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Fig. 1. Schematic diagram of z-y-t wave interactions in the
experiment of flat flyer impacting conical target.
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Fig. 2. Schematic diagram of conical target experiment.
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Fig. 3. Microstructure image of high-purity spallation cop-
per by using EBSD.
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Fig. 4. Soft-recovered conical copper target.
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Fig. 5. Optical micrograph of micro-damage distribution in
the conical copper target.
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Fig. 6. Optical micrographs of micro-damage distribution in four typical regions of the conical target: (a) Region a; (b) region b;

(c) region c; (d) region d.
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Fig. 7. Two-dimensional axial symmetric finite element method model of conical target impacted by planar impactor and stress

profiles of central element in four typical regions: (a) Finite element method model; (b) stress profiles.
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Fig. 8. Damage distribution along the z direction in four
typical regions of the conical target.
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Fig. 9. Optical micrographs of micro-damage distribution
along y direction in the conical target: (a) Region e; (b) re-
gion f.
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Fig. 10. Damage distribution along the y direction in the

conical copper target.
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Fig. 11. EBSD orientation maps of cross section damage at
different damage stages: (a) Microvoid growth; (b) micro-

void coalescence.
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Fig. 12. Comparison of grain size distributions of the high-
purity copper in cross section: (a) Original; (b) shock com-

pressed.
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Table 1. Free surface velocity parameters measured from different points of conical target.

ETR Ay /m-s™ ospail /GPa Auy/m-s™! €/10%! Upp /107m-s 2
M1 57.76 1.34 21.84 1.34 4.34
a2 55.85 1.31 14.80 1.33 6.67
W53 61.11 1.32 13.05 1.31 7.08
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Incipient spallation of high purity copper under
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Abstract

A new spallation experimental method by using conical target is proposed. Based on the analysis of wave
propagation, the basic principle of spallation experiment of conical target is discussed. Then incipient spallation
of high purity (HP) copper under non-one-dimensional strain shock wave is studied experimentally by using a
gas gun setup. The damage distribution characteristics and micro-mechanism of conical HP copper target are
analyzed. The intrinsic relationship between the characteristics of free surface velocity profiles and damage
evolution is explored. The results indicate that 1) continuous damage zones including different damage states
appear in the conical HP copper target with initial spallation from the bottom of cone to the top of cone along
the direction parallel to the cone surface, which is attributed to the spatial evolution of the amplitude and
duration time of tensile stress in the conical target; 2) quantitative statistical analysis of damage inside conical
HP copper target reveals that the nucleation and early growth of micro-voids are random, while the coalescence
of micro-voids has significant localization characteristics; 3) the normal free surface particle velocity profiles
with typical pull-back spallation signals at different locations of conical HP copper target are measured by
multi-channel photon Doppler velocimetry. Comparing with the damage distribution characteristics, it is
revealed that the spallation strength based on pull-back velocity is independent of damage, and is the critical
nucleation stress of micro-voids. But the slope and amplitude of pull-back rebound velocity depend on damage
evolution process, which relates to the change of damage evolution rate and stress relaxation caused by damage

degree respectively.

Keywords: conical target, incipient spallation, damage evolution, free surface velocity
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