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Dynamic fragmentation of oxygen-free high-conducting copper
under Mach stem loading
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Abstract: To in-depth understand the dynamic fracture behaviors of metal materials under complex loading, based on the
finite element simulation, two types of Mach stem loading experiments were designed and carried out to investigate the
dynamic fragmentation of oxygen-free high-conducting copper (OFHC Cu) under complex loading. In the experiments, a
powder gun was used to impact the Mach lens, and a laser particle-velocity interferometer was applied to measure the free
surface velocity. And dynamic loadings with the peak pressures of 95.75 and 32.38 GPa, respectively, were achieved. Stable
Mach stem loading was successfully generated, and the Mach stem-related features were consistent with the simulated ones. At
the same time, two different near-surface fracture behaviors in the OFHC Cu were observed, namely the micro-spallation under
high pressure and the triangular-wave spallation under low pressure, with the cracked area distributed in a convex shape. These
findings have a certain value for further understanding the dynamic fracture behaviors of metal materials and can provide new
experimental methods for understanding material failure under various complex loading conditions.
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Table 1 Parameters of Mie-Griineisen equations of state!"*"!
Ik pol(g-em™) c/(kms™) s Y HIR
304 REEH 7.90 4.57 1.49 1.93 SCHR[18]
LY 1245 2.79 5.37 1.29 2.0 SCHK[19]
TC4ER 8.93 3.94 1.489 2.02 SCHK[18]
TC48k A4 4.42 5.13 1.028 1.23 SCHK[20]
%<2 Johnson-Cook ZA#JHREI S 1172123
Table 2 Parameters of the Johnson-Cook constitutive model'"” >’
Mk A/MPa B/MPa n c m T,/K P
304N 310 1000 0.65 0.07 1.0 1673 SCHR[21]
LY 126 369 684 0.73 0.0083 1.7 775 SCHR[22]
= ] 90 292 0.31 0.025 1.09 1356 SCHR[17]
TC44k A4 862 331 0.34 0.012 0.8 2110 SCHR[23]
=3 WitsH
Table 3 Parameters of experimental design
ok JEJ% /mm HAE/mm
S5 A/ (kmes™)
A HME] V~] Y% FEHE ] SME]
Mach-1 304N LYI12 et 1.40 3.0 16.0 4.8 38.0
Mach-2 304 REEHH TC4sk G4 et 0.50 12.0 26.0 14.0 45.0
Pressure/GPa Pressure/GPa
100
75 15
0.4 pus 1.2 ps 1.0 us 2.0 us
50 10
25 5
0 0

1.9 ps

2.3 us

/
3.0 us

(a) Mach-1

(b) Mach-2

4.0 ps
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Fig. 2 Numerically-simulated evolutions of pressure contours under two types of Mach stem loading
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Fig. 3 Simulated velocity- and pressure-time evolutions of equidistant Lagrangian particles on the symmetrical centerline
of the cylindrical specimen target in experiment Mach-1
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Fig. 4 Experimental arrangements of two types of Mach stem loading
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Fig. 5 Comparison of rear free-surface particle velocity profiles of the aluminum sleeve in experiment Mach-1
with the corresponding simulated ones
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Fig. 6 DPS time-frequency spectrum and free-surface particle velocity profile at the center of the inner cylinder in experiment Mach-1
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