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Fig.1Finite element model of kinetic energy projectile with different wall thicknesses

P ESERR A HUAE 4 Ouyang 45 Error! Reference source not found. it V7 (%) 22 1 IG-AIF ) = J2 B¢ JBk 417 FLASE Y,
Be kR~ 9 0.3mx0.3m, HFE K EE 0.2mm, B G 38 8 P  MAT PLASTIC_KINEMATIC
KErE X, BEFYJZE 1.5mm, % Mooney-Rivlin #% MAT HYPERELASTIC» RUBBER <4
BN, NS B R 30mm, AR A Ogden # RS MAT QUASILINEAR VISCOELA
STIC KRBT E XL, MEIZHINEK 3-5, (iAEFEAREIAL AR 1R ] Solid164 A\ SR 570 H H iS5
NHARHTG, K Lagrange Pk, W% /N EHILE 0.6mm-0.7mm Z.[f}

() “Fullmodel

Projectile shell

Filler
Stbcutapeous

Dermal
tisSue andfat

Epidermis

(b) Half-section model
2 EEJE 9omm FHg AL 07 AR FE AR PR TR A

Fig.2 Finite elefment-model of a kinetic energy projectile with a wall thickness of 9mmimpactingbiomimetic target
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Table. 1 Material parameters of projectile shell

Material pol(kg-m3) PR G/Pa Cro Cor

Projectile shell 1030 0.49 1.953x107 5.473x103 2.152x10°

* 2 EAEYMEHER S

Table. 2Material parameters of filler

Model parameters po/(kg-m?3) E/Pa PR

Filler 1.104x10% 2.00x10" 0.3

% 3 %Eg*j*q*iﬂéﬁ Error! Reference source not found.

Table. 3 Material parameters of the epidermis model

Material po/(kg-m3) PR E/Pa SRC SRP

Epidermis 1300 0.47 7.73%10° 50 6

;E 4 E&E*ﬁﬂ*ﬁg&%& Error! Reference source not found:

Table. 4Material parameters of dermal model

Material pol(kg-m3) PR G/Pa Co Cor

Dermis 1030 0.48 2.548%10° 6.89x103 5.85x10°

% 5 ET@E@REHEHHE*;}'*#*E&%?& Error! Referefice source not found.

Table. 5Material parameters of subcutaneous tissu€ and fat model

Material po/(kg-m3) K N M

Subcutaneous tissue and fat 920 5.00x10° 6.00 6.00
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Fig.3 Experimental Setup Diagram
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Table,/6\Material parameters of rigid wall

Material pol(kg-m3) PR E/Pa

Rigid wall 7850 0.3 2x10M1

7 7 RIMEEESTEG 2 Fhod h, LI B

Table 7¢Experimental data of two types of projectiles in rigid wall experiment

Projectile Mass/g Velocity/(m-s™!) Impact force/N
Selid/ ribber ‘projectilel 29.49 56.20 4617.50
Solid” rubber projectile2 29.50 56.20 4888.40
Solid aubber projectile3 29.44 56.80 4813.60
Lead shot projectile with 9mm wall thicknessl 52.86 51.70 11848.70
Lead shot projectile with 9mm wall thickness2 51.73 51.50 11723.20

Lead shot projectile with 9mm wall thickness3 51.67 50.90 11422.10
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(a) Comparison of solid rubberprojectile deformation process between numericals\simulation and experiment

t=0.0002s t=0.0003s =0.0004s t=0.0006s
t=0.0001s 1=0.000258 t=0.0003s t=0.0004s t=0.0006s

(b) Comparison of the lead shot projectile with 9mm wall thicknessdeformation process between numerical simulati

on and experiment
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(c) Comparison of solid rubberprojectileimpact force between numerical simulation and experiment
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(d) Comparison of the lead shot projectile with 9mm wall thicknessimpact fouce b numerical simulation and

experiment
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Fig.5 Comparison between numerical and experimental resu projectile impact on a rigid wall
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Numerical Simulation and Safety Study' of Kinetic Energy Projectiles

Filled with Lead Sand Impacting Bionic Targets

OUYANG Dihua'?, LIU Yuhan!, PAN Jiazheng?, LI Zhe!, GUO Xiaoqgiang!, WANG
Song?, LIU Xingyu?
(1. School of Resource Engineering, Xi'angUniversity of Architecture and Technology, Xi'an 710082,
Shaanxi, China;
2. School of Chemistry and Chemical>Engineering, Nanjing University of Science and Technology,
Nanjing 210094, Jiangsu, China;
3. Equipment Management/and\ Guarantee Institute, Engineering University of Armed Police Force
of China, Xi'an 710055, Shaanxi, China)

Abstract: Tolenhance the safety of the non-lethal kinetic energy ammunition used in the current 38 mm
riot control guns;the finite element - discrete element method was employed to simulate the impact process
of the 38mm spherical kinetic energy projectile filled with lead sand on a human body-like target. The
modeling method and parameter selection were indirectly verified through a rigid-wall experiment, and
data on the deformation process, kinetic energy, velocity, displacement, and energy transfer rate during the
projectile impacting on the target were obtained. Based on this, comparative analysis was conducted on
different projectile velocities and wall thicknesses, and safety related shooting suggestions were proposed.
The results show that the projectile undergoes significant deformation upon impact with the target,
transforming into a disc like shape, while the target exhibits a circular indentation, with both deformations
being partially recoverable to some extent. The wounding power of the projectile increases with velocity
and decreases with wall thickness. The minimum safe shooting distances without causing abdominal skin
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penetration injuries for projectile wall thicknesses of 5, 7, and 9 mm are 122.40, 64.62, and 31.26 m,
respectively.
Keywords: kinetic projectile; impact dynamics; non-lethal effects; bionic targets



