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1. Plane shock wave loading (power-law,
elastic precursor decay, spall effects)

2. Statistics of mesoscopic defects In
continuum media

3. Numerical simulation (identification and
verification of constitutive model)

4. Conclusions and summary
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Four-power law
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a) Free surface velocity 1-9.5 Kbar, 2 — 21 Kbar, 3 — 38 Kbar, 4 — 90 Kbar; b) — Four-power law between strain
rate and stress amplitude

*Swegle J.W. and Grady D.E.Shock viscosity and the prediction of shock wave rise times// J.Appl.Phys.58, 2 (1985) P.692-701
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Microstructural investigation of copper

NewView5000 profilometry
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Numerical results for Armko-iron
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Bayandln Yu Investlgatlon of self-similar regularities of formation of shock wave fronts'in metals, PhD thesis, 2007





Experimental setup

6400 MM 2000 mm

Gas gun (=125 mm, L ~ 10m, V ~ 500 m/s)
Projectile: Sample Nel Fe (=100 mm, H=10 mm, V=229 m/s)

Fe (=100 mm, m) Sample Ne2 Fe (J=100.mm, H=10.mm, \/=375
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Optical images
Sample Ne2

Sample Nel
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Correlation analysis of microstructure (spallation in Fe)

New View is contactless optical 3-D profilometer with high resolution.

Vertical resolution is about 1 nm and space resolution is about 500 um.
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Диаграмма1
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Диаграмма2

		338.31

		695.4566666667

		325.38



поперечное сечение

Ra, нм
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		номер кадра		расстояние от поверхности, мм		двумерный херст

		2		0.716		0.59

		3		1.074		0.78

		4		1.432		0.88

		5		2.79		0.89

		6		3.148		0.86

		9		4.222		0.63

				окошко 140х105 мкм

												0.0003577536

		Ra				Ra		section 3		section2		section 1				номер кадра		Ra
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Kinematics of solids with defects
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Statistical model of mesodefects
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Dynamic and shock compression of Vanadium
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Dynamic and quasi-static compression Plane shock wave loading of Vanadium
of Vanadium

*Chhabildas L C and Hillls C Rgfp{fnie]: studies of vanadium
Metallurgical applications of shock-wave and high-strain-rate
phenomena, ed. L.E. Murr, K.P. Staudhammer and M.A. Meyers, 1986,

429-450
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Strain rate vs stress amplitude for Vanadium
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*Chhabildas L.C. and Hills C.R., in Metallurgical applications of shock-wave and high-strain-rate phenomena, edited by L. E. Murr, K. P.
Staudhammer, M. A. Meyers. — Marcel Dekker, Inc. — 1986. — 763 p.
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Shock compression experiments for Vanadium
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Scheme of experimental setup View of plane shock wave generator

Experimental results are discussed and described in this paper:

*SavelevaN.V. , Bayandin, Yu.V. SavinykhA.S., Garkushin G.V,, Lyapunova E.A., Razorenov S.V. and Naimark O.B., Peculiarities of the Elastic—Plastic
Transition and Failure in Polycrystalline Vanadium under Shock_Wave Loading Conditions // Technical Physics Letters, 41 (6), pp. 579-582, 2015
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Hugoniot elastic limit for different thickness of specimens
*Zaretsky E.B. and Kanel G.I. Tantalum and vanadium response to shock-wave loading at normal and elevated temperatures. Non-monotonous decay of the elastic wave in
vanadium J.Appl.Phys. 115 (24), 243502, 2014
** Saveleva N.V., Bayandin, Yu.V. SavinykhA.S., Garkushin G.V,, Lyapunova E.A., Razorenov S.V. and Naimark O.B., Peculiarities of the Elastic—Plastic Transition and
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Spall strength for Vanadium
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Spall strength of vanadium vs strain rate

*Zaretsky E.B. and Kanel G.l. Tantalum and vanadium response to shock-wave loading at normal and elevated temperatures. Non-monotonous decay of the elastic wave in
vanadium J.Appl.Phys. 115 (24), 243502, 2014

**Steinberg D J Equation of State and Strength Properties of Selected Materials, LLNL report UCRL-MA-106439, 1996
*** Saveleva N.V., Bayandin, Yu.V. SavinykhA.S., Garkushin G.V,, Lyapunova E.A., Razorenov S.V. and Naimark O.B., Peculiarities of the Elastic—Plastic Transition and
Failure in Polycrystalline Vanadium under Shock_Wave Loading Conditions // Technical Physics Letters, 41 (6), pp. 579-582, 2015
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Numerical simulation of spallation
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Comparison with microstructure evolution

Stress distribution and spall cracks (numerical results)

Microstructure of “saved” sample
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Self-similarity of shock wave fronts in SiC
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*Savinykh A.S., Kanel G.I., Razorenov S.V., Rumyantzev V.l. Evolution of shock waves in SiC ceramics // Tech.Phys, 2013, 58, 7, P. 973-977

*Bayandin Yu.V., Savelieva N.V., Savinykh A.S., Naimark O.B. Numerical simulation of shock wave loading of metals and ceramic // Physics
of Extreme States of Matter — 2013: Proceedings of XXVIII International Conference on Interaction of Energy Fluxes with Matter, March 1-6,

2013, Elbrus, Russia. — c.64-67
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Verification of model for metals and ceramics
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- Swegle J.W. and Grady D.E. Shock viscosity and the prediction of shock wave rise times // J. Appl. Phys. = 1985. - V.58. = P.692-701.

¢ Grady D.E. Structured shock waves and the fourth-power law // J. Appl. Phys. — 2010. - V. 107. — P. 013506.
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Experimental results for water
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EXPERIMENTAL INVESTIGATION OF LIQUIDS UNDER SHOCK-WAVE COMPRESSION AND TENSION
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Summary

Constitutive equations for solids with mesoscopic defects for three-dimensional case were
developed taking into account the decomposition of tensor order parameter on the isotropic
and deviatoric parts. Deviatoric part corresponds to shear defects zones evolution, isotropic

part describes pressure-volume reaction (EoS analog).
Scaling analysis was provided for different materials after shock compression and structural

scaling linked with four-power law

It was shown that elastic precursor decay has exponential law.

Developed approach allows the introduction
of physically reasonable failure criteria linked with microcracks and microshears evolution in

solids.

The spall strength growth with increasing of strain rate was obtained.
Verification of model was proposed using four-power law experimental data for different

materials

February 16-20, 2014 * San Diego Convention Center * San Diego, California, USA




THANK YOU FOR YOUR ATTENTION!

TMIS2014

February 16-20, 2014 * San Diego Convention Center * San Diego, California, USA




I IMUI8201 4 February 16-20, 2014 + San Diego Convention Center » San Diego, California, USA
143" Annual Meeting & Exhibition




gas gun

Split Hopkinson-Kolsky bar technique

input bar

projectile

(identification problem)

2l
\‘ iy
e B
— A
.

View and scheme of
experimental setup

(Laboratory of
Physical foundation
of Strength, ICMM UB

RAS)

output bar




U

poaan
tonan

Looan

U

000

annn

ronn

Loag

-lanon

s000

500

§ | - t
7 d0nnn Ligoo ™ ® 15000
rE00 E00g 'FSI:II:IJ aonnn li&nn 150ke

a) b)

Input and output pulses (a), and past pulse (b) of deformation

Relative strain rate and stress £ (t)
2C t &
s(t) -2t =",

S

S

True strain and stress (compression)

TIMUISZO1 4 February 16-20, 2014 * San Diego Convention Center * San Diego, California, USA
143 Meeting & E




0 100

200

TMS2014

143" Annual Meeting & Exhibition

300

400

500
t, MKC

600

700

800

900

100

February 16-20, 2014 * San Diego Convention Center * San Diego, California, USA

o> MMa

350

300

250

200

150

100

50

0.05

0.1

0.15

0.2

0.25

0.3

0.35




5 Mzes

[Bevg: TERG)
+1.0ES= + DE
+2.E1%a +DE
+2. 5682+ DE
+2.]1E=+DE
+2.DEE= + DE
+1.El7a+DE
+1.567=+DE
+1.]17=+DE
+1.0EE=+DE
+E&.160=+ D7
+5 BETa+DF
+1.15]e+D7
+E.455= +DE

QDE: Exilsu=s1_pukea_1[ plane adh Abagqus!Ecpleil 612-1

Sl=p: Sl=p-1

[nciamanl

AN323T: Slap Tim= =

Primary Wai: 5, Mzax
B=laimad e IS D faimalans Sodl= Faclar: +1.D00= + D00

Slalux War:

STATUS

4.0%]1DE-DE

Tu= S=p 24 10:4%: 12 GMT+0E: BD 2017




	Слайд номер 1
	Слайд номер 2
	Слайд номер 3
	Слайд номер 4
	Слайд номер 5
	Слайд номер 6
	Слайд номер 7
	Слайд номер 8
	Слайд номер 9
	Слайд номер 10
	Слайд номер 11
	Слайд номер 12
	Слайд номер 13
	Слайд номер 14
	Слайд номер 15
	Слайд номер 16
	Слайд номер 17
	Слайд номер 18
	Слайд номер 19
	Слайд номер 20
	Слайд номер 21
	Слайд номер 22
	Слайд номер 23
	Слайд номер 24
	Слайд номер 25
	Слайд номер 26
	Слайд номер 27
	Слайд номер 28
	Слайд номер 29

