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Summary An attempt to reproduce the free surface velocity data obtained froreradlsite impact experiment using computer sim-
ulations has been made. A hydrocode based on the meshless methaith&irfearticle Hydrodynamics (SPH) has been developed
and validated with the flyer-plate experimental data produced by [1].

INTRODUCTION

A thorough understanding of the spallation and the fraotfisolids in impact-like situations is necessary in the field
of ballistics and high speed impact studies. The uniax#kstf strain created in flyer-plate impact experiments make
the analysis simple and provides a benchmark for SPH cortipuga In particular, free surface velocity ;) profiles
measured from VISAR (Velocity Interferometer System foryAReflector) contain signatures of events like elastic-
plastic transition, phase transformation, spallation fiadture. The objective of the ongoing work is to calibrdte t
deformation, spallation and thermal sensitivity of seddamaterials in a manner that predicts their VISAR response.

SMOOTHED PARTICLE HYDRODYNAMICS (SPH) AND CONSTITUTIVE RELATIONS

Application of SPH to solid dynamics simulations was firggaded in [3]. In this method, the field variables and
their spatial gradients on a particle are approximated byahighted summation of the corresponding quantities on
the neighbouring particles defined over a compact supponaita In this work, the SPH formulation given by [4]
is followed. To compensate for the incomplete support donsaiffered by a particle on the boundary, a method
called normalization as described in the [4] is followedeTiumerical problem of tensile instability ([2]) is overcem
by following the dual particle method suggested by [5]. Tlendin is discretized into stress particles and velocity
particles in which the former carry stresses, densitie®rial energies and the internal variables, while the later
carry velocities and accelerations. A quantity unknown gasicle is obtained by the Moving Least Squares (MLS)
interpolation from the neighbouring particles on whichdtknown. Traction boundary conditions are applied as
suggested in [5].
The pressure term of the Cauchy stress tenspiis given by the Mie-Gruneisen equation of state (EQSp, e) =
(1 — %Fx) pu (p) + Tpe, wherepy is the Hugoniot curve ang = p% — 1. The other details of the EOS can be found
in [4]. The constitutive relation for deviatoric Kirchoffress tensor’ is given in Jaumann rate form as,

7 =2uD’ — Sfuérl, (1)
g
D’ is the deviatoric strain rate tens®¥ is the spin tensoy, is the shear modulus; is the equivalent stresg,s the
accumulated plastic straihjs the equivalent plastic strain rate given by

g

(=6 [g(g)] Um, whereg (€) = o0 (1 — a (T — Tp)) (1 + ;)n @

andey, «, 0g, €9, m, n are material constants afig is the reference temperature.

RESULTSFROM FLYER-PLATE IMPACT SIMULATIONS

In order to assess the efficacy of the SPH code developednibect of a steel flyer with a target made of Tungsten-
Sintered Alloy (WSA) (Fig. 2(a)) is simulated. The flyer isdted as elastic. For the WSA target the constitutive
model described in the previous section is applied. The ma&tmonstants for the plastic response of WSA have been
determined by fitting the stress strain curves obtained hyHile the elastic constants and the constants for the EOS
for both WSA and Steel are taken as it is from [1].
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The x — ¢ diagram (Fig. 1(a)) for the plate impact experiment desdijbsystematically shows the occurence of
different states of pressure and velocity after the impaitdicted from thel — D analysis. Fig. 1(b) shows the
pressure distributions along the thickness of the flyer anget from the simulations at times indicated onthe ¢
diagram. The effect of the rate sensitivity exponenin the power law hardening, eq. 2, on the, profile has
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Figure 1: (a) x — t diagram showing the history of events after impact (b) Rnesdistributions along the thickness
of the flyer and target just after the statésH 5) indicated in (a). HereP, = 14.56GPa, v; = 190.32m/s and
vo = —184.36m/s.
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Figure 2: (a) Schematic showing the flyer-target plate impact (b) garison of free surface velocity £;) profiles
from the simulations for different rate sensitivity expateat an impact velocity = 565 m/s with experimental
data.

been studied (Fig. 2(b)). The HEL of WSk, has been calculated from the, at the elastic plastic transition,
Vfs = Vhel, 883.01 GPa usingope = %pOC’Lvhel, wherep, and C'y, are the initial density and logitudinal wave
velocity respectively.

CONCLUSIONS AND FUTURE WORK

Signatures of spallation are routinely pickep up by VISARad®escription of fracture initiation and damage propa-
gation are being embedded in the SPH routine to assess floerpance of various materials.
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