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Abstract In order to investigate the deformation behavior and penetration performance of WFeNiMo high-entropy alloy
under different strain rates, the static mechanical properties of the high-entropy alloy was tested by universal material
testing machine and the dynamic mechanical properties of the high-entropy alloy was tested by the SHPB (split Hopkinson

pressure bar). The micro mechanism of deformation characteristics of the alloy under different strain rates was also
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discussed. Based on the ballistic gun test platform, the fragments penetration performance of the high-entropy alloy
and the typical tungsten alloy (93W-4.9Ni-2.1Fe, wt%) to the finite thickness steel target was studied. The relationship
between the penetration process of the two kinds of alloy fragments and the target damage characteristics, the energy
consumption of penetration and the impact velocity was analyzed. The results show that the yield strength and strain
rate of the high-entropy alloy and tungsten alloy present a positively correlation. The yield strength of the high-entropy
alloy is higher than the tungsten alloy under the same strain rate. With the increase of strain rate of deformation, the
high-entropy alloy develops from the brittle fracture, quasi-cleavage with the mixing of tough and brittle characters to the
fracture deformation mode with adhesive characteristics. The high-entropy alloy has a strong local adiabatic deformation
ability and high shear sensitivity when the fragments penetrate into the thin steel targets. The energy consumption of
the high-entropy alloy fragments penetrating into the target is lower than the tungsten alloy fragments under the same
impact velocity. The high—entropy alloy has excellent mechanical properties and superior performance in the penetration
ability. In addition to the traditional shear plug effect, there is a certain energy release characteristic when the thin target
is impacted at high speed by the high-entropy alloy fragments and it has a good application prospect in the field of the

preformed fragments.
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Fig. 1 High-entropy alloy specimens after quasi-static compression

2 WG SRIHER S R4S

Fig. 2 Tungsten alloy specimen before and after

quasi-static compression
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Fig. 3 Microstructure of high entropy alloy specimen after

quasi-static compression
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Fig. 4 Original SHPB test sample
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Table 1 SHPB test record

. Strain Dynamic yield Post-test
Size/(mm-mm) ) .
rate/s” strength/MPa specimen
high-entropy alloy
@3.02 x 4.04 1490 1389 bulge slightly
@3.02 % 3.96 1950 1404 brittle fracture
2.98 x 4.00 2090 1487 45° shear zone
@3.02 x 4.04 2410 1596 pieces of debris
@3.00 x 4.00 2500 1688 broken adhesion
tungsten alloy
@2.98 x 4.00 2000 1212
@3.00 x 4.04 2400 1298 .
plastic deform
@3.00 x 4.02 3700 1387
@3.02 x 4.00 4500 1466
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Fig. 5 Specimen after SHPB test at different strain rates of high-entropy alloy
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Fig. 7 Stress-strain curve of two alloys
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Fig. 8 Microstructure of high-entropy alloy specimen

after dynamic compression
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Table 2 Test record of fragment penetrating thin steel target

Impact Residual Hole

Material Firing number  velocity/  velocity/  diameter/
(m-s™) (m-s™) mm
1 819 426 16.5
2 1254 599 10.7
high-entropy 3 1434 677 12.8
alloy 4 1488 745 12.1
5 1519 896 14.2
6 1521 913 13.6
7 851 533 17.0
tungsten 8 870 549 15.0
alloy 9 1381 876 11.9
10 1497 968 13.3
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Fig. 10 Fragments and launching cartridge
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Fig. 12 Penetration process of two kinds of alloys into steel target at different impact velocities
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Table 3 Parameters of high-entropy alloy and
tungsten alloy fragment

Material mfg pp/(kg~m‘3) cp/(m~s‘]) L/mm S/mm?
high-entropy alloy 3 12700 5060 7 38.5
tungsten alloy 4 17700 4400 7 38.5
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Table 4 Parameters of thin steel target

p/kgm™3)  c/(msh

Q235A  2.29 7850 2867 376 7.6

Target ms/g 7/MPa  h/mm
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HE SRS
Table 5 Calculation and test comparison between energy
consumption of high-entropy alloy and tungsten alloy

fragment penetrating target

Impact Energy
Material velocity consumption E¢/kJ Error/%
ve/m:s~! calculation value test value
855 0.68 0.84 19.04
1254 2.08 2.12 1.89
high-entropy 1434 2.73 2.63 -3.80
alloy 1488 2.84 2.79 -1.79
1519 2.57 2.89 11.07
1521 2.53 2.90 12.75
851 1.05 1.09 3.67
tungsten 870 1.09 1.13 3.54
alloy 1381 2.72 2.55 —6.67
1497 3.11 2.96 -5.07
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