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UNIVERSAL MECHANISMS OF PLASTICITY AND FRACTURE 
IN CRYSTALS AND ORGANIC POLYMERS UNDER 
CONVENTIONAL AND SHOCK-WAVE STRESSES

Valery P. Kisel

Institute o f  Solid State Physics, Chernogolovka, Moscow district, RUSSIA
kisel@ issp.ac.ru

The effect o f applied compressive/extension stresses, s (s =  0.6S to 95S, where S  is the 
resolved shear stress) and stress rates (10 to 106 MPa/sec) on dislocation dynamics was inves
tigated in pure NaCl and InSb single crystals in the temperature range T =  4 1  O'3 to
0.945 Гтец, Tmci, is the melting point. The general damping character o f dislocation unpin
ning, motion and multiplication (work hardening o f crystals, W H) under creep and interrupted 
loadings manifests in the ultimate mean path lengths o f  individual dislocations (UMPID). 
Having covered a certain UM PID determined by crystal prehistory and constant test parame
ters (creep regime), the dislocations exposed to successive exhausting acts o f  multiplication 
and fracture thus forming point defects, the slip lines, slip bands, subgrains, grain boundaries, 
nano- and microcracks, macrocracks in series in all the materials [1-2].

The first important finding o f  this work is the fact that the dependences o f the UMPID 
versus creep, impulse, impact and shock wave stresses, temperature and impurity concentra
tion are topologically similar to the conventional macroscopic strain-stress WH curves for the 
same crystals and test parameters. As for microscopic stresses for dislocation motion and mul
tiplication the concentration dependences o f flow stresses under fixed strains or fracture 
stresses at low and ultra-low temperatures and strain rates [2-4] are similar to the same de
pendences o f  impact/shock wave stresses and stress rates at normal and elevated temperatures 
[4-6] The climb, dislocation cross-slip and athermal bowing mechanisms are confirmed by 
the same so-called “memory effect” at low (Figs 23-24 in [7]) and ultra-high (s~ 95S, [8]) 
stresses and stress rates, because dislocation dipoles are left in the wake of expanded disloca
tion loops along the whole deformation WH -  curve. This means that THE SAME 
MICROMECHANISMS GOVERN THE DYNAMICS OF INDIVIDUAL DISLOCATIONS 
AND MACROSCOPIC FLOW up to the values o f flow in nanostructured (NSC) and frac
tured crystals.

The second important finding is that the micro-/macro-W H varies nonmonotonously to 
crystal softening according to the pulse length o f  the unloadings (restore time), and these de
pendences are the same for micro-/macroscopic flow up to the extremely high values in NSC 
crystals [9] and fractured oriented polymers [10]. The last fact and the similarity o f the other
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features o f  deformation and fracture o f crystals and polymers at various length scales corrobo
rate the universality o f  the micromechanisms o f plastic flow and fracture in crystals and 
polymers due to same dislocation-like defects.
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FEATURES OF SUPERPLASTIC FLOW OF NANOSTRUCTURAL 
ALLOYS
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The structure and phase state o f rods subjected to the equal-channel angular (ECA) 
pressing under different conditions have been studied by X-ray diffraction analysis, transm is
sion and scanning electron microscopy, including back electron scattering diffraction and ori
entation image microscopy, technique. A fine-grained structure has been shown to form in the 
process o f  pressing. A largest number o f grains demonstrate the formation o f  a dislocation 
substructure involving subgrains.

A mechanical behaviour has been studied for ECA pressed samples having different 
structure states. Temperature and strain rate conditions to attain ultimate strains to failure 
have been defined for samples o f each structural state. It has been shown that samples with a 
developed substructure are subject to a superplastic (SP) straining. Contrary to the expecta
tions the ductility o f finest-grained samples turned out low.

Mechanical behaviour o f the alloys has been studied in SP straining conditions. M ulti
stage high strain rate SP straining has been shown. Dependencies o f  the true strain rate on 
temperature, the true stress and true strain for the straining during hardening stage and soften
ing stage have been established. The activation energies and the coefficients o f  strain rate sen
sitivity o f  stress, which characterize these stages, have been determined. Structural behaviour 
during SP straining has been studied.
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