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Table 1 Parameters of 3D printing equipment

processing laser power  scanning speed hatching
temperature / °C /W /mm-s™ distance / mm
167 18 4000 0.3

focusing system
Claser C-———(@)--—— 1| scan mirror

: computer @
roller material % 7

spreading system
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powder deposition system
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Fig.1 Molding principle of SLS technology
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Fig.2 Specimen for mechanical property testing
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Fig.3 Universal testing machine
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Fig.5 Mechanical property test results
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Table 2 Dynamic compression test data

gas chamber pressure / MPa & /s &,/ MPa e,/ %
0.12 1192 50.8 5.3
0.18 1664 72.5 6.8
0.25 2100 81.4 11.2
0.32 2673 97.1 13.0
0.41 3085 126.3 16.9

Note: eis strain rate; & is yield stress; &_Js yield strain.
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Fig.6 Constitutive Parameter Fitting Curve
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physical proto-

a. structural schematic of b.

miniaturized warhead type
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Fig.7 Schematic diagram of the miniature warhead
R3S

Table 3

the miniaturized warhead

Detailed parameters of the schematic diagram of

part materials H/mm m/g
charge JH-14 10 1.217
liner 3D-Printed PP 6.93 0.115
shell 3D-Printed PP 12 0.793

Note: H is part height; m is part mass.
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shell charge

L
lingk v\polyethylene

stand-off tube

2A12 aluminum
alloy target

a. schematic diagram b.

test site layout
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Fig.8 Static armor-piercing test site
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Fig.9 Numerical simulation model

2 ) B TELR SR BT I TR 22 20 KB AR
RAETE ), ALE J5 B 75 Ab 31 [ AR AR I8 Iy i, WA &
W RO o 38 B Ak B3 H A BROT )7 i, T AT
e I A% 2 RE BRI R B B 0 B4 O vk Ak PR A i R
(Mesh Distortion) . {H 3 Ff fi i FRE Dl 00 A B A2 11
JC A B 1k o ALE J5 % ml R HY 9 A% &F 22 12: (Mesh
Smoothing ) F [ W 22 b 1) 190 s %5 2 10 A7 280 By 1k 199 %
W 7%, AT PR UE A BRI I R4 T o il , A SCHE A R
TC AT R FHAT 2 HA% 9 H -BR L (Arbitrary Lagrang-
ian Eulerian, ALE) 33 , ¥ & 3D 47 B[ 53R 4 4 2 780 55 i
RS 3t 702 I A ) ) BAE L AIE 5 o e Ab , EAR Y 5
AE 2 24 A e AR R b, 25 0 ) O w3 W B s T
I, 23T L 7 30k T B 5 35, 3 — PR 2% KXo B A 4L 11
BE IR ARG, WOk B s RS T S
A% “BOUNDARY_NON_REFLECTING” , i LU
i i Jir A7 04 90 5 T LA JG R A dad b, EL R g AT DA AE
RICRSHERE 2
232 MHBERKSH

T BER S B AR U S5 e P B AR Y TR ) SR )
HE AR AR R L R I “MAT_NULL” & “EOS_LIN-
EAR_POLYNOMIAL” X 25 S EAT i ik o HE 2 114 B4
S 2ATV2 BRI A I A B S R U N B M RHAE
el R TR N e AR AR W AT o LA T GRU -
St

www.energetic-materials.org.cn



T %4 JE A BT 3D 1 ED SR TN o 5 Vit 58 4 B ) BT 52

171

NEISEN IR 25 77 2 & JOHNSON-COOK 5if: Ji£ #5143 [i]
TR & 7 T R AW 24 ) B R AR bR R BAR S 8K
I T35,

*FF JH-14, {#i F JoneseWilkinseLee (JWL) J5 &
A R AR R T

WAE,)-m™; A B.R, R, Ml w ¥ AR H B, B
Y FERS5.

R4 M2\ EEMBETESH

Table 4 Main parameters of 2A12 aluminum alloy materials

A P E A B

’ R1V RZV v 2A12 2.77 71.7 400 424 0.7
L, P RE S Pas VIILE I N EEGE, NI 3D-Printed PP 1.043 2.98 3496 5827  0.815692
5 JH-14 mREME 2R SR
Table 5 Parameters of JH-14 high-energy explosives

p/g-cm™ D/m-s" P/ GPa Eq/kj-m™ A/ GPa B/ GPa R, R, ®

1.695 71.7 30.4 8.5%10° 618.4 6.9 4.3 0.87 0.38
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Fig.10
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Influence of ALE grid size on jet head velocity and
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Research on the Lethality of 3D-Printed Polypropylene Jets for Micro UAVs

ZHANG Shu-tong', ZHAO Shuang', GUO Dong-yang', ZHAO Dong-zhi’, CHENG Chun’
(1. School of Equipment Engineering ; Shenyang Ligong University , Shenyang 100159, China; 2. North Hua’ an Industrial Group Co.,Ltd. ,Qigthar 161046,
China; 3. MOE Key Laboratory of Impact and Safety Engineering , Ningbo University, Ningbo 315211, China)

Abstract: Polypropylene (PP) asa low-density polymer material, forms jets with considerable lethality. Micro UAVs with advan-
tages such as low cost, strong adaptability, and rapid response, can significantly enhance combat effectiveness, requiring their
warheads to balance lightweighting and destructive performance dual demands. This study explores the application potential of
3D-printed polypropylene as a shaped charge material in the damage field of micro UAV warheads. Micro thin-walled polypro-
pylene shaped charges were prepared using Selective Laser Sintering (SLS) technology, and mechanical property tests were con-
ducted to obtain the mechanical properties of 3D printed PP materials. The Johnson-Cook constitutive model parameters were fit-
ted, and the results indicate that the material features excellent ductility and strain rate sensitivity, with dynamic yield strength
significantly increasing as the strain rate rises. The polymer jet formation process was analyzed by combining PER theory and vis-
coplastic theory, revealing its head expansion characteristics. Static shaped charge penetration tests and numerical simulation
were adopted to verify the damage lethality of 3D-printed PP jets at 3—5 CD (CD represents the caliber of the shaped charge).
The experimental results show that the effect is optimal at 4 CD, with a penetration depth of 17.10 mm and significant hole ex-
pansion. The numerical simulation results indicate a penetration depth of 16.04 mm and an open hole diameter of 7.986 mm,
which are highly consistent with the experimental data. The performance of four polymer jets and a copper jet was further ana-
lyzed across five distinct dimensions. The research demonstrates that the designed 3D-printed polypropylene shaped charge liner
can satisfy the carriage requirements of miniature UAVs, providing a theoretical basis and novel insights for the design of
high-lethality micro warhead destruction.

Key words: micro UAVs;selective laser sintering;polypropylene liner;miniature shaped charge;damage lethality
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