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Ballistic Performance of Aramid Fabric/Epoxy Resin Composite
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[ABSTRACT] Experimental and numerical method were employed to determine impact resistance of the 30 layer-aramid
fabric compositeby. Firstly, the multi-layer fabric composite was fabricated and specimens were prepared according to the
experiment requirement. Secondly, the bullet impact experiment was implemented to obtain mechanical performance of the
composite, such as interface delaminate, fiber fracture. Thirdly, the FEM model was set up in Abaqus, and Hashin criterion
and Cohesive element were adapted to simulate behavior of composite failure and interface delamination. The information
of displacement, strain field, velocity of the bullet were obtained. Finally, FEM simulation result was compared with experi-

ment result, ballistic performance of the composite under impact load was analyzed, which contributed to engineer applica-

tion.
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Fig.5 Velocity and kinetic energy loss of the model in impact process
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Fig.6 Surface of the specimen after ballistic tests

2018461 B 57 - DiatiERA 91



WFE i X

TEARAR WISt T R L VR T, Rk b & S 1 1
LA UE R AL, 5 30 2 (HNE I ) SU03R e 2L,
LB, SHRERZ ML, REE AR B,
LU Z WA X 33K, 51K 6 Fr e B 2L B A e
I3

B8 TH1E(R ). 1LZ(R,).HE272
(Ry )5 28 J2( Ry ) I IR 2 AE i 45 3 5 19 AR T Fl
N353 . WTLAE S Bl n A2 R, R
X T LK IR, RSE o Omm 26 A7 5 10 #5E IT ilRE 7
A1, TF 2L AR, SR DX R A R AT L2 IR, S5
SR ZE R 6 WG, AN AL 2 1 I 24 DO TR 2408
REBRKESR

4 #ig
AR FR I 5 B ITA 45 4 1 7 ekt 30 J235

B R A RME sl BT E R R AT i )2
WEIR A FEREAT THESE . T LIS 5]

(1) X]T 30 )27 Y Gk, o ol U
g 400m/s (il RER A 88) ), RAESE T B K, A
[ 20 J2 I A R TR 2 28 SR, 3 1 AT T 1) 21
JE2 kAW B, T 2 R AR KA R W 2L, B
RS AN AL LN 6.65mm,

(2) ZEFRALYRCEAE R T, S 2 34
RN T R I ASAH ), 5 3 6 1 10 S i 2 24 X kg /N
I 3T T ) 5 1 2 22 X el K, o T 2 IR
Sig 4 KBV . S0 AR TE W 24 D R AT 24
W oy b R

(3 ) RHZEET Hashin #EWHI Cohesive FRITHIA FR
JC T VA BB HE T M o3 M 5 48 SV 5 B R R T b
RELA S JZ AT 2L , S b2 B SR04 R & et

(a)T, (b)Ty

(e )ng (d )Tm

E7 MmESAEAMBENTERNE A% ( XiERH4100mm x 100mm )
Fig.7 Deformation, stress distribution and fracture of different textile after projectile impact

Ly
(a)R, (b)R,,

Lx

(C)H27 (d)st

E8 MELEREARFAENEREE NS ( KIFHRFA100mm x 100mm )
Fig.8 Deformation, stress distribution and delamination of different interface after projectile impact ( F#: %1017 )

92 FiZEREHA - 20184E 55615 55 710]



PN
RESEARCH mﬁr&x

B CMJ W S50 &y 60~80mL/h, F /K= N
80~120ml/h.

2 % X #t

[1] sk . RHLES RO (M), dbat : ER7 T R
2007.

ZHANG Jianhua. Aircraft battle damage repair{M]. Beijing: National
Defense Industry Press, 2007.

[2] WS, I e AT S L RHLEC I EEATE AT (D).
B ARBT 2, 2012(4): 47-49.

YAO Wuwen, CAI Kailong , ZHOU Ping, et al. Research on the basic
mode of aircraft battle damage[J]. New Technology & New Process, 2012(4):
47-49.

[3] BAKER A. Bonded repair of aircraft structures|[M]. Heidelberg:
Springer Science & Business Media, 2012.

[4] ZRBERK BEWE SO, XUIMM | &% | TRHLES R A PG S A 2
RIFF RGP BB AR A (], 2 TR 2 ( ASRRHA L),
2006, 7(2): 1-3.

LI Shulin, HOU Manyi, LIU Jiacong, et al. Building of the modle base
in ASBDARDSS[J]. Journal of Air Force Engineering University(Natural
Science Edition), 2006, 7(2): 1-3.

[5] EZUGWU E O, BONNEY J, YAMANE Y. An overview of the
machinability of aeroengine alloys[J]. Journal of Materials Processing
Technology, 2003, 134(2): 233-253.

[6] CANTERO J L, TARDIO M M, CANTELI J A, et al. Dry
drilling of alloy Ti = 6Al — 4V[]]. International Journal of Machine Tools &
Manufacture, 2005, 45(11): 1246-1255.

[7] RAHIM E A, SASAHARA H. A study of the effect of palm oil
as MQL lubricant on high speed drilling of titanium alloys[J]. Tribology
International, 2011, 44(3): 309-317.

[8] HEINEMANN R, HINDUJA S, BARROW G, et al. Effect
of MQL on the tool life of small twist drills in deep-hole drilling[J].
International Journal of Machine Tools & Manufacture, 2006, 46(1): 1-6.

[9] MR . SRR ARRIR BT AU WU I 1 LS
BB DITE [J]. PUB T R4 L 2005, 51(15): 198-204.

GAO Kun, QI Lehua, YU Dazhao. Study on the in situ drilling
technology used in titanium alloy thin-walled structure of plane base on
combined mist—jet[J]. Journal of Mechanical Engineering, 2015, 51(15):
198-204.

[10]  BOBHEE , TRIFsL . PRI . sl Bk e o o
3T ] R EIBHIHL , 2009(3): 53-56.

ZHAO Xinze, XU Kaizhuo, ZENG Hubiao. The speed response
characteristic analysis of vane type pneumatic motor[J]. Hoisting and
Conveying Machinery, 2009(3): 53-56.

[11] EEF, BRIT , BUBHM . 55 . ST N T s 1
fE [J]. HUML T AL L 2005, 41(1): 208-211.

WANG Ailing, WEI Yuanqian, ZHU Xijing, et al. Grinding
performances of the machining fluids of oils on water[J]. Journal of

Mechanical Engineering, 2005, 41(1): 208-211.

EIREE: SR T YR, =R A s B B LA ] 1
H.H 311k, E-mail: gaokun5258@qq.com (?J—féﬁ 4 % )

(E#&%F927 )
& % x #

(1 BAZE, $EE , &0k, % . 5 AR bR
WIFE ). LA, 2001, 21(4): 42-45.

WEI Borong, JIANG Haibin, JIN Bing, et al. Study on speciality of
anti—circular cone impact for Kevlar composites|J]. Journal of Aeronautical
Materials, 2001, 21(4): 42-45.

2] ERT. ZEwtk . BIS . FEEU =g LR
L5 5 S 5 AT BROTRYL (], A1 TAE L 2013(9): 69-74.

WANG Dongning, LI Jialu, JIAO Yanan. 3D Meso—geometrical model
of plain weave fabric and finite element modeling under ballistic impact[J].
Journal of Materials Engineering, 2013(9): 69-74.

(3] S, Bt ALK . FIESA KEVLAR Uik
ity RERLRE S AR (7). B / A RIRE, 2015(9): 57-63.

SHI Chunxu, DUAN Yiping, REN Jiajun. Effect of interfacial friction
on impact energy absorption capacity of kevlar fabric[]J]. Fiber Reinforced
Plastics/Composites, 2015(9): 57-63.

[4] X7, Wk, BRIRIE |, 5 . RSV S PR phidi it S
ZUTRBRTE [1]. SEH6 12 , 2002, 17(2): 184-190.

LIU Ning, YAO Xuefeng, CHEN Junda, et al. Research on the
impact damage and fracture behaver of braided composites[J]. Journal of
Experimental Mechanics, 2002, 17(2): 184-190.

[5] B, XU, WORNE . SgUR S APRIEORE I il S22 47
5T [J]. B FHEEFHE S |, 2001, 26(5): 29-34.

YAO Xuefeng, LIU Ning, JIAN Longhui. Bulletproof clothes and
bulletproof compound materials[J]. Hi-Tech Fiber & Application, 2001,
26(5): 29-34.

(6] WhHE, MR, skEH . WA AMERLEE 5
HRAT IIEGE [J]. TR 12, 2002, 19(5): 118-122.

YAO Xuefeng, LIN Bisen, ZHANG Zhiyong, et al. Crack damage and
growth behavior of braided composite[J]. Engineering Mechanics, 2002,
19(5): 118-122.

[7] CHENLJ, YAO X F, CEN S, et al. Normal impact behaviour of
C/SiC rigid—felt titanium alloy three—layered plate[J]. Fatigue & Fracture of
Engineering Materials &Structures, 2016, 39(3): 357-371.

[8] YAO X F, XU W, JIN G C, et al. Low velocity impact study of
laminate composites with mode I crack using dynamic optical caustics[]J].
Journal of Reinforced Plastics and Composites, 2004, 23(17): 1833—-1844.

[9] YAO X F, LIU N, XU W, et al. Dynamic deformation
measurement of woven composite with edge cracks[J]. Advanced
Engineering Materials, 2003, 5(4): 222-226.

[10] B . Kevlar ZU7E i 400 T IOBUE DT E Oy kit 5
DA [D]. B s B S AR R, 2014,

SHI Qizhen. Research and application on numerical simulation
method of kevlar woven fabric subjected to impact[D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2014.

[11] SAHU N P, KHANDE D K, PATEL G C. Study on aramid fibre
and comparison with other composite materials[]J]. International Journal for

Innovative Research in Science & Technology, 2014, 1(7): 303-306.

BIEE: AT, Wt B TR, 55 10 i 2, E-mail:
zhaifl@hce.ac.cn, (ﬁéﬁ %\i )

20184E 61 BB 7] - Rl EEA 101



