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Abstract — Ti6Al4V is an hcp material that exhibits a strain rate sensitive behaviour and the tension
compression asymmetry yielding known as the Strength Differential (SD). To quantify the SD effect
of this alloys, initial yield compressive stress at different temperatures are computed by performing
two type of tests, the conventional constant die speed and the constant strain rate compression tests.
The results show the effect of the small strain rate variations on the initial yield stress and the strain
hardening of the alloy at moderated temperatures.
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1. Introduction

The plastic characterization of the Ti6Al4V alloy involves the identification of an initial yield
locus, and its evolution with the plastic work, the temperature and the strain rate. Several models
representing the strain rate sensitive behaviour of this hcp alloy are available in the literature, for
instance, Zerilli-Armstrong [1], Norton—Hoff [2] and the most widely used Johnson—Cook [3-5]
material model. Other advanced models as the one developed by Cazacu et al. [6] with a distortional
hardening allows the description of material anisotropy and Strength Differential (SD) effect. The
mechanical tests required to accurately identify or validate these material models of the material
should be performed at constant strain rates and constant temperature.

Galan Loépez et al. [7] demonstrated that tests performed at constant sample temperature are
required for the accuracy of the stress modelling. The temperature increase due to heat generation of
the sheet Ti6Al4V tensile samples tested in air, influences the strain hardening response due to the
thermal softening.

For tensile and compressive constant strain rate tests, universal testing machines are equipped with
a closed—loop control system [8]. Nevertheless, in many laboratories, this feature is not always
available in the machines. The capability of machines to be configured with a proper user—defined
displacements of the cross—head is used in this research to perform constant strain rate compression
test at several temperatures. To quantify the effect of the small variations of strain rate on the Initial
yield stress and the initial strain hardening of the Ti6Al4V alloy at moderated temperatures, constant
cross—head speed tests are also performed. This contribution is organized as follows. Section 2
presents the properties of the alloy and experimental procedures. The experimental results and the
assessment of the compressive strain rate sensitivity of Ti6Al4V is presented in Section 3. Finally,
main conclusions obtained in this study are summarized in Section 4.



2. Material and experimental procedure

The bulk forged Ti6Al4V alloy shown in Figure 1 is tested under compression at the LD material
direction. Its chemical composition is given in Table 1. A servo-hydraulic testing machine controlled
for both constant strain rate and constant cross-head speed tests is used to perform compression tests
on elliptical samples as the ones proposed in Tuninetti et al. [9]. The machine is equipped with an
infrared furnace (Quad Ellipse Chamber, Model E4, Radiant Energy Research Inc.) to apply
compression test on samples at 400°C and 600°C. Prior to the tests, the samples were held for 10 min
at the testing temperature in order to ensure a homogeneous temperature distribution through the
specimens.

Equation 1 allows computing the height increase or reduction X o (l‘ ) of the specimen (note that
negative value is associated with compression) as a function of time necessary to impose on the

sample for a test at a constant strain rate & . H is the initial height of the specimen. This Xep(t)

value could be used as the user—defined displacement of the actuator only if the displacement is
imposed according to an extensometer directly applied on the specimen. This case is usual for the tests
performed at room temperature (RT) with the tensile testing machines. Imposing the user—defined
displacement computed with Equation 1, one can reach a constant strain rate test.

However, high temperature extensometers for tensile tests are not currently available in many
laboratories. Besides, in the testing machine used for compression tests, the sensor associated to the
user—defined displacement is connected in the actuator (cross—die). The rigidity of the machine should
be first identified and considered in order to impose the proper displacement or deformation of the
specimen for the constant strain rate tests.

X, (t)=Hy(exp(¢1)-1) 0

Imposing a cross—head global displacement X ol (t) with the purpose of reaching a specific specimen

displacement X, (t ) needs a previous knowledge of the machine deflection X (t) (Figure 1b).
This deflection could be measured during the test of a sample with a specific material, however
X, (t) depends on the load applied by the machine, which also depends on the strain rate sensitivity

of the material. To reach a constant strain rate test, a closed—loop control feature could be used [8]. A
second option, which is used in this research, is to perform a consecutive series of tests with the proper
user—defined displacement of the actuator until a constant strain rate test is reached.



Table 1 — Chemical composition of the bulk forged Ti6Al4V alloy investigated.
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Figure 1. (a) Bulk Ti6Al4V alloy and (b) deflection of the machine (SCHENCK Hydropuls 400 kN press) and
Ti6A14V specimen deformation in a constant cross—head speed test (test 1) at v =10.021 mmys.

3. Assessment of the compressive strain rate sensitivity of Ti6Al4V

The compressive stress—strain responses of the two types of tests performed on Ti6Al4V at 400 °C
and 600 °C are compared (Figure 2):

1. The first type of test is performed at constant die (cross—head) speed knowing the targeted strain
rate equal to 10~ s™'. Two merely constant strain rates for the plastic range (around to 1.2x1073
s1) and the elastic range (around to 10* s7!) can be observed for the two studied temperatures

(Figure 2).

2. The second type of test is performed at a constant strain rate equal to 10 s™! by applying the
proper user—defined displacement of the actuator of the machine.
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Figure 2 — Comparison between stress—strain curves of compression tests at constant die speed and constant
strain rate at (a) 400 °C and (b) 600 °C.

The difference between the yield stress level for a test at a constant strain rate and at a constant
cross—head speed is higher at 600°C degres. As observed in Figure 2 and Figure 3, the variation in the
strain rate can lead to a large inaccuracy in the estimation of the proper initial yield stress of the alloy
and the initial strain hardening rate for a targeted strain rate at moderated temperatures. For room
temperature tests, negligible differences in the stress—strain response for the two different test
conditions has been observed. These findings on the material response are qualitatively similar to the

response reported on other metals [10].
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Figure 3 — Comparison between the evolution of the strain hardening rate (0 =00, / oe? ) with the yield stress

O, of compression tests at constant die speed and constant strain rate at (a) 400 °C and (b) 600 °C. 8;7 is the

accumulated axial plastic strain.

4. Conclusion

The effect of small strain rate variations on the strain hardening rate and the initial yield stress of
Ti6Al4V was presented for temperatures equal to 400°C and 600°C. The compressive behaviour was
selected in this study, and the capability of machines to be configured with proper user—defined
displacements of the cross—head was used to perform constant strain rate and constant cross-head
speed compression tests. The importance of using accurate method for the characterization of the
strain rate sensitivity of the Ti6Al4V alloy was also highlighted. The experimental results showed that
significant variations of the mechanical features of the alloy can be found at moderated temperatures if
constant strain rate is not reached for the full range of strain. These findings should be considered in
order to accurately identify the constitutive laws modelling the mechanical behaviour of the studied
alloy.
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