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Simulation on the defending effect of composite structure of body armor
under the combined action of blast wave and fragments
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Hunan University of Science and Technology, Xiangtan 411201, Hunan, China)

Abstract: In the complex battlefield environment, soldiers will not only face the impact damage of bullets and fragments, but
also be subjected to the combined effect of shock wave and bullets caused by explosion. In order to enhance the performance of
existing protective gears and better protect the safety of soldiers, a human chest composite protective structure composed of
polyurea, Kevlar and foam was designed. Based on the LS-DYNA software platform, a finite element model of the chest
composite protective structure is established, and the validity of the model is verified by experimental data drawn from open
literature. On this basis, air domain, improvised explosive device and transmissive pressure test platform models are
established, and the formation of blast shock wave and fragments and their interaction with the protective structure are
simulated by the arbitrary Lagrange-Euler method. The transmittance pressures of different protective structures are compared,
while the effects of the arrangement types of protective structures and the thickness on the chest protection are analyzed. The
results show that under the action of blast shock wave alone, all three protective structures can effectively reduce the
overpressure of blast shock wave; different arrangement types of protective structures have less influence on the anti-blast
effect, among which polyurea-Kevlar-foam arrangement structure has better anti-blast effect, and Kevlar-polyurea-foam

structure has poor anti-blast effect, and the difference between the two pressure peaks is 2.42%. Under the combined action of
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blast shock wave and fragments, the peak transmissive pressure of all three protective structures is larger than that of the blast
alone; the polyurea-Kevlar-foam arrangement structure has a better protective effect, and the peak transmissive pressure is
reduced by 18.49% compared with that of the polyurea-Kevlar-polyurea-foam structure, which has the largest peak
transmissive pressure. Appropriate increase in structure thickness can reduce the damage to human chest caused by the
combined action of blast shock waves and fragments, but continued increase in thickness has limited gain in protection
performance.

Keywords: blast wave; fragment penetration; composite structure; chest protection; combined action
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214 o 2y S A R HEAR SR B A 25 A I, AR i o S AN . B, S RAE B A A R 1Y
ZoplERE, 2% Yang S5 AT IE ST T 0B B IR 5 CBERUSRR Ir 22 78, il 1(d) frs . B
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Fig. 1 Finite element model
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Table1 Parameters of Kevlar "

pl(g-em™) E,/GPa E,/GPa E,/GPa s s Moy G,,/GPa G,,/GPa G,,/GPa
1.35 21 21 4.6 0.31 0.14 0.14 1.2 1.2 1.2
K/GPa S./GPa X/GPa Y/GPa Y/GPa @ S\/GPa S,3/GPa S,,/GPa
2 0.25 1.2 1.2 0.8 0.5 0.55 0.55 0.55

PU MPRHA AR W] 58 (4 B A8 R0, SR ] MAT24 5 222k Be st i P AR A , 2R R AR IS 52 SCHT 2L
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s o (el ) HFRSRL ST, oo WD A6 S IR T
PU # BHAPERE S % SCHik [20] BYSLIREE, WIE 2(a) Brw, HALA B2 8003 2 s,

EPP K ] MATS7 5408, 26 kR F 4 2 PUMBSH™
WA B LA R SRR, X TR B2 v 4 Pk ) Table2 PU parameter™
IR R AT B RO o 2o MR s A pl(g-em”) EMPa u Crs! n
FI 1.07 150 0.465 98.16 4.52
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Fig.2 Stress-strain curves of PU and EPP**!]
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Table3 TNT explosive materials and state equation parameters'”>!

pl(g-em™) Di(m's™) A/GPa B/GPa R, R, w EJ(I'm™)

1.63 6930 371 3.23 4.15 0.95 0.3 7x10°

23S MATO S 448}, RS 5 B2 2K H* EOS_LINEAR_POLYNOMIAL:
p=Co+Ciu+Col’ +Cy* + (Cy+ Cspu+ Cot®) Ey (12)
SEAE AR 4% PR
Fz4 ZTEMHREREHRESH

Table 4 Air materials and state equation parameters'

plkg 'mis) G G G G on Cs Cs Eyd ‘m™)

1.29 0 0 0 0 0.4 0.4 0 2.5%10°
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B /R opfs B 3 2548 5 AR TR /0N, R G /N ER A L SR R 4R BB R MAT L, p=7.8 g/em’, E=208 GPa,
u=0.3. ST G R MRS5S Yang S BWF S BE, TR A5 B | E S FIAR 4L 1 R 4 i
PRI MATI, A8 388 FIANZL AT RS B0 TR], p=7.8 g/em®, E=210 GPa, 4=0.33; T p M 1.1 g/em?,
[E=43 MPa, 4=0.495; {1 1K % H EPP #1 K},

R Kevlar $1KH 432, K H CONTACT TIEBREAK _SURFACE TO SURFACE /il #5481 73 /2 31
G o ML T 3 4% ik, tiebreak 42l ASAN AT LAZKAZ R F7, 36 AT LR SZ 47 A7, HARRHE N A .

o\ (ol
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K o, RILWIN ST, o, YN R ST 5 o Bl oy 43500 A 23 (R 3% ) i B FNDT) [ 58 3, 228 SCHR [25] 43 3K
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1.3 1RBVIGE

SRR Kevlar A4 BHSE Y A 550t X SCHk [26] S8 56 EA T BRI B . S50 b BT GO Sk 48

k5 mm, 55K 20 mm, AR AR A TEYI A 150 mm, JEEEN 5. 10 mm. FIRAT MRS, %5 19.35 g/em’,

1 T b o AR AR L AR T, PRI 1 5 R T NS RS AY . phy T 38 BRI AR, DA ST 1/4 K08,
39 SR FHORE AR 120 5 A 58 4 o E i 5

XSG 218, 254 m/s (1 2 21 5150 #5 RERIERKEE L
AT EERAL, BE ARG 1Y 8 4% B 5 5256 19 70 Table 5 Residual velocity comparison for model validation
A EXT LR 5 PR . B S AT, BUE AR T /(mes™)
GERBGN TR, FEEM TR A VIS e IR
SR B AE AR A, i 5 A SR A £ 5 o AR Dl g 218 180 197 8.63
77, BE B R EAGE, B UL S S 254 150 170 11.76
—E R, IR ZER/N, BAE T Kevlar BEAS R A
Rtk

PU 55 2% SCHik [27] B0 UE o AR5 SCHk b ) 89 A b o 9236, 57 7 9 b el AR AROBE Y B AR RS
170 mmx170 mm, 54 B2 37 mm AR A, KB 500 mm.  H TR FR, PRt 7 U 4 2 —
B, 43 7R PG BR300 AN g S . SOk - 38b Ry 45 89, AESC50 R UL AR, oAz J1 A 11
BT L) 22, PR - 3SR R R A RHEE RS, p=7.85 g/em®, E=200 MPa. u=0.32, % HRH MAT3 S48},
p=2.7 g/lem’, E=68 GPa, 1=0.33, JE IRV J1 4 75 MPa, YJZA5i 54 4620 MPa,

S R FR— R AR SR RN B A, ik

JZ SR 5y IR JE A TR, X F6 WREHEPLLRAME
14.2 m/s [ SZE AT BUEARLL, W36 6 FIrs . Table 6 Maximum displacement at the back

XF L S 5 5 RE A 1Y de KA #%, B4 center of target plate
RIS AR, IR ETE 3% UM, K138 P KBS fmm

. . LR E AR 2ZE%

2 70 PU RIZSS I T T h O AL I RN ZR . th BlRE S
& 3 AT, 2 b PU IRZ S5 B E B th 4 5 5.5 mmA4 iR 15.40 15.62 1.41
S0 fh 2 R AR ], W B B AR T . RS 4 mm# f+4 mm PU 17.30 17.67 2.09
A M A TR BN AR S I T — 2 i I 22, 4 mm PU+4 mm#H#g 17.80 18.15 1.93

{EIX 32 2R PR O 1 rh AR A T e 2 e e MR

R 2, T AT 56 ofr ol iR A 5 i e L A 2 1) R AR B, MR T L AR AR I A 9 A, i R
FHB 7S, S S ol AR 1 i 45 B A 0 M, AR (o i el A 5 2 o IR 1R M 2 () )
7, DS A0 (0 B 2 BB UK, ELAE [0 5800 0 P RSB - 22 . 25 1 Pinadk, PU AR R
AR HER Y o
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Fig. 3 Displacement-time history curves of polyurea coating structures
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Fig. 4 Propagation process of blast wave
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MAETCB GO0, AR MEZ 5 A 3K, 0.5 m Ab A48 FE T35 0.81 MPa, AT UL i 47 45 #4 X6F oo I8 1) 48
R MR R I 64.2%, PRI 7 470 2385 44 T LA 5 IR AT R e b o ple R B e o 29 AT 3 s 4 e s 1 o R 05 8,
& 5(b) A7, G586 5652 B BF I, 38 B B KAE I R 4R [m1 3 . 3 Fh 4544+, PU-Kevlar-PU-EPP #l Kevlar-PU-
EPP Z5 #1915 8 JL-F-#H 7], PU-Kevlar-EPP 2544 (¥ {3 8% B8 /1N, 3 B 122 25 KA X 18 K 28 o () 41K B8 ) S 4, i
DL DT 6 0 B /N SR UG, BRI KR 207 T, PU-Kevlar-EPP 2550 F M RBAR T 53 41 2 Fhh
¥, i s R et

0.8 8
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(a) Pressure-time history curves of three structures (b) Time history curves of central displacement of
under explosion load protective structure

B5  BRESRAT T 3 FhaiHa i Ry i R I 2SS A e 1w rh O R I R th 46
Fig. 5 Pressure-time history curves and front center displacement-time history curves of
three structures under explosion load
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Fig. 6 Propagation process of blast wave and fragments
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