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Ballistic behavior of tungsten fiber/metallic glass
matrix composite segmented rods
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Abstract: Integrated with the relevant penetrating tests, the ballistic behavior of the tungsten fiber/metallic glass matrix
(WF/MG) composite segmented rod is systematically investigated based on the meso-scale finite element method (FEM), and
the comparative analysis on the penetrating performance is conducted between the composite segmented rod and the composite

»

long rod. Related analysis shows that the composite long rod has the remarkable “self-sharpening” behavior as well as good
penetrating performance, the “self-sharpening” in the composite segmented rod is less significant, and particularly, dispersal
of the reinforced fibers is easily to occur in the structure. Correspondingly, the penetrating capability in the composite
segmented rod is remarkably weakened compared with that in the long rod. In addition, the segmental number and the
segmental interval have considerable effects on the ballistic behavior; however, the penetrating performance of the composite
segmented rods with various structures is always lower than that of the composite long rod.
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(a) Long rod and related components!'* (b) Sketch of penetrating test
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Fig. 1 Tungsten fiber / metallic glass matrix composite of long rod and schemetic sketch of penetrating test
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(c) 3D finite element model (d) Meshes in the transverse cross section
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Fig.2 Tungsten fiber/metallic glass matrix composite short rod and the corresponding finite element geometrical model
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Table 1 Geometries of the tungsten fiber / metallic glass matrix composite segmented rods

T.h N L/mm S/mm 1 1,/mm I/mm I/mm
Cl1 3 36.7 0 0 36.7 73.4 110.0
Cc2 6 18.3 0 0 36.7 73.4 110.0
C3 18 6.1 0 0 36.7 73.4 110.0
C4 3 36.7 36.7 1 36.7 110.0 183.4
C5 6 18.3 18.3 1 55.0 128.3 201.6
C6 18 6.1 6.1 1 67.2 140.6 213.9
(oy) 3 36.7 73.4 2 36.7 146.7 256.7
C8 6 18.3 36.7 2 73.4 183.3 293.3
Cc9 18 6.1 12.2 2 97.8 207.8 317.8

s 0
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Fig.3 Schemetic of the tungsten fiber/metallic glass matrix composite segmented rods
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Table 2 Mechanical properties of the Zr-based metallic glass and parameters in the modified coupled thermo-mechanical

constitutive model"”"*!
ol(kg-m™) E/GPa v T,/K T/K T,/K s om’
6125 96 0.36 300 625 993 1x10" 2.5x107%
V/m? c/Jkg K™ & £ a np, Ac Ay
2x107% 400 0.05 0.065 0.05 3 0.05 0.35

#x3 SEMEH Johnson-Cook 1&EE S

Table 3 Johnson-Cook model parameters of metallic materials

M pl(kg-m™) E/GPa v T/K T,/K  A/MPa  B/MPa n C m o/
9SWHY G 4 17 900 410 0.28 300 1752 1650 450 0.12 0.016 1.00 1
30CrMnMofi 7850 200 0.29 300 1793 1200 310 0.26 0.014 1.03 1
LY-9% &4 2700 68.9 0.33 300 925 270 154 0.22 0.130 1.34 1
FHEH c/Ikg K D, D, D, D, Dy cfmsh) S, Yo @
9SWHY G 4x 134 3.0 0 0 0 0 3850 1.44 1.58 0
30CrMnMo’R 477 32 0 0 0 0 4578 1.38 1.67 0.47
LY-9fR A4 910 25 0 0 0 0 5200 1.40 1.97 0.48
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Fig. 4 Deformation and failure of the composite long rod and the target under different penetrating conditions

(a) 2D simulation result

(b) 3D simulation result

(c) Test result 14
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Fig. 5 Deformation and failure of the composite short rod and the target at v)=1 886 m/s
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Table 4 Penetrating test data and the corresponding

simulation results

Yy SRR

BRI IR /mm

B4R
(m-s™") mm Y =Y
1406.8 922 89.6 88.9
ISE
1565.5 pie s pie s piEs
ST 1 886.0 32 34.5 34.7
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Fig. 6 Residual shape of projectiles after penetration Fig. 7 Variations of rod velocity during the penetration
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Fig. 8 Penetrating process of the segmented rod in Fig. 9 Penetrating process of the segmented rod
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Fig. 10 Velocity characteristics in the key points with segmental number in different cases
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