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JBy, ELIZZE R 0 B 8 J2 0T AN 23 % A R T AR IR, 3 WIS B 45 4 X T90 2 & R AR R 22 (W e 0 A BT 4R 7.
Liu S &3 7 —FP 52N SiC P . M= 5IKIZ28 6061 58 105 4 &2 4 8% o kL, i fb . etk
B P RGBT HE T 7o Guo U Bt T — e IR B B 2 52 G MRS, A 9E T AN RIE SR )
PR MITERE . Gao ZFU' FH SiC 5 H & W . 12 %4 (adaptive and slow-polymerizing, ASP) R Igi% it T
— M B A B3R 2 4514 (nacre-like structure, NLS) (957 5 52 & e, & B0 ] i A28 0 A v 199 7 T A% 45, A1
1RANRER, S Sk P 2 B R AR T B L o Tian S50 A EE T —Fp TC4 FEAL S SiC MR &
54, KB T TC4 HEZEXS SiC M AHRAE R, (45 /M W PT R 1 88 1 & F W] 10 %% B2 19 TC4 Mok, wT I,
LU0 T8 v B B BRI RE O BAA IR KA HS B Y, Zhang U ZERTE B IEAL LA SiC AT i —
FARE, W T — A 8Ok TCA HESR 5 SiC WAk IR & 4548, DF 5% & 3L, 44 1 P 8 174 S48 ot B T 24 T iR
AT R P R PR R B, O — 2D AR i AL N RE AR AL . BRER ST AGY T —Fh R R A AL, T
BRI B 8 A Ay 3 s A0k A 4 8 45 v A i R A SRR, 3 3 (AR R 2 5 ) o) s LA U,
JE AT K i IR BR I 7 Jm 3, WA B 0 2 2 1 i 0 .

MEAER, 3D FTENHE AR (Y & e L e A 3 ]l ) 325 52 4% sl MR 25 4 B oy Tl BB, 0 S5 19 0 S e il L AE 2
B 9 A5 B B R A N FH I o Hod, = R 39 A% /)N il 1T (triply periodic minimal surface, TPMS) 4% #4) i
THAZAL . RMELD DL RR K 4001 BE H AR DXy B A R 5 | T A 2223, IR TR T
W RE . 98 AETT T T TE . Bjeh SR 316L A5 ANH i A [FAG L) TPMS A1 RF, BT T H AR AR o ol
SR R, B T vl BT BT R B VIR B R AR, R Y P Y (primitive) TPMS HA L 57
PR IPERE . Qiu ZEP sl X) b 8 Bk Y[ TPMS [N g - I AR 1 28, & BRAH X 2 B 7E 30% BT B,
F-RD #! (F-rhombic dodecahedra) fil D %! (diamond) TPMS #1453 fx L i W BERE J1 o Yassine %5120 3 oo V% ik
WIS 7 R B TPMS S5 #EAT T Rl iR 1555, % B D BUF1 G 2 (gyroid) TPMS SR e {47t
ZWPERE, B TPMS 1 T2 S 50 g A o & % o5 MR 25 M i BT R Ik g A AR R . g eh ve 512 LU
SiC MMM T D BUFI G B TPMS £544), 1 i 5 SLAR AV S 380 045 5 B (E B, & B D B TPMS (9 E
HEMOBCSCR W3, TG B TPMS FEAF 11 B A il 18 45 48 mT Sk 38 ol A8 s I AR AR BE . 5 Dl R PR A
R R B e b gy B R T 2% 0 X F TPMS B4l 45 .20, Qin &80 SRk HIBOE 3 X 45 1k
(select laser melting, SLM) . 2 il #& T~ TPMS, il i< 2 3338 HLIWT )2 148 7 R & B i A9 TPMS W 778
KB S5 BRI, AT 1 2552 i TPMS 2544 (14 ) 2 1 RE

g T H TPMS Z544 1) s 15 2 iF — 20487t FF AT 065 B %840 &2 & M B} (interpenetrating phase
composite, IPC) 5 TPMS #%5 & . 1PC j&H 2 Fhak 2 Fh DL (9 AHA L 09 2 A 8, B A LR 2
LN, 25 AH Z [A)5E o OWSE R BT B2, R b RS AL T AR rh 2 a2 AP DL AR ARSI £
FHARHEEAR B P fiE . Novak %P WF58 T TPMS 42 )8 5 B4 W4 B IPC L6 A [R] vhas 3 B2 19 ) 2 4%
e, R T I AR R Y TPC AR A I 78 B & 1) L BB 2 W2 U (specific energy absorption, SEA) & 7+ T
38%., Singh ZE2VWIFY T TPMS Wi & 5 4x J@m ¥ i A TPC A 38 T 25 Sy 24 PERE, & BLHC L REHE IR il 2 2
AH B 3 A8 A4 R 400 £%5 L) 1. Santos ZEPY WF5Y T TPMS A AL 40 5 5044 ALY TPC A9 il 1 K S22k fE, &
PUAR I 25 U8 1 FE S BT RA T i RN RE fE W WA T o, Horh D AVRD G R GE A B 4T 1Y ) 2 PERE

H T, X7 F HA TPMS 2544 19 IPC A4 Rk T2 100 1 BEAFF 58 FH X 488 /b, 1 b ir 1 % 2 470 = Pl i 2
BT 5T IR B, 2 4 45 48 T A A4 T P s e T BT AR I RE U, HL TPMS S5 #7624 H B SIS B A BR
B R T ARWETOR A Bl B A5 TPMS 454 (%) IPC 4 il 3 75 7, £ F 3 Ff TPMS #9%L, ¢ 57 3 Fh 4 )& -
B 5 2 4 2 TPMS 2544, 43 B JHL 1% B 345 48 /00 LR 480 T 50 B A e 3 8 07, O 15 ) 45 1f 4% B2 19 2
SiC #EATXF MY, B 7R ST 26 B s i bo s vk g, 4R A bt 2 & F T e )1, MR IR E G g%
JZ B AT LA R 3 i 2 2 Jo Bl 2 PP 4 BT I B LI
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1 HERY

1.1 J0LfayR 8

TPMS J& H& T2 [1] iy 171 & J 1M > 1 — A e 2 6] v B JE I PEHES RR P i it i O s [a] LA
TR AT L o) 525 B R B 09 T 2 32 3K 52, 33X o (145 TPMS 455 440 A A A% 5 o [ 405 ) ELAG B 9 (14 W] 34
PEo B eRECE R — A = R R ¢ (o y,2) R MRt EAE x .y z Jr i) B AR Ak, A BRI Y
D . P RN N B TPMS 4544 i Bl B2 R

%} F D A TPMSEY

cosXcosYcosZ—sinXsinYsinZ=C €))

X} P % TPMSP!
cosX+cosY+cosZ=C 2)

XFF N TPMSP
cosX+cosY+cosZ+3cosXcosYcosZ=C 3)

A X =2anx, Y =28ny, Z=2ynz, x. y. zR/RSE A LR, ZHa. B, yHERI B x. y. 28 A0 R
C} TPMS FK I i m F% i, FH LASE il TPMS 2544 B AR X 2 5 o AR 7 B A2 X, TPMS il T 4= ] &) 43
Sk PN B B RN AP R L 3 SR ] 2 Ry B34S TPMS G544 (1) 38 5o ¢ T 19 JE D) AR i IR 45 4 (sheet-
type) 5 (2) 3 28 K P A4 sl A1 0 4ak S A A DA ZE 1l S AR 25 44 (solid-type) P¥o X T 515 1, B bR AL o (x,y,2) I
R -C<¢(x,y,2) <C; MX T HIE 2, ¢(x,y,2) Wi 2 ¢ (x,y,2) < Cilp(x,y,2) > Co ABFFLH) TPMS &4
Y13m a3 77k 2 .

3 Flt TPMS ZE4 AR 19 #2297 AL, LA D 2 TPMS 0], 2848 A R ~F 4 40 mm=40 mmx10 mm,
K1 8x8x2 JL Tk o R AR, AR /A BERLBEAT O B ¥ /4 BERLSR Sl TC4 5 53 Fil
SiC #47, I Bl g, o TC4 #43  TPMS 2544, SR IR 9 5027 4K /4 MSLattice £ AP, 2% FAFF
JH Matlab (9455502 T EA, 51 X5 AR TPMS #h F 04 59 52 8K P82 07 B2 09 5K M, SCHe 200 TPMS #h
FIEE AL A= BRI AR . 7E MSLattice H1i% B H AR 9% B 20%, S RT R 5 mm. A R — 4B
A MK SE R A STL ST, (B i T H: MM B 4 2%, H STL SCHE AR BA SR MAS o0, REEEEHATH
FRIT oA, BRI, 3875 15 B Hypermesh X (% i/ E— A A0 B B, KA 2009 1/4 #08S A ABAQUS,
FR A e R 4K SiC A TCA 1 A4 HE 4 43 0 K 3> AH L 1) 4548, 56 B 27 4 =8 TPMS A A5 R T A L 4 2,
W 1R . FE VAR AR T, B SE A 32 R 32 R 28 UL Y vhedi B AR FE W R AR B R AL P

Interpenetrating TPMS Interpenetrating TPMS Interpenetrating TPMS

(a) Diamond (b) Neovius (c) Primitive
Bl 13 Fhepdial TPMS 45K 1/4 BRI AR A
Fig. 1 Schematic diagram of 1/4 model construction for three interpenetrating TPMS structures
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PEBMK SR 17 B i 224 50 ISR ST AR I RE T, 17 P 5 B 4 38 S T A 19 T RS T 28 I Bt T O 2844 T Ry o 3 A
RBIE RIS DTRRAR /> o BB AN, T AR KB AT P B 2 5 R A i 3l S T TR K L RN R 4, R
JEE 75 LA B 538 S A80R, AR YR 43 BT 220 W Bl s - 4 T SR T8O, , LT RS 23 R A 1 B T 24, Y AT otk
BB, AR R BT FiR iR, BB % 5 4 JE i AR &R A% 55T R B 2Ly 5005 Ak 3 e,

A 1 A% BT 4R H C3D1OM A% BT . 5 4% DU T & 5156 (C3D4) M B, C3D10M ot A D4
BETE 7 A WS T e A BREDRG E N EEAR E (4 I ) - AR T, C3D10OM 2 —Fh T B IE Tk
B 10 AN 8 (4 AT SR 6 AN T S AR SRR T L RR S S IR 5 8 A A B TR AE Y
TRTE BT YT (), [ S o AS o] 45 bRk e ) (AR B i R R A U . 5 B I A 11 RUSH 38087, Ry i
iSRS B 5 80%, [R) B PR UEAS [R) 45 44 22 8] A Rl LG 1, 8 — R FH 0.30 mm 1 4% .

1/4 TPMS ZE@ AR R 2 20 mmx20 mmx 10 mm, [ % & 8 34.52 kg/m?, Fr A 284 #E AR 19 R ) 4
6] | T RE AR A o (R, ARBI ST 30 SR T SRk Ak ik B ¥R AR S 2%, Him % 5 TPMS 284 LR [v)
h 34.52 kg/m?, i i H R ST 20 mmx20 mmx10.74 mm,

K AT 8 mm A SR R X7 3 5508 350 m/s, TS R ST AN 2(a) s o A RIS R A A ) 5
iz TPMS $EAR A Pt P A, M HE T 2 PR IR, 4330k SR 4] RORL SR Y] o v B s 42 ) 85 7
rh ) LA S AR Y SR ] 1/4 AL, LR IR R DN 2 AE S SR AR A ) KR Ak b, T 1/4 SR AR G A —
RAFAZY, B 350 m/s. RARIESS 2 & FHRMI R AES | R FIRMIEAR TR Z G, K5
2 KT S SRR AR BRI B 30 mm, 2 iR IR 2 B N 2(b) AT 2(c) TR

(b) Single-projectile penetration model

¥
0"9 .
’b,,]
[N

(a) Projectile model (c) Double-projectile penetration model

K2 2 MBI
Fig. 2 Two types of penetration models

10.73 mm

1.2 MRHREEESH
TEREREAU R, SR A TH-2 BRIE 354 SiC R %e B AT RHE P, ARIESFEON ) o B 38 0
o' =07 =D(o] - 07) )
e o S8 BERDR G T i R A5 O 15 oy D A A B I B S AR F1 5 DR, AE 0~ 1 Z AR
o 3 AN JCHSFERN T i IR AT

o= O'/O'HEL (5)
or=AQp +T5) (1+Cln g (6)
ol =Bp™M(1+Clné") (7)
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A o N L BRAERN JT ;5 oue 0 Hugoniot SEPEMN BRI J7; p M TR TT, HHp* = p/pue %51, Hbphy
SEBRE J7, pue 0 AE Hugoniot 34 A BR &b 1) F g5 T R 0 58 40 B KRR AR K e, B T = T/ T
gt Hot T 0 WEBERE 7R SZ (19 SR R B A K R T, Ty 2 M BHE Hugoniot S A% PR AL 9 47 ffi 3 7K R
I3 & = &leg MR WN AL R, Hpe WLPRR AR, &g WS HNAAR; A, B, C. MFIN B .
R 45 D SO SBPE  AR 55 4545 AR 22 b, ik ok
AEP AEP

K Aer Sy — 3 2D VR R AR 1 A AR, ef A TEE T IR AR, d, | d AR B
W 24T 44T (D = O ) By K f1 R
p=Kip+ Koy + Ky’ )
X K Ky K R SH K IRBEL R u=p/po— 1, p o MHTHRHE T, po HWTIRFE R . Mu<0
K T3 R pi iy, 2(9) i p = KA o AW A BUERA I PR - B SiC B & ARk S 8o 5% 114
fis, Horh, G oA BT YRR

# 1 SiCER JH-2 S

Table 1 JH-2 model parameters for silicon carbide ceramics""

plkgm™)  G/GPa A B cC M N ow/GPa d, d, K/GPa K,/GPa K,/GPa
3215 193 096 035 0009 1 0.65 11.7 048 048 220 361 0

FERLLL 7508 FH A A R T12A B0, 55 TCA 5 G 45 °% F AL & 2l 2545411 Y Johnson-Cook (J-C) A%
PR RIS FR o TR rp, SRR ) -R AR S 2R N

o =(A0+BOsN°)(1+c01n§—p)(1—T*MO) (10)
0

A 4y, By Con My, Ny BN RLE KL, A, W8 IRSREE, B, WIEALSEL, C, AR REUR R K &0 AT
REAS g R BRPE RN AR 3R B AR R G M N 1.0 T = (T =T,) /(T —T) NI AN BE, Hoh 7424
AR, TN EIR, T WA RHE S . Boifie Ll
AEP
&
Aot o AR R, HAEAE 0~1 Z a1 284k, Y w = LI AR R,
MEPRES T RN AE &F 2k

oP
g‘f’:(D1+D2eD“)(1+D4an—)(1+D5T*) (12)
0

o CHEOKIE I 5% J1Z2 W, D, D,. D,. D,. D, MRS E0, TI12A 895 TC4 (RIS 53 2,
Hdr, Bz R

&2 TI2A 5 TC4 A €H) Johnson-Cook FEE S %
Table 2 Johnson-Cook model parameters for T12A steel and TC4 alloy

Material pl/(kgm™) E/GPa Ay/MPa B,/MPa N, M,
TI2A 7 850 210 1540 477 0.16 1.0
TC4 4400 110 1030 952 0.40 0.8

Material D, D, D, D, D; &/s™!
TI2A 1.4 0 0 0 0 1.0
TC4 -0.2 0.25 0.2 0.014 3.87 1.0
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AW 5T R i A BRJCHFE 7 ABAQUS/Explicit #EATEUEBIL . A4k 2w A A 78 B4, BfAL 5 R A 2
V) SR FH 30 FH 2 fik, 22 fih 55 T Ak 79 R 8 R B BN 0.4,
1.3 HEZRMUTEMRE

FIFHSCHE [16] Y 12.7 mm 55 R BE SRR SiC Pl /6082 45 & 4 Jo A0 #E S0, 56 UE A FLABE AU 1Y
ISR, RGN 3(a) TR o SiC B HE R ST 24 150 mmx 150 mmx5 mm, J& 200 55 58 Ry
@240 mmx250 mm. A AR B, SR 1/4 B, TR 0) U R 859.56 m/s, P S5 AR 2 IA] SR
FH Tie $2 fil [ 22

BUE RIS BN R L B2 AN K] 3(b) TR o WIha B B, s o P & 40 5 R iR s, R
P 5 R A g, LSk BRI IR A R AR Bk, o AR E T2 U B sl % . RS2 )R, T et b
BRI K 90 mm, 5256 i ¥ AR A AR TR B R 85 mm'®, W 3 I 22 7E 6% LA, ] LLIA Ky 7 B 5% 114 0 {4
PURTEE S 7 AR O 22 109 JL R AT e o 5 D M 28 5 U A5 BB () ) B 45 ) 2 T R L 2 R 2 A

" Irls-'E_

007ms

(a) Penetration model (b) Penetratlon process

3 RUEEI AR R

Fig.3 Penetration model and penetration process

2 B WA RSF RO, X 4l SiC SR AR AT T A% W skt e . 1S T 0.35. 0.30, 0.25, 0.20 mm
4 Ff A% RST R P R IR o 45 SRR, B WS I, R E B T E. 0355 0.30 mm ¥
K RSE T AR IR FE A AH X 1R 25 2.5%, 25 7 1) A% i 4% 5 2500 380 B K R B2 34 Jm, Tk 0.30 mm
& 2L R AZUCEL Y S PRUE N [R] 45 44 2 (6] H AT AT ek, R R 2549 24 F 0.30 mm A9 4% R

2 GRS

BT AR AR, TR T A8 LR D1/ RGHR W) T80 T 46 SiC Al 3 i 24 X TPMS S5 44454 1 1
PREONE A BCELREAEL, X6 e 73 A 1 S0 B0 408 1 BRI ASE 5 | AR AU 8 R PR 2 125 S B

2.1 HAEIFER
Ep A T, 4G TPMS 254 19 30345 )
l Front view .Top view

P BE 32 21 Z2 Fh K 2 (52 IR, X B R 2 £ 2R A
KIEJ TPMS BN R FUR R RO R B T 00 . 5] 4
JER T IERL ., AL AL 3 AR R, =4.8 us B
ali SiC [ 1 53 A i Ol o

B 5 R T 4l SiC 7 B R ) AR ) 2 F

BT AR 220 B4 8 3 o3 A AR O AR, ) 4 Lz LA R 2
PIE e t=4.8 us B, 5903k 5 50 b 3 fh o 11 B 0 Fig. 4 Schematic diagram of the stress contour plot

4 2 7 B8 e, IO T vl A ) DU S Y SRR G 6=60.0 s BRI SR, AT 0% 3 B i A TR
(7] b 5 Sk DR b B2 0 77 AR TR o 585 2 R SOAL AR BIFE SR 1 & 3 FLAR U5 & S R AR B IR, B35 e
TR C I B A g e e, (] I e AR 32 S R 22 84, X P A B 5 SR Al AR A P IR BE L 2 2
S SRALFT ol 1 1 3 3 A B G20
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Stress/GPa

30.170
2.875
2.625
S N N
2.125

1.875 =48 s =20.0 ps =60.0 ps

1.625 (a) Single-projectile penetration

tar G5 GIE

=88.0 us =104.0 ps =160.0 ps
(b) Double-projectile penetration

5 4l SiC eI/ TO0 R #IN ) 2 14

Fig. 5 Stress contours of the pure SiC under single-projectile and double-projectile penetration conditions

AH I T SIiC, 274 XX TPMS &2 2% (9 4 1 45 4 { HAE 1 5= 450 B9 0z 7 4 A R0 4 4 i R B &2
F. Elo6. B 7. B8l /RT DAL NI P AIZEH L TPMS #E7E B2 45) /U 1Y) A [R] B 20 11
B = AR B SRR R . AT AR, =4.8 s I S AT R B AR IE P B, A T2 R Sic o
aORUE BN 1, 3 FP SRR TPMS 45 #4 76 A5 4% 45 b B 8 AR 1 IX . #E SiC 5 TC4 1) 38 il
Ab SR FH A5 55 4 3 AR A% DR UE IV 7 I AT 825 SR T A% 1, DRIt SRR 7 XA TR AT BE g I8 O A R
(1) HF 2 Flobp R B BEBTASR], 25 28 e 4 5 o5 BELPT Y SiC miARBHBT ) TCA & 3G s & B # 5 5
S o B R TCA 1 28 I8 R AECH MR 08, 30 TCA B /AR RE g DX A 5 S5 77 A 1) S 28 i g
5502 e 4 I B 2 A SiC R B R 1 R R, 8 SIC HIB IR S X . (2) TC4 H Y R ) 3% s /T SiC,
45 SiC N 7 B AT T TC4, T30 TCA Hh i 1 1A J8 BBl Y SiC, JE g 2 AN 7 X,

-

1.375
1.125
0.875
0.625
0.375
0.125

Stress/GPa
30.170

2.875
2.625
2.375
2.125
1.875
1.625
1.375
1.125
0.875
0.625
0.375
0.125

=4.8 us t=20.0 ps =60.0 ps
(a) Single-projectile penetration

S ' O

=88.0 us =104.0 ps =160.0 pus
(b) Double-projectile penetration

[l 6 D % TPMS ZEii il 7E SR 01/ RGRA T-00 ~ 9 ) == &

Fig. 6 Stress contours of D-shaped TPMS interpenetrating target under single-projectile and double-projectile penetration conditions
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Stress/GPa
30.170

2.875

540 % JRIIERAE . BRALREAR A 4 RN TPMS S5 M BRI RE A (B 57 557
2.625
2.375

2.125 . h. h.

1.875 =4.8 us =20.0 pus =60.0 ps
1.625 (a) Single-projectile penetration

iz s Gl

=88.0 us t=104.0 ps t=160.0 ps
(b) Double-projectile penetration

Bl 7 N & TPMS SR SR 241/ SRR TH0 T 1m =

Fig. 7 Stress contours of N-shaped TPMS interpenetrating target under single-projectile and two-projectile penetration conditions

30.170
2.875
2.625
2.375

2.125 =4.8 ps =20.0 ps =60.0 ps
1.875 (a) Single-projectile penetration

1.625

1.375
1.125

t=88.0 us t=104.0 ps t=160.0 ps
(b) Double-projectile penetration

0.875
8 P &I TPMS ZEAHHIAE SSRABHAR A T00 T 157 ) 2= ]

0.625
Fig. 8 Stress contours of P-shaped TPMS interpenetrating target under single-projectile and double-projectile penetration conditions

0.375
0.125

WLEE =4.8 ps I 40 SiC 1z BT LU H, — Rl R G v 1 ) A0 AT 1 24 D82, 3K 2 oy T i oo ol g
i R R L ik S R A (E e K o X RN Al SIC 5 3 M gE 4 2 A A B R i R B, AR T A
SiC PRI | D i RBP4 T T 2 B, 5 A AN R A I T A 4 T R S R TR 34
GRERO], HAG BRI R AL, IRt T A b TCA MY =4 5 e W A R 7 A RO & i
FHRL AW IR R, #h I, BRI %, H N ALY P RISE KR TC4 FR 2 B Gt T AR BE R, S
WIS N TS 5 20 g e 2 ek S N A 2 A i G S R, R TCA I g ik 2 A SRR AR RE,
ToTE PHAEFAR 2L SiC — M R Y BRI I 3, Bk — 2D 1 58 1 10 90 s 457 042 640 B k5 107 8 A% 47 38 i 1 U
J2 FH T 20 4 U EE AL PP AR 04 TC4 ol 753 $0 AR B U S5 R0 R PR o 597 4 23 A 8 L 7 I 9 . 1 553 £
FHBELLE 185 1 3 68 1 i, (00 40 0 1 Ao A 50 24 o P R 2 i 22

1=60.0 ps IF, 3 Ff &5 A4 32910 B 1 S ALL P e o (0 45 4, ARG 194 Tl AR BT 0 e 4 0, 3405 SN 4 P TR
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Table 3 Fitting parameters of three interpenetrating TPMS structures

Target type a P vgo/(m-s™)
D 0.75 1.69 445.69
N 0.72 1.80 443.69
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 under 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 SiC target plate are compared and analyzed. The
simulation results show that different interpenetrating TPMS structures exhibit distinct damage and failure
modes. The three-dimensional topological configuration 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 primitive (P-type) structure shows better ballistic performance against low-velocity
projectiles, while the diamond (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 theoretical 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; ballistic limit velocity
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