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Ballistic performance of double-arrow
negative Poisson’s ratio structure

LIU Yangzuo, MA Dawei, REN Jie, ZHONG Jianlin, ZHAO Changfang
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract; The penetration performance of the double-arrow negative Poisson’s ratio multicellular structure against bullet penetration was
studied by numerical simulation method. The penetration behaviors of bullets and the damage forms of the double-arrow negative Poisson’s ratio
structure under the three bullet target conditions of top-edge impact, hinge-point impact and side-impact were compared and analyzed. The results
show that the negative Poisson’s ratio effect of the double-arrow negative Poisson’s ratio structure is not significant when the bullet impacts the
structure at a high velocity. The bullet directly penetrates the structure at topside impact and hinge point impact,the damage of the cell element is
small and the anti-intrusion performance of the double-arrow negative Poisson’s ratio multi-cell structure is poor at this time. The bullet does not
penetrate the multi-cell structure at side impact,and the damage of the cell element is large ;the double-arrow negative Poisson’s ratio structure relies
on its double-Poisson’s ratio structure to deflect the bullet at side impact. The double-arrow negative Poisson’s ratio structure relies on its double
triangular structure to deflect and roll the bullet during side impact,which significantly increases its penetration resistance. The effect of the change
in the angle of incidence of the bullet during topside impact on the intrusion resistance of the double-arrow negative Poisson’s ratio structure was
analyzed. It is found that there is a 30° angle of incidence and a 60° angle of incidence. The double-arrow negative Poisson’s ratio multi-cell
structure has some resistance to penetration when the bullet is near these two incidence angles.

Keywords: cellular materials; negative Poisson’s ratio; structural response; local penetration
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Tab. 1

Johnson-Cook constitutive parameters of

45 steel and 2024 aluminum

p/ (g~

A1kt ) G/Mbar  A/Mbar  B/Mbar n

3
cm

45 7.83 0.76  0.005 07 0.00321 0.28

2024 5/ 2.78 0.47 0.003 69 0.00684 0.34

C/(-
ME ¢ m  T.JK TJK

kg™ - K™)
4540 0.064 1.06 1795 300 469
2024 4% 0.008 1.00 775 300 875

K2 45 4[.2024 $8 Gruneisen S
Tab.2  Gruneisen parameters of 45 steel and 2024 aluminum

Rt C/(cm - p,s_l) S, Yo
45 4K 0.456 9 1.490 2.17
2024 48 0.532 8 1.338 2.00

%3 45 $.2024 48 Johnson-Cook k35 %
Tab.3 Parameters of Johnson-Cook failure model for

45 steel and 2024 aluminum
Mok D, D, D, D, Dy

45 0.10 0.76 1.57

0. 005 -0.84

2024 45 0.13 0.13 -1.50 0.011 0.00
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Fig. 17 Cells and cell failure forms of the hinge impact
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Fig. 18 Force and deformation diagram of bullet
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Fig. 19 Velocity-time curves of bullets under
different working conditions
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Fig.20 NPR structure energy absorption curve

under different working conditions
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Schematic diagram of bullet incidence angle
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Tab.4 Incident angle parameters of model
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Fig.22 Bullet trajectory at different incident angles
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Fig.23  Velocity-time curve of bullets at
different incident angles
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