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Protective performance of PASGT combat helmet under pistol bullet impact

LUO Xiaohao', WEN Yaoke" , YAN Wenmin**, ZHANG Junbin®,
CAO Yanfeng', DONG Fangdong®® , HUANG Xueying*

(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Science
and Technology on Transient Impact Laboratory, Beijing 102202, China; 3. No.208 Research Institute of China
Ordnance Industries, Beijing 102202, China; 4. Unit 63856 of PLA, Baicheng 137001, China)

Abstract: Although the new combat helmet can effectively reduce the pistol bullet penetrating damage, the back
face deformation (BFD) of helmet may cause head injury. In order to accurately simulate the transient mecha-
nical response of combat helmet under bullet impact, a progressive damage constitutive model for simulating the
mechanical properties of composite combat helmet was developed based on the user material subroutine VUMAT
of Abaqus. The finite element model of 9 mm lead core pistol bullet penetrating PASGT aramid combat helmet with
impacting velocity 343 m/s was established. The accuracy of the numerical simulation was verified by the helmet
BED curve and the bulge shape of the inner surface. The failure mode of combat helmet shows that the helmet
mainly occurs fiber tension, matrix compression and delamination failure. During the penetrating process, the
stress contours on the helmet presents a regular diamond shape at the initial stage, and then slowly diffuses around
and evolves into a circle. At three different angles of incidence (30°, 45°, 60°), the velocity of rebound is 72.9 m/s,
165.5 m/s and 240.1 m/s, respectively. Finally, the probability of skull fracture caused by the BFD of the helmet was
estimated using the blunt criterion.
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Fig.1 Personnel armor system for ground troops combat helmet
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Fig.2 Finite element mesh model of PASGT combat helmet
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Fig.3 Finite element mesh model of 9 mm bullet
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Table 1 Material parameters of PASGT helmet™® '

o/ ElOEBOE

GIZ/ Gl3/ G23/
(gem®)GPa  GPa  GPa MPa MPa MPa

X/ X/ Y/ Y./ Z/ Z/ Sl Sl Swl
MPa MPa MPa MPa MPa MPa MPa MPa MPa

123 22 22 9 025 033 033 770 2715 2715

800 80 800 80 1200 1200 77 898 898

Notes: p—Density; Ey, E>, E3—The elastic modulus in X, ¥, and Z directions; vi2, v13, v23—Poisson's ratios; G2, G23, G13—Shear modulus; X, X, Y,, Y, Z,,

Z,—Compressive and tensile strength in X, Y, Z directions; Sy,, S5, S;3— Shear strength.
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A—Damage strength; 6,,"—Equivalent displacement at the beginning of
damage; 6,,/(B)—Equivalent displacement corresponding to complete
damage; G°—Equivalent fracture toughness
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Fig.4 Bilinear constitutive model of cohesive element
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Table 2 Material parameters of cohesive element!”!

p/(gem™) K,,/MPa K /MPa Ky/MPa #)/MPa

9/MPa

#/MPa GS/(Jmm™) G$/(Jmm™) GC/(Jmm?)

2 4830 4830 4830 34.5

9 0.24 0.47 0.47

Notes: p—Density; Knn, Kss Ky—Elastic modulus; #3, 0, 1 —Normal and tangential strength; GS, GS, GE—Critical energy release rates in

mode I, mode II and mode III.
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Table3 Material parameters of bullet!*®

o/(gem™) G/GPa A/MPa B/MPa N C M T T, D, D,-Ds
Lead core 11.34 7 14 18 0.685 0.035 1.68 600 294.0 1.0 0
Copper jacket 8.45 46 90 292 0.01 0.025 1.09 1356 300.15 0.8 0

Notes: G—Shear modulus; A—Initial yield stress; B—Hardening constant; N—Hardening exponent; C—Strain rate constant; M—Thermal

softening exponent; T, —Melting temperature; 7,—Room temperature; D;-D;—Damage constants.
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Fig.5 Schematic diagram of 3D-DIC test for blunt impact effect inside helmet
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Fig.6 Comparison of the experimental and the computed observed back

face deformation (BFD) curves for PASGT combat helmet
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Fig.7 Comparison of the experimental and the computed observed bulge shape for PASGT combat helmet
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Fig. 11 Equivalent stress distribution of PASGT helmet outer surface at different time
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Table 4 Bluntimpact assessment results of PASGT helmet

Angle of v Probability of
incidence/(°) BC fracture/%
0 1.27 23.4
30 0.93 8.2
45 0.49 2.0
60 -0.93 0

Notes: Vgc—Blunt criterion parameter used to predict injury risk.
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