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ABSTRACT

Analysis has been performed for the penetration of a long-rod into MMC/Ceramic layered armour system with
several shot test and a series of simulations. Two types of MMC plate have been fabricated by a liquid pressing
method; A356/45%vol.%SiCp with a uniform distribution of SiC particle and Al7075/45%vol.B4Cp with B4C
particle. The mechanical properties were measured with the high-speed split Hopkins bar test, hardness test and
compression test. The popular Simplified Johnson-Cook model was adopted to represent the material characteristics
for FEM simulations. The performance of the MMC applied armour system has been made by comparing with the
semi-infinite mild steel target using the depth of penetration(DOP). The results show that placing ceramic front
layer provides a certain gain in protection, and that placing another ductile front layer provides a further gain. The

application of MMC is found to be attractive.
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Table 1. Target layers

Back-Up
Fromt Levers (Semi-Infinite)
Case 0 .
(Reference) Mild steel
Case 1 SiC only Mild steel
Case 2 Steel / SiC / Steel Mild steel
Case 3,4,5 MMC/SiC/MMC Mild steel
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Fig. 1. Recovered MMC layered targets
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Table 2. Mechanical properties
Tungsten alloy | Mild steel
Density (g/cm’) 17.2 7.82
E (GPa) 350.0 200.0
Poisson ratio 0.3 0.3
Flow stress (GPa) 2.0 0.65
Table 3. JH-2 model constants(SiC)
Property Value Property Value
Density (g/em’) | 2.82 SFmax 0.8
G (GPa) 183 HEL 14.567
A 0.96 P HEL 59
B 0.35 D1 0.48
M 1 D2 0.48
N 0.65 K1 (GPa) 204.79
EPSI 1 K2 0
Sig (GPa) 0.37 BETA 1
g AR FaEd (1]
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Fig. 2. Stress—strain curves(A356/45%vol%SiCp)
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Fig. 3. Target cases(0, 1, 2)
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Fig. 4. DOP_ratio vs. Mass_ratio

Table 4. Summaries of results for cases 0~2

DOP_ratio
DOP_total M.ratio
(mm) | simulation|  Test
Case 0 88.9 1.0 3% error 1.0
Case 1 88.37 0.994 N/A 0.809
Case 2 84.74 0.953 N/A 0.768
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Table 5. MMC layered target configuration

MMC_front middle MMC_rear
layer layer layer
Case 3 | Al7075/B4Cp SiC A356/SiCp
Case 4 A356/SiCp SiC A356/SiCp
Case 5 Al7075/B4ACp SiC Al7075/B4Cp
<Case 3, 4, 5>
Top view o MM(C front _
Steel t =99
| {guide 1 Ceramic t. =20.1
r t, =10
MMC rear:
SIRE 5
v N
100
v Mild steel
| 120 |
\ \
Fig. 5. Target cases with MMC(3, 4, 5)
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Table 6. Summaries of results for cases 0, 3~5

DOP_total DOP_ratio .
Tl M_ratio
mm) | Simulation|  Test
Case 0 88.9 1.0 1.0 1.0
Case 3 91.21 1.026 0.91* 0.633
Case 4 89.78 1.010 0.96* 0.638
Case 5 85.17 0.958 0.95* 0.548
* A 3 A gk
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o |
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] ¢ Semi-nfinite steel only (Case 0, Num.)
2 o8t + SteelSiCl/steel/steel backup (Case 2, Num.) T
O B4C_MMC/SIC/SIC_MMC /steelblock (Case 3, Num.)
A SiC_MMC/SIC/SiC_MMClsteel block (Case 4, Num)
07 a B4C_MMC/SiC/B4C_MMC/steel block (Case 5, Num.)
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Fig. 6. Comparison of DOP_ratio vs. M_ratio
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