a1 B wmOE 5 W & Vol. 41, No. 1

2021 4F 1 A EXPLOSION AND SHOCK WAVES Jan., 2021

DOI: 10.11883/bzycj-2020-0069

FHAKBERIMEESRBMFIEESRKEN
FEM-SPH fB& it H &R

AOFER KER, BIRE?
(1. HEBE AT AR, L2 100076;
2. IHERF W HiZ#E A4 0, dLat 100084;
3. PEB RS R TS H ARG, LA 100094)

WE: ATRE/DNORFETREREVREE SEPMBIEE SRT GEWET) M0 BN, & SCKAE 5
Y FEM( finite element method) -SPH( smooth particle hydrodynamics) & & 11 5 45 %1 v 2 B I8k B 5 508 (19 A BR o0 485 280
JC(Johnson-Cook) 41 R} 55 584 43 1] 5 4 &y SPH 45 %Y 1 JH2 ( Johnson-Holmquist-ceramics ) A4 45 %Y, #2 H T %7 #! FEM-SPH #%
AP EBIR . B 5 RB, B FEM-SPH #8471 AR R ] DUAG OB Pl s e 4 B 42, 9/ SPH R+ AL B JTHS & 1153
7, T AR O B AL G T R B TR AR, IR 45 1R T B 8 FEM-SPH # 4 3  S AR 1 A B DG A R A
RAF RS 3R .

XHBEIR: F M bes MRS A A SR H B W1 H; FEM-SPH A& 15 AR )5 72, L AR PR ok &

FESAES: 0385 EtrZERG: 13035 XHERFRERE: A

An FEM-SPH coupled model for simulating penetration of armor-piercing
bullets into ceramic composite armors and glass composite armors
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Abstract: To improve the ballistic simulation accuracy of ceramic composite armors and glass composite armors (transparent
armors) against small-caliber armor piercing bullets, the new FEM (finite element method) -SPH (smooth particle
hydrodynamics) coupled model was proposed, which replaced the FEM model and JC (Johnson-Cook) material model of the
armor-piercing-bullet core of traditional FEM-SPH coupled model with the SPH model and JH2 (Johnson-Holmquist-
ceramics) material model. The results show that the new FEM-SPH coupled model can effectively simulate bullet core
fragmentation and reduce FEM-SPH coupled calculation amount. So it can improve the computation accuracy and efficiency.
And the FEM element/SPH particle size and armor modeling size of the new FEM-SPH coupled model are optimized.
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Table1 Composition of ceramic composite armors
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Fig. | Twisted jackets and comminuted cores of armor piercing bullets after penetration™™
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Table 2 Modeling methods and material models for the new FEM-SPH model of ceramic composite armors
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(a) Cutaway view of an armor piercing bullet (b) Armor-piercing-bullet core (c) Ceramic plate
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Fig. 2 The FEM-SPH model of an armor piercing bullet and the SPH model of a ceramic plate
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Fig.3 The new FEM-SPH model of structure 1 and structure 2
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(a) Cutaway view of structure 1

(b) Cutaway view of structure 2
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Fig.4 Simulation results of structure 1 and structure 2
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(a) Front of ceramic plate of (b) Back of ceramic plate of (c) Front of ceramic plate of (d) Back of ceramic plate of
structure 1 structure 1 structure 2 structure 2

i

(e) Center ceramic of (f) Cutaway view of center (g) Center ceramic of (h) Cutaway view of center
structure 1 ceramic and bullet core of structure 1 structure 2 ceramic and bullet core of structure 2

Effective plastic strain

(1) Side view of bullet core (j) Bottom view of bullet core 0.1
of structure 1 of structure 1 0

FlS BEEARSE I S AOR M N AR <

Fig. 5 Effective-plastic-strain contours of ceramic plates and bullet cores

(a) Partial cutaway view of FEM model (b) Partial cutaway view of traditional FEM-SPH model

Bl6 55 1A BROCH S RIfE 58 FEM-SPH R 1T
Fig. 6 The FEM model and traditional FEM-SPH model of structure 1
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(a) Partial cutaway view by FEM model (b) Partial cutaway view by traditional FEM-SPH model

7 %1 KA RICERITIE 4 FEM-SPH #EA B8 G5 BT 45 R
Fig. 7 Simulation results of structure 1 by FEM and traditional FEM-SPH models

(a) Cutaway view by FEM model (b) Cutaway view by traditional FEM-SPH model

K8 R BROTER AL S FEM-SPH G0 RIA5 51 () o i e A LR 0 S5 R R AR 2 4]

Fig. 8 Effective-plastic-strain contours of center ceramics and bullet cores simulated by FEM and traditional FEM-SPH models

Front Back Front Back
(a) By FEM model (b) By traditional FEM-SPH model

9 A MRITHREIFILSE FEM-SPH RIS 1 B AR 1 S8 B I 1o 78 = ]
Fig. 9 Effective-plastic-strain contours of ceramic plates of FEM model and traditional FEM-SPH model
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Fig. 10 Influence of ceramic spacing to computed
ballistic limit velocity
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Table 5 Composition of the transparent armor
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(a) Cutaway view 1

(b) Cutaway view 2

11 BWPEH (BT FEM-SPH #4308
Fig. 11 The new FEM-SPH model of the transparent armor
=6 BEARFREE FEM-SPH 84 1T ER AR EE S A RHEE
Table 6 Modeling methods and material models for the new FEM-SPH model of the transparent armor
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4.2 #HE FEM-SPH B4t ERETELER
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K12 i FEM-SPH # & SRR (7 B T3 4 R I A
Fig. 12 Cutaway view of simulation result by the new FEM-SPH model

(a) Front of upper glass (b) Front of middle glass (c) Front of lower glass
13 JCHLBES B SFROBTER AL 2 5]

Fig. 13  Effective-plastic—strain contours of glasses
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(a) Cutaway view of FEM model (b) Cu

Bl 14 BV A IROCH BRI RIE S FEM-SPH Al 5 HH
Fig. 14 The FEM and traditional FEM-SPH models for the transparent armor
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(a) Cutaway view by FEM model (b) Cutaway view by traditional FEM-SPH model

K15 W A AT BROTREAS A4 58 FEM-SPH A AL 075 L34
Fig. 15 Simulated results of the transparent armor by the FEM and traditional FEM-SPH models

(a) Front of upper glass (b) Front of middle glass (c) Front of lower glass

Bl 16 SRHAIA FRITEAIS ) i TOH LSS 1 S8 e AR =
Fig. 16 Simulated effective-plastic-strain contours of glasses by the FEM model

SREIERIEET AEET

(a) Front of upper glass (b) Front of middle glass (c) Front of lower glass
17 RJAFESE FEM-SPH #53 BRIAS 21 1) ToH L A9 S5 RO R I A 2 4
Fig. 17 Simulated effective-plastic-strain contours of glasses by the traditional FEM-SPH model
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SFECH 50 mmx50 mm, NFSD 7£ NFS JEfl F#0 A RS 2CA 150 mmx 150 mm, 39058 A% B e 5 DL S 56 (8
(584 m/s) Ay IH— L bRAE(E, TTHEETRI DL NFS BB 150 8] (14.6 h) S H—fbbrdE(E . 3 7 /LR
H, B FEM-SPH Fi& B AR RUAE T3 ARG B A 0R O i 38 BT — Bt #5144 FEM-SPH #
BT B RIAR L, B 8 FEM-SPH #5411 545 7 (10 58030 AW R 138 1 15 5 580 {8 (9 A 5O 22 P 13.5% B AIE 2
5.0%, BT A D> T 81.4%.

#7 BRAZEXRAFEEEEGER0RERREE LUK T E AR R R
Table 7 Ballistic limit velocities of the transparent armor by different computational models

and the corresponding time used for computation

TSR FEM OFS NFS NFSA NFSB NFSC NFSD
ST A PR R B T 0.711 0.865 0.950 0.899 0.916 0.813 0.967
TR 0.171 5.384 1.000 0.253 8.637 0.233 3.178

6 FERREH- M RS FEM-SPH 2411 E &8 i 12 48 S R 1

M5 A FEM-SPH # &HHEAA AU S0 B SPH FIA PRI BE | #0 0 N~ o8 % PR 5 5 LA B 7 %
FATIFE BT PR R 7. N 7 nT LA Y, 5 B 2% FH A A SPH AT FR T RUE R 0.6 mm, #EAR TR
100 mmx100 mm s, 558 A5 PR 3 3 2 28308 208 i 0905 B Bk 1 o

7 & it

A SCHRGE T 58 RGeS AR I Bl 5 A2 65 8 F RN B 38 5 5 206 R Y FEML-SPH A5 TH IR0 TR ) A J 1k,
FET o R pe s gt o F R R rh B PR AR 2R 42, B AL G2 i) FEM-SPH #i45 THE Y rh 2 BT R e sif i o
A BRTAR IR AT JC b4 RS RY 43 51 5 4l SPH B BT TH2 A RHER Y, 42 1 1 37 B FEM-SPH #i4& 31545
R 38T 1A BROCARLF RUBE | AR RS A8 05 B A 45 SR i s ma R, B 2848 v T 28 B R e iR D) Pl
BE AWM E G W05 Lo B BRI AR . A SO IR BUR B — etk = X, EH T
b 25 FR R e st st ks A9 05 ELAI T, A BT R e b O B BT ARG B RRRCR
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