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Abstract Recently emerging multi-principal component high-entropy alloy is expected to replace copper as a new
generation of shaped charge liner material due to its wide composition/property control range and a series of excellent
mechanical properties. Based on the experiments and numerical simulation of dynamic mechanical properties of five-
element CrMnFeCoNi high-entropy alloy, the feasibility of this alloy as a shaped charge liner is explored. The
mechanical behavior of high-entropy alloys at different strain rates and temperatures was studied via split Hopkinson
tensile bar (SHTB) and material testing machine, and a Johnson-Cook thermal viscoplastic dynamic constitutive model of
high-entropy alloys was established. The continuity condition of high-entropy alloy jet is explored based on the
relationship between flow velocity and critical collapse angle. The continuity condition of high-entropy alloy jet is
verified by finite element simulation, and the evolution law of high-speed tensile fracture of high-entropy alloy jet is
further investigated. The results show that the jet break-up time is negatively correlated with the material tensile strength,

and when the dynamic tensile strength increases, the jet break-up time will decrease. This work was provide references
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for the structural design of novel high-entropy alloy linev.

Key words high-entropy alloy, shaped charge liner, jet stability, jet break-up time
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Fig. 1 Experiment configuration and HEA specimen

2000 +
1800
1600 |
1400 -
1200 |
1000 -

800 +

600 L 300 K 5x10°*s " data
300 K 5400 5™ data
400 + 77K 5x10 s data
200 | 77 K 5400 5! data

6 Ojl 0?2 0j3 Oj4 Oj5 Oj6
effective plastic strain
K2 CrMnFeCoNi i & AN FRIL L R )k J-C AR
ik
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Table 1 Material parameters of the CrMnFeCoNi HEA
pl(g-em™) A/MPa B/MPa n c m Te/K C/('kg K™ & /s!
7.96 399 1396 0.6612 0.0099 0.9790 1561 452 5x10™
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Table 3  Shaped charge jet criteria

Flow regime Collapse angle #  Jet/not-jet  Jet coherence
B =5 no no
supersonic(V,>Cp)
B>B. yes no
subsonic(V,<Cy) all values yes yes
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Table 4 Material parameters of the CrMnFeCoNi HEA and copper
Material plkgm) s Cof(m-s™) G/GPa v
CrMnFeCoNi 7960 1.390 4500 80 0.26
copper 8930 1.489 3940 47.8 0.34
16 c;\\\l\l
14 | 4691 m/s 5567 m/s A HEA
\0
12} _
non-cohesive
10} . jetting |
% g cohesive t
U 6l jetting non-jetting
4l B
CrMnFeCoNi rigid wall
2 Cu
0 (a) AHE 7R = K

3 4 5 6 7 8 9 10
V,/(m-s") x10°
4 CrMnFeCoNi L5 804 B R 2l BE 15 1 57 H 5 0 6 AR i &
Fig. 4 Relationship between flow velocity and critical collapse angle of
the CrMnFeCoNi and copper
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Fig. 5 Numerical computations for simulating the jet-formation of a

HEA collapsing liner
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Table 5 Material parameters of airl®"!

plkg:m™) y Epl(kI kg™

1.225 1.4 2.068 x 10°

£ =6°V,=8000 m/s, no-jet

£ =8°V,=6000 m/s, non-coherent jet

p=14°V.
(a) =AM N AL

(2) Jetting pattern under three different values
6 Vy-f. MEAN R BUEAL A BRI B 45

Fig. 6 Simulation results of different positions of V5 -4 curve

, = 3000 m/s, coherent jet
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Fig. 6 Simulation results of different positions of V,-f, curve
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Fig. 7 Structure and simulation model of shaped charge with HEA liner
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Table 6 Main material parameters of 8701 explosive

Material pl(g-em™) D/(m-s™") P¢)/GPa A4,/GPa B,/GPa R, R, ® Vo
explosive 1.71 8.315 28.6 524.23 7.678 4.2 1.1 0.34 1.0
R ASHRRISH
Table 7 Material parameters of 45# steel
pl(g-em™) r Cy/(m-s™) s A/MPa B/MPa n c m Tnat/K G/ kg K™

7.83 2.17 4570 1.49 792 0.26 0.014 1.03 1793 452
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Table 8§ Comparison of jet break-up time and tip velocity with different hardening exponents

k 0.8 1 2 3 4 5 6 7
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