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Characteristics of high-mass tungsten alloy kinetic projectile penetrating
ultra-high strength steel targets at high velocity
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Abstract: To study the penetration performance and failure characteristics of ultra-high strength steel targets against high-
mass tungsten alloy kinetic projectiles with different impact velocities, a ballistic gun was used to carry out 215 g tungsten
alloy kinetic projectiles to impact the ultra-high strength G50 steel and 45 steel targets at velocities in the range of 689—
1489 m/s. According to the experimental results, a conic-like crater was observed in the ultra-high strength steel target against
a tungsten alloy kinetic projectile, which was different from the column-like crater mode observed in the experiments of 45
steel targets. It was also observed that there were several unique tensile spall cracks on the crater surface and bottom for the
ultra-high strength steel. The depth of penetration (DOP) and the crater volume of these two steel targets were further obtained,
which showed that the DOP of G50 steel targets is shorter than that of 45 steel at similar penetration velocity, while the
corresponding crater volume is greater than that of 45 steel. Based on the interaction mechanism between the projectile and
target, the high-mass tungsten alloy kinetic projectiles are considered to undergo local fragmentation under high radial stress

during penetration into the G50 steel target, resulting in unloading tensile waves within the target. It is believed the unloading
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waves within the target lead to the spalling damage of the crater wall, resulting in the fish-scale-like rough walls and spallation
cracks. This also explains why the crater volume of G50 steel is greater than that of 45 steel. In addition, the sharpening effect
was caused by the local fragmentation of the kinetic projectile head. Therefore, it is considered that this failure mode was
mainly caused by both the tensile fracture of the target induced by the local fragmentation of the projectile and the sharpening
behavior of the projectile. Numerical simulations of the penetration of high-mass tungsten alloy projectiles into ultra-high
strength steel targets were further performed to demonstrate the entire process of deformation, damage, and failure of the target
plate and projectile, which further validated the failure mechanism of the targets.
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Table 1 Mechanical properties of G50 steel
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Fig. 1 The tungsten alloy projectile and tail-type accelerating device
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Fig. 2 Sketch of the experiment setup for penetration at high velocity
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Fig.3 The fixation of G50 steel target
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Fig.4 The electronic time measurement instrument of LNG202G-2 and velocity measurement
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Fig. 5 The layout of high-speed camera system
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Table 2 The penetration failure characteristics of the
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G50 steel targets at different impact velocities
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targets at different impact velocities

Table 3 The penetration failure characteristics of the 45 steel

T E (ms")  FLER/mm  F%/mm  FYHER R em’

FHHE(ms") FFLEA/mm % /mm

BB R em’

848 60 22 33 689 29 34 17
1075 70 32 54 1023 31 52 28
1329 43 52 86 1189 34 66 39
1425 47 50 97 1357 37 72 47
1455 65 53 87
80 120
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Fig. 8 Crater volumes of the targets at different
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Fig. 7 Depths of penetrations of the targets at
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Fig. 9 Photographs of cross sections of G50 steel target after impact by the tungsten alloy projectiles at different velocities
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Fig. 10 Photographs of cross sections of 45 steel target after impact by the tungsten alloy projectiles at different velocities
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Fig. 11 Schematica diagrams of the penetration process of low carbon steel target struck by a tungsten alloy projectile
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Fig. 12 Schematic diagrams of the penetration process of G50 steel target struck by a tungsten alloy projectile
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Table 4 Johnson-Cook model parameters of Table S Griineisen state equation parameters of
projectile and targets projectile and targets
ME AMPa  B/MPa n c m T,./K kot c/(ms™) S, S, S, Yo 4
G508 1445 1326 0356  0.005 112 1793 G50 4280.0 1.990 0 0 2170 0.46
451 496 434 0307 0.008 0.80 1793 45 4280.0 1990 0 0 2170 046
93W 1197 580 0.050 0.025 1.90 1730 93W 4066.2 1.368 0 0 1.736 0.46
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Table 6 Numerical simulation results Table 7 Numerical simulation results
of DOP of 45 steel oof DOP of G50 steel

WHEEE/(ms™) R EFER/mm BRER/mm RRRE % WHEEE/(ms™) R FEHR/mMm BRIER/mm RRRE %

689 34 25.3 25.6 848 22 24.6 11.7
1023 52 49.5 4.95 1075 32 37.5 17.1
1189 66 68.9 441 1329 52 459 11.7
1357 72 76.7 6.46 1425 50 52.3 4.53

1455 53 53.5 0.94

(c) =80 ps (d) =120 ps

13 BEREREHGEE (1 189 m/s) 124 45 HYREIFAS IR i 220 g+ A2 2R
Fig. 13 Schematic diagrams of the penetration of tungsten alloy projectile into 45 steel at the impact
velocity of 1 189 m/s at different times

(a) =0 ps (b) =40 ps
(c) =80 ps (d) =120 ps

Bl 14 #aSaiedamE (1 425 m/s) (24 G50 FHEHT AR 20 13545
Fig. 14 Schematic diagrams of the penetration of tungsten alloy projectile into G50 steel at the impact
velocity of 1 425 m/s at different times
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(a) Experiment (b) Simulation

15 #EEashnemE R G50 MM R FBEIE AR A L E

Fig. 15 Comparison of surface failure modes of G50 targets between simulation and experiment

(a) Experiment (b) Simulation
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Fig. 16 Comparison of crater failure modes of G50 targets between simulation and experiment
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