar in magnitude to those of Rittel et al.

27

shown in Figure 4(b). These experiments have been modelled using a dislocation mechanics based
CP finite element model. The model is based on those presented by Bronkhorst et al. 35, 45, 46 but also
includes a physically based model for slip kinetics to provide a description of the evolution of the
dislocation sub-structure, similar to that presented in other papers 1, 47, 48. The model, developed to
be applicable over a large range of strain-rates from quasi-static (≤ 10-3 s-1) to shocks (≥ 105 s-1),
describes dislocation velocity by thermal activation and dislocation drag processes (fitted to
molecular dynamics data) and includes evolution of the mobile and immobile dislocation densities
(fitted to shock data). Twinning in BCC metals is more likely at low temperatures and high strainrates

49

, however only dislocation-mediated plasticity is currently considered in the model. It is

assumed that the current simulations represent slip planes in an average sense, and so slip on {110}

and {112} planes in <111> directions is considered. A non-Schmid effect resulting in a twin/anti-twin
(T/AT) asymmetry has been introduced by assuming that resistance on {112} planes is larger in the
anti-twin sense. The full details of the model will be presented in a future paper.
Simulations of the three crystal orientations were first undertaken across the range of strain-rates
and temperatures applied in these experiments using a single finite element cell to explore the
stress-strain response. Example simulation and experiment data for the room temperature SHPB
experiments are shown in Figure 5. Suppression of the {112}AT slip systems was key to predicting
relative initial yield stress magnitudes in agreement with the experiments for the three directions.
Without the alteration, [100] and [110] initial yield stress predictions were of similar magnitude to
each other. With the alteration, only the [100] results were affected, seeing an increase in yield
stress. Suppression of {112}AT systems means that in the [100] simulation the

systems

that are less favourably oriented must be employed to accommodate the imposed plastic strain, and
thus the yield stress is larger. For deformation in the [110] and [111] directions, {112}AT systems are
not significantly active using a Schmid model, and so their suppression has negligible effect on the
stress-strain response. The general experimental trends (initial yield stress, hardening rates, and the
relative flow stress magnitudes between the three directions) were described fairly well by the
model, although specific details are not. For example, exact details of the strain hardening rates are
not reproduced. In the data shown in Figure 5 it can be seen that the [100] orientation displays a
larger hardening rate (up to strains of ~ 0.1). The [100] orientation has more available slip systems
and the hardening behaviour, which depends on dislocation-dislocation interactions, is intimately
linked with evolution of the dislocation density. Together with inclusion of the aforementioned nonSchmid effects, accurate modelling in these regimes is challenging. More complex hardening models
(e.g. Stainier et al. 50) could be employed in future work to address this shortcoming. It is also noted
that when modelling was applied to the low and high temperature experiments the comparison to
experiment was similar in all cases except for the [111] orientation at high temperatures. At this
condition the model produced flow stresses significantly lower (~ 100 MPa) than the experimental
results. This suggests that a significant effect is unaccounted for in the applied model, for example
slip on {123} planes which is more likely at higher temperatures [51].

Figure 5: Simulations of SHPB uniaxial stress tests using a single finite element. Experiment: solid
lines, simulation: dashed lines.

In general the strain state for single crystals is not uniquely defined by the standard measurements
made in uniaxial stress compression tests. As such the stress-strain values must be used carefully in
any assessment. The intention for this research is the comparison of experiment and modelling to
develop and validate crystal plasticity models. As such, in addition to the single cell simulations, 3D
finite element simulations approximating the SHPB tests were also performed. Here the models are
able to directly compare to, and give insight into, the experimental deformed sample shapes. Figure
6 compares the x-ray tomographic scans of the post experiment shapes with simulated shapes at
approximately equivalent axial strains.

a)

b)

c)

d)

e)

f)

Figure 6: Comparison of 3D tomographic scans of SHPB exeriments and simulations. Experiments:
(a) [100], (b) [110], (c) [111]; simulations: (d) [100], (e) [110], (f) [111]. Length units are in mm.
Colour scale in simulations signifies equivalent plastic strain contours.

The final sample shape for the [100] SHPB simulation Figure 6(d) is seen to be in fairly good
qualitative agreement with the experiment, showing a square-like cross-section with 4-fold mirror
symmetry. Suppression of the (112)AT systems was key in achieving this agreement; a conventional
Schmid model produced deformed specimens having a circular cross-section. Deformation features
on the sides of the specimen are present in the simulations that are not seen in the experiment. This
difference is not understood, but could be related to transient effects arising from the approximate
boundary conditions applied here.
For the [110] SHPB simulations, better agreement with the experimental sample shape was obtained
by offsetting the compression direction by 0.5 from ideal (i.e. within the crystal mis-orientation
accuracy). The simulated final sample shape, Figure 6(e), is seen to be in good qualitative agreement
with the experiment Figure 6(b). The simulation and experiment exhibit approximately “plane strain”
deformation, with plastic strain essentially negligible along

and finite along [110] (the

compression axis) and [001]. The [110] single cell simulation revealed the active systems to be:

,

,

,

,

and

of these systems shows they are not expected to contribute plastic strain in the

and examination
direction. The

experimental specimen shows localised deformation features that the simulations are not expected
to reproduce, although the onset of features of this type is evident in the simulations in Figure 6(e).
Final sample shapes in all of the [111] experiments taken to large strains consistently showed a
heavily sheared shape. The onset of shear in this high-rate, lower strain example can be seen in the
scanned sample in Figure 6(c). Simulations of deformation exactly along [111] did not yield sample
shapes in agreement with experiment. Offsetting the compression direction by a fraction of a degree
from ideal yielded better agreement, as shown in Figure 6(f) for a sample offset by 0.1. The
simulated sample sides do not remain parallel, and the sample undergoes shear, similar to the
deformation that occurred in the experiments. Only three slip systems are significantly activated in
the [111] simulations:

,

and

. For compression along ideal [111]

(achievable in simulations), the systems experience identical resolved shear stresses, are activated
to an equal degree, and their symmetry means the sample deforms uniformly, with the sides
remaining parallel. When compression occurs along a direction slightly offset from [111] (as in
experiments), the systems experience different resolved shear stresses, are activated to different
degrees, and the sample does not deform uniformly.

3.2

Polycrystalline material

Typical quasi-static true stress versus true strain data are shown in Figure 7 comparing the behaviour
variation with temperature of as-received and cold rolled polycrystalline tantalum at intermediate
and high strain-rates.

a)

b)

Figure 7: Typical true stress - true strain data for polycrystalline as-received and cold rolled
tantalum obtained for a) intermediate strain-rates ~ 10-1 s-1 and b) high strain-rate SHPB
experiments, ~ 103 s-1. LT = low temperature (233K), RT = room temperature (293K) and HT = high
temperature (438K or 415K for SHPB).

It can be seen that both yield and work hardening characteristics differ between the as-received and
cold-rolled materials similar to the behaviour observed by Chen and Gray 8 and Florando et al. 15 For
example, the initial yield strength is highest and work hardening rate is lowest for the cold-rolled
material due to the increase in mobile dislocation density caused by the prior work. In the asreceived material a more gradual parabolic strain-hardening is observed. Also apparent in the low
and intermediate rate data for the as-received material was the presence of an upper and lower
yield point, as seen in Figure 7(a) for the intermediate rate data. In tantalum pinning of dislocations
by interstitial solutes (such as oxygen atoms) can lead to this feature. It was confirmed that the
effect of increasing temperature on this feature was to reduce the size of the difference between
upper and lower yield stress but to a lesser degree than the reduction in overall yield strength. After
cold rolling, with the availability of more mobile dislocations due to both new line length and the
removal of dislocations from the pinning interstitials, the upper and lower yield behaviour is
removed and a sharp transition from elastic to plastic is observed.
The flow stress at 10% true strain for the data is presented in Figure 8 as a function of initial sample
temperature (Figure 8(a)) and average strain-rate for the room temperature experiments (Figure
8(b)). There appears to be very little strain-rate dependence across the range of temperatures
investigated for either material. Florando et al.

15

observed a decrease with temperature of the

difference between flow stress at different rates. In our case the minimum temperature of 233 K is
relatively high (compared to 77 K) meaning that it is likely too high to limit the thermally activated

kink-pair mechanism thought to be responsible for the strain-rate dependence observed in that
research.

a)

b)

Figure 8: Flow stress determined at 10% true strain for polycrystalline tantalum samples plotted
versus a) initial sample temperature for the three strain-rates and b) average test strain-rate at
the three temperatures.

The general trends of flow stress with temperature and strain-rate for the polycrystalline materials
are unsurprisingly similar to the single crystal materials. Overall the flow stress at 0.1 strain of the asreceived polycrystalline material appears nominally most similar to the [100] orientation data but is
consistently 30 – 80 MPa lower. The shape of the stress strain curves are however notably different,
with the [100] data being significantly more parabolic (up to ~ 10% strain) and crossing the
polycrystalline curve at increasing strains with decreasing temperature, as shown in Figure 9. This
suggests that while it’s possible that slip systems in [100] oriented crystallites dominate the
mechanical response of polycrystalline tantalum as suggested by Rittel et al. 27, the specific slip and
dislocation interactions are not simply relatable. For example, grain boundary interactions may tend
to activate multiple slip systems making polycrystalline yield behaviour most like a higher symmetry
orientation single crystal but dislocation interactions with the grain boundary make later time
hardening behaviour quite dissimilar.

Figure 9: True stress - true strain data for polycrystalline as-received and [100] single crystal
tantalum obtained at ~ 10-1 s-1 at three initial temperatures.

4 CONCLUSIONS

A series of uniaxial stress compression experiments have been undertaken on single crystal and
polycrystalline tantalum. These experiments are part of an ongoing programme to characterise the
elastic-plastic compression response of tantalum across a range of strain-rates 20, 33, 39-44 to provide
benchmark data for CP model development.
The data presented in this paper shows the significant differences in the response of the three
principle crystal orientations of tantalum in terms of yield, work hardening and ultimate deformed
shapes. The simulations presented highlight the importance of the dislocation mobility relations and
the laws governing the evolution of the mobile dislocation density for capturing the correct
behaviours. The inclusion of the twinning/anti-twinning asymmetry was found to influence [100]
oriented compression most strongly, and was shown to be critical for matching the relative yield
strengths in these experiments. In general we were able to adequately match experimental trends
although some specific details such as exact details of strain hardening evolution were not
reproduced suggesting a more complex hardening model could be employed in the future. 3D finite
element simulations approximating the SHPB tests predicted the final deformed sample shapes well
once the twinning/anti-twinning asymmetry was included (particularly for the [100] orientation) and
small offsets of compression axis were included for [110] and [111] orientations. The model also
describes the expected active slip systems in these experiments.
The polycrystalline data in both as-received and cold rolled conditions confirms the trends observed
by other researchers

8, 15

. The initial yield strength is highest and work hardening rate is lowest for

the cold-rolled material which is consistent with a higher mobile dislocation density caused by the
prior work. The difference between the upper and lower yield point in the as-received material
reduced in size with an increase in temperature and was removed entirely by cold rolling as
dislocations are removed from the pinning interstitials. The difference of flow stress at different
strain-rates remains approximately constant for both polycrystalline materials as the initial
temperature changes although the minimum temperature of 233 K used in this work is still likely to
be too high to limit the thermally activated kink-pair mechanism. The general behavioural trends
with temperature and strain-rate of the polycrystalline materials are reproduced in the single crystal
data and the flow stress at 0.1 strain of as-received polycrystalline material appears nominally most
similar to the [100] orientation. This suggests that polycrystalline materials, where the effect of grain

boundary interactions will tend to activate multiple slip systems, will generally behave in a way most
similar to a higher symmetry orientation single crystal like the [100]. However, given that the shape
of the stress strain curves are significantly different, with the [100] data being more parabolic than
the as-received polycrystalline tantalum, the dislocation interactions post yield are not as simply
related.
The ultimate goal of this research is the ability to successfully match materials behaviour with a
single model over a wide range of plastic strain-rates. While this is a significant challenge, the CP
model performs well in this respect for single crystal tantalum both in these experiments and also
against shock data (which will be the subject of a subsequent publication). Single crystal effects play
a key role in influencing the macroscopic response of polycrystals and the longer term goal for this
single crystal model is its incorporation into predictive polycrystal simulations using the known
crystallographic structure and texture of the materials shown here. Further work will however be
needed to develop the single crystal capability to achieve all these goals, to gain insight in and
successfully predict the underlying microscopic processes that govern the macroscopic response of
materials.
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