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1. Introduction

The examples of high strain rate of loading, high speed impad, high speed machining, and
high disdpation of energy at forming processs take placein many engineaing applicaions. In
order to predict and control behaviour of materials used under such extreme loading conditions, the
medhanicd parameters of materials shoud be predsely identified. It is well known that the
mechanicd behaviour of metal depends on the strain rate level. The Split Hopkinson Presaure Bar
(SHPB) or Kolsky apparatus are widely used for the investigations of mechanicd properties of
materials at high strain rates up to 1.0x10* s™. In order to read strain rates higher than 1.0x10° s,
Dharan and Hauser (1970 [1] introduced a modification of the SHPB concept by eliminating the
incident bar. Thus, application of the direa impaad of a striker onto a small disk or prismatic
spedmen suppated by the transmitter bar enabled to reat strain rates up to 0.5x10¢° s. Such
modificaion can be defined as the Dired Impad Compresson Test (DICT), cf. Jia and Ramesh
(2009 [2] or Malinowski, Klepaczo and Kowalewski (2007) [3].

2. Problem formulation

Experimental and numericd investigations of the effed of strain rate on medanicd
properties of pure tantalum are presented. Experimental studies were carried out on Dired Impad
Compresson Testing stand. Miniaturization of the experimental setup with spedmen dimensions:
diameter ds=1.5 mm and thickness [s=0.50 mm, Hopkinson transmitter bar diameter dy=3.0 mm
and striker d=11.5 mm and ;=12 mm, with applicaion of a nowel opticd arrangement in
measurement of striker velocity, enabled compresgon tests to be caried out at strain rates within
the range from 1.0x1C° s to 0.5x10 s . Perzyna constitutive mode! for the elasto-viscoplastic
material, cf. Perzyna (2011) [4], was applied to predict the dynamic compresson yield strength of
the tantalum tested at different strain rates. The formulation of the Perzyna model with Voce
hardening law can be expressed in the following way:

o(z%,°,T) =[(A +B(-exp(-Ce)) | |1+ (T, (7)) 2° ) fa-0m) (1)

where Ty is relaxation time, and A, B, C, D, and m are material parameters, © denctes the
modified temperature given by:

2

where Ty is the temperature of referenceand Ty, is the melting temperature.

The main objedive of the paper was to investigate either experimentally or numericdly a
behaviour of tantalum using DICT technique. The speda emphasis was taken on the description of
the strain rate influence on the basic medchanicd properties of pure tantalum. In order to extend the
range of the analysed strain rates the experimental programme was suppdemented by tests carried
out onthe SHPB testing stand and quasi-static hydrauli ¢ servo-controll ed testing madine.
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3. Experimental identification of the material model

The identificaion of the constitutive model parameters was obtained by an inverse method
Numericd simulation was performed with applicaion of ABAQUS finite element program. The
own VUMAT was implemented for cdculations. The identificaion of constants was caried out
using the true stressstrain diagrams. These curves were generated from the experimental tests
performed at various strain rates. The elasto-viscoplastic model parameters were determined for
eat kind of spedmen. Firstly, the computations were started assuming a broad range of the
feasible parameters. Starting values of the model parameters were assumed and cdculations caried
out. In the next stage the final material constants were determined, and then the model was applied
to exeaute numericd simulationin order to obtain final readion forceand displacement.

Generaly, there was a good match between the experimental data and the Perzyna overstress
model predictions for strain rates upto 0.5x10° 1/s, Fig.1.
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Fig. 1. Comparison of the current Perzyna model (solid lines) and the experimental flow stressdata
(symbd's 0) of pure tantalum with resped to logarithmic strain rate at 296K (results for threestrain
levels were considered, i.e. €=0.02, 0.1 and 0.3).
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