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Damage characteristic of target penetrated by WF/Zr-MG
and 93W rods

WU Shuogang, DU Chengxin, ZHOU Feng, GAO Guangfa, LYU Wenzheng, CHEN Xi
(Department of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: In order to compare and analyze the characteristic and mechanism of damaging on 45 steel target plate penetrated
by the WF/Zr-MG and 93W rod, a penetration experiment under hypervelocity impact was carried out. The analysis of
penetration was performed at both macro and micro levels, in which the macroscopic quantitative characterization quantity was
studied by equivalent diameter of reamer, and the microscopic morphology, phase transition and hardness characteristics of the
target plate were obtained by scanning electron microscopy, optical microscope, X-ray diffraction and microhardness
tester.The experimental results indicate that the WF/Zr-MG rod completely penetrated the target plate, while the 93W rod
remained in the target plate. The armor-piercing capacity of WF/Zr-MG rod is higher than that of 93W rod with equivalent
reaming diameter of 16.7 mm and 18.4 mm respectively, and the former is 10.18% lower than the latter. From the microscopic
perspective, the aspect ratios of the fine grain layer after penetrated by the WF/Zr-MG rod and the 93W rod are 4.5 and 7.3,
respectively. In addition, the width of the high-hardness layer are 10.2 mm and 8.9 mm, with Vickers hardness HV peaks at
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249 and 287, respectively. The wider high-hardness layer observed in the former case can be attributed to the continuous
burning of the Zr-based amorphous alloy during the penetration process, resulting in a larger temperature affected zone and
consequently a greater area of hardness enhancement. On the other hand, in the latter case, the strength of the target plate
during penetration is significantly higher due to the buckling and backflow of the WF/Zr-MG rod, while the 93W alloy core
exhibits a "mushroom head" phenomenon. This reduces extrusion deformation on the target plate, thereby weakening the effect
of grain elongation, reducing the increase in hardness peak value, and minimizing energy loss per unit length of the target plate.
Ultimately, it enhances the armor-piercing capability of the WF/Zr-MG rod.
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Fig. 1 Projectiles used in test
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Fig. 2 Matrix microstructure of 45 steel target Shim VI IE, FHASARAT RS, WL OG . 5% A PRI

043302-3



5 44 45 RIFE, . H2/AEEEERE SRS 3WE ISR KRR E %4

8 Pl I, o) ASOULINY 0 T, %0 5 T HEAT AR T 3¢, PR G A A S SEM A B e Al B2 DX IR AT AR
WAL o BEJE & R BI05 10 5 R0 15 405 1w 6] B 0.2 mm DUAR B ) 2 0BG 52, F1H] HMV -
G21 . {34 R 30T SR AN [R] 0 15 A B 2

[ 16 m |

#1 REMTEESHERS

Projectile ‘ Target Table 1 Main parameters and test states
Bamry é_ 2m 2m of all projectiles used in the test
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Fig.3 Test layout
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(a) Longitudinal profile of the plate penetrated by the WF/Zr-MG rod  (b) Longitudinal profile of the plate penetrated by the 93W rod

4 SR

Fig. 4 The macroscopic states of the target plates
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Impact direction

100 um
—
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Fig. 5 Microscopic crystalline phase of the 45 steel plate penetrated by the WF/Zr-MG rod
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Fig. 6 Microscopic crystalline phase of the 45 steel plate penetrated by the 93W rod
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249, B JFHR 2 (HEERTE I HV N 185) 455 T 2 34%, =i fd 12 (7R T DR Lf e 1 2 X3 9 P 34124 4 10.2 mmy;
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231.2 257.6
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177.8 169.4
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(a) Hardness distribution of the 45 steel plate penetrated by WF/Zr-MG rod  (b) Hardness distribution of the 45 steel plate penetrated by 93W rod
Bl 10 SEARAE XS L

Fig. 10 Comparison of target hardness distributions
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