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Abstract: Since TC4-ALTi laminated composite has a low density and a high strength, it is frequently
utilized in armor protection materials. Ballistic impact testing of TC4-AlTi laminated composite boards
was conducted using a first-stage light gas gun test bench in order to better investigate the penetration
resistance of the laminated board. Additionally, LLS-DYNA software was utilized to establish a finite ele-
ment model that was close to the conditions of the ballistic impact test. Through a comparison of the pro-
jectiles residual velocity and the target plate failure pattern determined by both simulation and experimenta-
tion, the efficacy of the finite element model is confirmed. Based on this, the impact of the shape of the
warhead on the target plate’s resistance to penetration is examined. The findings indicate that the TC4-
Al;Ti laminated composite plate has the best resistance to flathead projectiles in the speed range of this
investigation, followed by semi-spherical projectiles, and the lowest resistance to spherical projectiles.
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Tab.1 JC constitutive model parameters of TC4 layer of target plate

o/(gem™) E/GPa v A/GPa  B/GPa
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Tab. 3 Parameters of RIGID constitutive model of projectile body
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Fig.3 Testdevice diagram
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Fig.4 Bullet size schematic and physical drawings
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Tab.4 Ballistic penetration test results
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Fig. 5 The front and back morphologies of the target plate at

different impact velocities
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Tab.5 Finite element simulation result
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Fig. 6 Damage condition of front and back of target plate
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Fig. 8 Residual velocity of the projectile body at different incident

velocities
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warhead shapes
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Tab.6 Kinetic energy loss of bullets of different shapes
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Fig. 10  Stress nephogram of the projectile with different warhead

shapes penetrating the target plate at different times
WK 10 B, #EARAE 32 2k sl HE
BB AR U N SR AR, TR SRR 2 A AR
R, SRR R A R AR AR Y, HAR RS T o

TR K, O Mk ) PR DX sk PN R A SRR
TLE RSB, 7= A2 1. 5 A5 SR AR Y i
EALRE . WARIE s MIER T 2402,
HIR] 5 T8 11 ofr 2 DA Al 136 7%

BRI Sk SR TE R A BE AR S L BSR4 Kk
YR, SO 0 AR & A S A, Y ik
Bk e A RN G, R A AR E AL
Sk, ERMEEHRIE, TC4-ALTI &2 E AWM
SYIZBG T, B R o g SE e, (Hi% %E
R 7Sk g vl p Y SE B N, R BEAE R
T, X 32 B AR Sk S S AR Ao A T
B4R I A

TERWBIE AR, AR Sk A i B i A X 5 o
Skap AR ER L USR], A SIS, IR 1
PP FEML G . AL kR AR S, T
ARSI 6 -5 R 174 42 ik T RRAR /DN, FE SR BN 1Y ) 4R
HRRONE T, A Sk TR B E SRR NS, kA BT
FEMEIR o HE Y Sk S04 15100 S A o) o8 1 8 30 0 2
PALBEIR , H TR A IE 2 1L .

NERTE s A A2 A ¥0 AR A R ) == R o] DA
BRIE SRARTE 20 ps B O PRELZE B AR, 7] DLERIE
SRR R RE TR . SRR 7R ERIE R ah R
R G B EROE SR, A Y FLIF 24
Mok, H5HE SFAM L, RS ZEME .
iR B 5 AR TR R B RO, A S B
MG, TRV P A (R R TR ZE B i H SR .

ZiG R AR R SR AR SRR ) TC4-
ALTi & ZE AT HT, AT LIS B4 S 30
TR X FOAR A IR VE A & W B2, AR F
YR BV N, TCA-ALTI &2 8 SR F 3k
W R IRE ) ok, FLUR A ERIE B, i X BRI
B HCHTRE ) 555 o

48

AR SCGE o A U S BUE B AR S5 G 0
X} TCA-ALTI & )2 8 A M) b= 1004 fig o 17w
7%, 1R BILL N E5iE

D) il i a0 5 BUE A IS R, TEie
SRR P ) A B, A AR ) 5475 M IR
A BRICALSE 5 R 06 45 R B, K
TE T4 FROTA EAR A KA RS A S5 A 550k o

2) Hk RO Tl o K sh e A 4
A S, AR ) T Ay T % T 4y B B B T 3k



CEVEE 167 1D

SRS IRXT TCA-ALTi B2 B G WA IINERER WA 9 B (i 2B (FRIBE 45D 519

B BRIE S BRI Sk o | BR Sk A I AR TR
N

D EFEAMFEM ST, TCA-ALTIZBER
BT Sk BRI RE 1 i, PUERIE LA R R
W& 55 . ERE IR R B rh, FEE TP
PALEG, BIEIIL IR, AT E IS | i3
FEEE SRR AR R IR

SE Lk

(1L, k&0, JURGE, 45 . 05 D720 65

AT 5T R [T]. v [ bR R, 2021, 40 () -
225-233.
ZENG Fan, ZHANG Zhiming, FAN Genlian, et al.
Research progress on nacre-like laminated armor mate-
rials[J]. Materials China, 2021, 40(3): 225-233. (in
Chinese)

[ 2 ] ASSARI A H, EGHBALI B. Interfacial layers evolu-
tion during annealing in Ti-Al multi-laminated compos-
ite processed using hot press and roll bonding[J]. Met-
als and Materials International, 2016, 22 (5)
915-923.

[ 3] YUANM, YAO Y, HANF, et al. Evaluation of the
compressive and anti-penetration properties of Ti-
Al Ti-Al laminated composites [J]. Advanced Com-
posites Letters, 2020. https: //doi. org/10.1177/
2633366X2092187.

[ 4 ] GRUJICIC M, SNIPES J S, RAMASWAMI S. Pen-
etration resistance and ballistic-impact behavior of Ti/
TiAl;  metal/intermetallic  laminated — composites
(MILCs) : a computational investigation [J]. AIMS
Materials Science, 2016, 3(3): 686-721.

[5]LIUY, YIN C, HU X, et al. Ballistic limit velocity
of tungsten alloy spherical fragment penetrating Ti/
Al;Ti-laminated composite target plates[J]. Advanced
Composites ~ Letters, 2020.  https: //doi.  org/
10. 1177/2633366X209222.

[ 6 ] ¥R . TC4/AIBTIZIRE & MR H & L sh 5 )
FHERELD . M/RIE : M/REE TR, 2017

[ 7 ]YUANM, YAOY, HANF, et al. Effects of ductile
Al on the anti-penetration performance of the Ti-
AI3Ti Laminated Composites[J]. Results in Physics,
2020, 18: 103308.

(81, M, XIS, %. TVALTIZREE AR

o 45O R R R RO T LT ] SRR R R 5 T
2, 2019, 42(3): 116-121.
CAO Yang, ZHANG Dandan, LIU Jianxiu, et al.
Modeling for impact damage and failure analysis of Ti/
Al Ti laminate composite [J]. Ordnance Material Sci-
ence and Engineering, 2019, 42 (3) : 116-121. (n
Chinese)

[9]LIY, ZHANG H, YUAN M. Based on genetic algo-
rithm to analyze the anti-penetration properties and
optimize the structure of Ti-Al;Ti-Al laminated com-
posites[J]. Frontiers in Materials, 2022, 9: 806020.

[10] ¥4k . Ti-ALTiE)2E A FRHESOILES H % KR
RERZ R R BERAAMIT T (D ). KR shdbRe, 2020.

(11] 5kPHT . AL-Ti 2 AR ML S TR M BCR (B
BHULD ] R KEEH TR, 2021

[12]XIN L, YUAN M, YAO Y, et al. Numerical study
the effects of defects on the anti-penetration perfor-
mance of Ti6Al14V-Al;Ti laminated composites [J].
Materials Research Express, 2019, 6(8): 0865{8.

(131 &, MWl , Z=W], 4 . AEARAY)F T FRAE ) o A A

S FOIE AR AL 3 T [T]. BUAC R A3, 2022, 13
(3): 188-195.
YANG Hui, KE Ming, LI Ming, et al. Optimization
analysis of rigid projectile nose shape for normal pen-
etrating into semi-infinite targets[J]. Modern Applied
Physics, 2022, 13(3): 190-197. (in Chinese)

(14] AR, SR, sSkHE 7, 55 . ARSI RIE AL

1R VAE Sy 2T [T ). et B2k, 2017, 37
(4): 331-336.
YU Qingbo, GUO Huanguo, ZHANG Tianyuzi, et
al. Dynamic behavior of non-deformable projectiles
with different nose shape penetrating steel plate [J].
Transactions of Beijing Institute of Technology, 2017,
37(4): 331-336. (in Chinese)



