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Influence of layer spacing on ballistic performance of
double-plied plain fabric target
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(1. Key Laboratory of Textile Fiber & Product, Ministry of Education, Wuhan Textile University ,
Wuhan, Hubei 430200, China; 2. State Key Laboratory of Explosion & Impact and Disaster
Prevention & Mitigation, The Army Engineering University of PLA, Nanjing, Jiangsu 210007, China)

Abstract In order to meet the requirements of performance improvement and weight reduction of
flexible ballistic panels, and to optimize the structure design of flexible multi-ply ballistic materials,
spacing was incorporated between the adjacent layers to study the dynamic response of the front and
back layers. This research used ballistic penetration test to characterize the energy absorption capacity
of fabric panels, and also made use of a finite element model to analyze the mechanisms of energy
absorption. It was found from the ballistic tests that the energy absorption of the target decreases and
then increases as the layer spacing widens. When a critical value is reached, the energy absorption
stops increasing. The numerical predictions obtained from finite element modeling share similar trend
with the experimental results. It was found that the transverse deflection and the stress distribution area
of the front layer increase as the layer spacing becomes widened, whereas the magnitude of stress
distribution decreases on the rear layer.

Keywords  flexible body armor; ballistic material; layer spacing; anti-penetration performance;

ballistic penetration
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Fig. 1  Ballistic apparatus
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Fig.3 Finite element model for yarn, plain weave and projectile.
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(a)Yarn model; (b) Model of projectile colliding a plain weave
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Fig. 4 Impact-residual velocity curves of experimental
and finite element models for single and

doule layer structures

Bl 5 7 2 (] a) B AR Ak ok A I R RN 1 5
Me) o A - Y Al Sy S A R S B AL ) B g (G A B AL B
REM R ARTS ) 5 X Bl ol RUZ 05 28 °F- 280 23 4 () AH B 1) B
B o 38 I S RN A R AR A5 4 B T N AR T I i
() fig 5 B 1) BR85S RS L. Y IR BE Bk — A
Il B, g W O A5 1k 3 K. R R R Oy 2
3BT A B BT A SR AR R B Y 22 b L SRS FE
M 6.059, 4 «=0.01 W, F 4045 i BA F(8,18) =
3.71; % a = 0.005 B, F 4% 4 I A (M
F(8,18)=4.28, —#H/T 6.059,P<0.01, )i H
AR Z E) 22 Sk i 25 . G E R 0.2.3 4
16 mm [l AE B HEAT O 2 0 A, U F A
0.234, Y a=0.01 i, F 4345 s R Al F(4,10) =
5.99; «=0.005 M}, F 44 lfs S {5 F (4,10) =



62 Gy

# %41 %

7.34, ZFH KT 0.234,P<0. 01, $E{K[E] TG I & 2
o ¥R N 8.9.10 A1 12 mm [ IRRE Bk HEAT 5
ZEorMT, M F (D 0.05, /N Tl FH{6 F(3,8),P>
0.01, 844 ] TG 3% 22 5o o g & Ud, 24 )22 (] ] B
FEMIAE 6~8 mm 2 [A] I, B4 1Y W REME RE AT 8% 1Y
e mZEREEE/NT 6 mm 8{F KT 8 mm i, #
TR IR BE M A TC .3 22 5 . LR BUE 5 R 2
[i] 19 22 S E AR BUAE 2 SO0

—— LI HR
—=— AR

] HA—
S

30

1554
(=

.’._._._._._.

R Wi g L/

A 7] B /mm

PSR kB g i 2 ) ] B A L A
Fig.5 Energy absorption as a function of layer

spacing for sample targets
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Fig. 7 Transverse deflections(a)and contour plots of stress distribution(b) for back layer
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Fig. 8 Transverse deflections(a)and contour plots of stress distribution(b) for front layer
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Fig. 9 Energy absorption as a function of time
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Fig. 11  Change of time with strain and kinetic energy for back layer.

(a)Strain energy; (b) Kinetic energy
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