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Research on the Evolution of Metallic Jets with Different Structural
Parameters of Zr—based Amorphous Alloy Liner
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Abstract: A shaped charge structure is a special charge structure that utilizes the Munroe effect to generate high-speed
metal jets and is widely applied in engineering fields such as oil perforation, blasting drilling, and rock fragmentation.
Amorphous alloy jets exhibit superior penetration capabilities and hole-enlargement effects, making them effective for
enhancing the overall penetration capability of shaped charge structures. A systematic investigation into the jet evolution
characteristics of Zr-based amorphous alloy composite liners was presented. Using finite element numerical modelling, the
jet formation behavior of Zr-based amorphous alloys under high strain rates was simulated. By analysing the influence of
various shaped charge configurations on the jet performance of Zr-based amorphous alloys through finite element
modelling, the jet formation characteristics of Zr-based amorphous alloys under high strain rate conditions were simulated.
The investigation examined how different shaped charge configurations affect the jet performance, determining both the
optimal charge geometry and the standoff distance. The high-strain-rate jet morphology was thoroughly characterized,
providing theoretical support for applications in shaped charge design. The results demonstrate that amorphous alloy liners
can generate distinctive jet formations. The composite liners fabricated by combining amorphous alloys with copper not
only ensure adequate penetration depth of the shaped charge jet but also significantly increase the perforation diameter
while enhancing postpenetration effects.
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Fig.1 Geometrical configurations of different liners: (a) schematic; (b) photograph
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Tab.2 Material parameters Tab.4 Numerical simulation scheme and results
Material Densit}}/ Gruneisen, cof(m-s") s Temperature Serial number  §/mm ¥l f T/ps S/(m-s")
(g-cm?) Y K 1 14 0.8 421:1 4598 6996.9
Copper 8.900 2.00 3958 1.497 300 2 1.4 1.0 536:1 3.077 9456.9
Zr-BMGs 6.400 - 4400 0.580 300 3 1.4 12 6.58:1 3.450 9616.5
45#Steel 7.896 2.17 4569 1.490 300 4 1.8 1.2 4.21:1 2.159 15 555.0
5 1.8 0.8 5.36:1 6.244 11 760.0
2 6 1.8 1.0 6.58:1 3413 8261.6
2.1 7 2.2 1.0 4.21:1 4.001 7576.3
: 8 2.2 1.2 5.36:1 2.998 11223.0
’ 9 2.2 0.8 6.58:1 6.558 6 154.6
’ Zr s
Ir
,Zr
N ) 3 o
Lo(33) . ’ :
o 3 8 ’f ’ﬁ
’ : JZr
Jf=hi/h
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Tab.3 Influencing factors and levels ’ :
Serial number S/mm ’ I T=8.671+1.0136-7.327/+0.444f (8)
1 1.4 42101 0.8 R* 0.846, 8.f.fi T 84.6%
2 1.8 5.36:1 1.0 . F (8)
3 22 6.58:1 1.2 F (F=9.132,p=0.018<0.05), o,f,/i
4 s T ,0 1.013
T ,S ° 4 (t=1.339,p=0.238>0.05), 1)
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34 :(a~i) 1~9

Fig.3 Schematic diagram of jet formation before fracture in Table 4: (a~i) jet formation analysis of types 1~9 structural liners
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Fig.4 Evolution of jet morphology for Zr-based amorphous alloy liners with different charge height-to-diameter ratios: (a) 0.8; (b) 1.0;
() 1.2;(d) 1.4; (e) 1.6; () 1.8; (g) 2.0
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Tab.5 Simulation results of Zr-based amorphous alloy jet

5

Zr

under different charge height—to—diameter ratios

§/mm f fi T/ps S/(m-s™) L/mm
1.8 6.58:1 0.8 4.141 6902.8 220.8
1.8 6.58:1 1.0 3.163 11221.0 173.8
1.8 6.58:1 1.2 3.524 11246.0 174.1
1.8 6.58:1 1.4 2.597 17 640.0 137.2
1.8 6.58:1 1.6 3.103 16 602.7 213.6
1.8 6.58:1 1.8 3.391 76759 201.4
1.8 6.58:1 2.0 3.200 3031.1 163.3

s s
° N
5
5 .

Fig.5 Jet tip velocity, breakup time and breakup length under
different charge height-to-diameter ratios
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Fig.6 Simulation of jet velocity: (a) location of velocity measurement points; (b) velocity distribution before jet breakup
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Fig.7 Temporal evolution of the shaped charge jet with the optimized structure: (a) 0 ps; (b) 1 ws; (¢) 2 ws; (d) 3 ps; (e) 3.103 s
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Fig.8 Static detonation test: (a) setup of the static explosion test; (b) target plate after jet penetration; (c) finite element model
simulation of the penetrated target plate
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