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Time-temperature regularities of dynamic failure process under the action
of REB and LR
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Structurization of the lattice slip  Size distribution of fracture centers
bands near the growing fracture in Fe (4=4-10“m) and Cu (4=10"m)
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Bitmapped images of patterns of gravitation turbulent mixing of two
incompressible various density liquids (three layers at different height
from the liquid-liquid interface h,< h,<h;)
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Examples of similarity of origin for various nature infinite clusters
near the critical point




Recovered three-dimensional failure region in copper sample (a);
three-dimensional visualization of recovered tantalum sample (b);
volume percolation cluster (model calculation) (c¢)
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Dependence of average distance between r=N**(-1/3)
dissipative structure elements on their average size <D>.
Sizes r and <D> are given in cm
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Time dependence of critical pressure and longevity

P(t)t. = const,

P j7 P
[ = const =/
H+ L H+ L

where y = 3,8 for all studied materials 1n the longevity

range t ~ 10+ 1010 s; ¢, — failure time
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N(t) — Ntot eXp(t ]Bftp)j | (1 — t];tp)j |

J(z)=Jm(zp)exp[t']§”)) | (1 z-ljp))’

where 4, B — const
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Dependence of parameter De
Bure on specific volume (Al)
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Dependence of effective temperature on

specific volume (Al)
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Characteristics of interatomic interactions in metals

OmemeHT | aT. Ne I, a, Hs, KT, Ls Tp, o
10732 v TIM 102° ITax/at| 10729 Ix K K
Al 13 16603 285,77 48,7 127 934 390 0,010
T1 22 17665 288,98 68,1 189 1941 380 0,014
Fe 26 11776 247,73 58.1 191 1810 373 0,013
N1 28 10939 248.65 61.4 201 1728 345 0,012
Cu 29 11807 255,08 50.2 163 1358 310 0,011
/n 30 15212 265,95 192 104 693 237 0,009
Mo 42 15580 270,82 96,7 411 2901 337 0,010
In 49 20144 324,46 37.9 110 430 129 0,005
Cd 48 21581 297,28 16,5 115 594 321 0,007
on 50 27047 301.6 49,2 150 505 254 0,005
Ta 73 18000 285.0 123.8 348 3269 225 0,013
W 74 15855 273,53 127.9 491 3693 312 0,010
Pb 82 30326 349 32 29.6 136 600 87 0,006

Element, V- Volume per one atom, Interatomic distance, Sublimation heat
per atom, Lattice energy unit, K- Compression modulus, T - Melting

temperature, T, - Debye temperature, Dimensionless melting temperature
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Particle ejection from the free
surface of lead sample
(roughness Rz40) after shock
wave exit — at the time moment
3.8 us

Fractography of microstructure

of cross-section slice of tungsten

foil with thickness A =0.02 mm
after irradiation (x500)

1 — spalls; 2 — micro-jet;
3 — particles; 4 — shock wave in air
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View of failed pyramids (a); copper sample slice after REB action (b); disperse
products on the obstacle (c); view of disperse metal particles on the obstacle (d);
copper pyramid face (x200) (e)
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External view of copper pyramid face and mathematical treatment
of bottom part of copper pyramid
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Mathematical treatment of top copper pyramid part
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Metal energy parameters

OnemeHT | ar. Ne | H + ] Exp. Jx'T E.
IIPII
Hos = f 08 ¢ H+L,
P
t=10%c¢
Al 13 0,151 — —
T1 22 0.16 950 0,537
Fe 20 0,18 754 0,585
Co 27 0.16 — —
N1 23 0.15 618 0,533
Cu 29 0,144 394 0,575
n 30 0,157 — —
Mo 42 0.18 319 0,537
Cd 48 0.18 S0 0,494
on 50 0,12 100 0,525
Ta 73 0,186 379 0,495
W 74 0,165 522 0,570
Pb 32 0,116 51 0,510
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Scheme of shock wave motions in the pyramid volume
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1) Geometrical similarity

/ —

x"=cx,y'=cy z’ =cz
where ¢ — geometrical similarity factor.

2) Field similarities
o(x, y, z) (field of temperature, concentration, potential).

o' (', ¥, 2)=c, (%, 3, 2

3) Process similarities
T'=c T

0 (v, 2, T)= 0 v, 2 D),

forx’, y’, z’, v’nux, y, z, T are related by the correlation
x'=cx,y'=cy,z'=cz, t'=c T
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Pyramid fragment after loading (x200)

rigin of spall phenomenon near
the pyramid faces
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External view of disperse particles from the pyramid (Cu, corner angle
a ~ 600) and results of mathematical disperse particles treatment
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External view of support region made of polyethylene and results of
mathematical treatment of disperse particles
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Results of mathematical treatment (d,) of disperse particles from the

pyramids (Al and Cu, corner angle a ~ 60
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Explosion welding results
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Density distribution (a); in the axial section — (b).
Calculation 3D using spall failure. Time 3 ps

Blue color — practically zero density,
Green color — porous medium.
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New Kkinetic variables of metal dispersion processes are
obtained at amplitudes of shock-wave loading P ~ units-tens GPa,
what is important for verification of existing calculation codes.

The aforesaid is of much importance for verification of
available dynamic state equations and developing of new
(adequate) ones, allowing description of metals’ behavior under
extreme conditions using existing calculation codes.

Results of performed studies are useful when developing new
state equations to describe metal behaviors under extreme
conditions.

One should take into account presented study results when

developing a high-intensity pulse technology.
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