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Figure 1 Schematic diagram of 1/4 model construction for three interpenetrating TPMS structures
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(b) Single-projectile penetration model
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(c) Double-projectile penetration model

(a) Projectile model
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Figure 2 Two types of penetration models
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Table 1 JH-2 model parameters for silicon carbide ceramics

p/(kg-m>) G/GPa A B C M N 0w /GPa D, D, K, K, K,

3215 193 096 035  0.009 1 0.65 11.7 048 048 220 361 0

2 TI2A 845 TC4 &4 J-C RIS 4
Table 2 Johnson-Cook model parameters for T12A steel and TC4 alloy

Material Johnson-Cook (J-C) Model

TI12A pl (kg -m™) E/GPa A/MPa B/MPa N M
7850 210 1540 477 0.16 1.0

D, D, Ds D, Dy &ols™!
1.4 0 0 0 0 1.0
TC4 pl (kg -m™) E/GPa A/MPa B/MPg N M
4400 110 1030 952 0.4 0.8

D, D, D, Dy Ds Eols™
-0.2 0.25 0.2 0.014 3.87 1.0

AR P T53% FH A RN T12A 89, B 5 TCA &% # A& 3h &5 #1455 1) Johnson-Cook (J-
) [ BURMBER IR . fEZB A, SR TR N

o — (A+BSN)(1+Cln—z§> [1— ()] (10)
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(a) Penetration model (b) Penetration process
K3 (a) RAPER, (b)) R
Figure 3 (a) Penetration model; (b) penetration process
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N 0.3 mm MRS CLREISRCOT. DY RAEA [F) 45 Z 8] BA TN, AFES5 2R A 0.3 mm [
1o

2 BRSIR

FF M RAUERR R, TR T RS R I GREALATDL N 40 SiC A =Fh 2 46 2\ TPMS Z5 #4935
PRSI RO R BUEASEALL, 3 B b T BEAR A 4R BRI S L AR IR FE AN R 2 i T

2.1 WG RIRER

FEM A N, F N TPMS S5 IEhaS /12 ERE R B 2 MR R AOREM, XS8R B2 A A
[l TPMS BN AR R 0L [ 4 s 7 IERL L. AL ="M T, t=4.8us I 4l

SiC H M. )43 A Lo o
I Front view
| Top view
Bottom
view

K4 Nz A s =

Figure 4 Schematic view of the stress contour plot
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(b) Double-projectile penetration
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Figure 5 Stress contours of the pure SiC undersingle4projectile and double-projectile penetration conditions
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(a) Single-projectile penetration
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(b) Double-projectile penetration
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Figure 6 Stress contours of D-shaped TPMS interpenetrating target under single-projectile and double-projectile penetration

conditions
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(b) Doublesprojectile penetration
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Figure 7 Stress contours of N-shaped TPMS interpenetrating target under single-projectile and two-projectile penetration
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(b) Double-projectile penetration
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Figure 8 Stress contours of P-shaped TPMS interpenetrating target under single-projectile and double-projectile penetration

conditions
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Figure 11 Fitting curves of the ballistic\limit velocity for four target plates
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Table 3 Fitting parameters of three interpenetrating TPMS structures

Target type A P Vol (m-s7")
Type-D 0.75 1.69 445.69
Type-N 0.72 1.80 443.69
Type-P 0.82 1.83 448.31
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Numerical Simulation on Anti-Penetration Performance of SiC/Ti-Alloy
Interpenetrating TPMS Structures

ZHOU Haotian'!, LI Yinan', QIN Bin?, MENG Yuquan', SONG Weidong!

(1. School of Mechatronics Engineering, Beijing Institute of Technology, Beijing 100081, China
2. No.208 Research Institute of China Ordnance Industries, Beijing 102202, China)

Abstract: Ceramic/metal composite materials were widely used in national defense, military industry, and
aerospace fields as lightweight impact-resistant structures with high specific strength and high energy
absorption efficiency. With the development of 3D printing technology, it has become possible to fabricate
complex lattice structures based on Triply Periodic Minimal Surfaces (TPMS). In this paper, an
interpenetrating TPMS ballistic composite structure composed of silicon carbide »(SiC) ceramic and
titanium alloy (TC4) is designed. A series of numerical simulations are carried Out ufider single-projectile
and double-projectile penetration conditions using ABAQUS software. The¢ damage,modes, penetration
depth, and ballistic limit velocity of the proposed structure and pure SiChtargetiplate are compared and
analyzed. The simulation results show that different interpenetrating, TPMSsstructures exhibit distinct
damage and failure modes. The three-dimensional topological configutratien restrains crack propagation
inside the ceramic, resulting in slighter overall damage than the pure*SiC target plate. The damage caused
by the second projectile further propagates along the penetration region of the first projectile, and
accompanied by an increase in penetration depth. Compared with"the pure SiC target plate, the three
interpenetrating TPMS targets present smaller penetration depth/and higher ballistic limit velocity. When
the projectile can perforate the target plate, the P-type'sttucture shows better ballistic performance against
low-velocity projectiles, while the D-type structure is Superior against high-velocity projectiles. It is
demonstrated that the interpenetrating TPMS targets\possess better ballistic performance than pure SiC at
the same area density. The technical support and thedretical basis can be provided for the design of novel
lightweight ceramic armor in this study.

Keywords: triply periodic minimal surfaces_structure; silicon carbide ceramic; ceramic matrix composite;

anti-penetration performance; ballisti¢ limit velocity
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