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Abstract As a typical negative Poisson's ratio structure, the concave hexagon is commonly used in modern energy absorption
devices. Based on the honeycomb structure and the concave hexagon, five kinds of structures were firstly obtained through space
intersection design. The deformation mechanism and structural mechanical characteristics of five kinds of structures were discussed
by finite element simulation and compression test. Then, the transient equivalent calculation method of structural counter-force was
given by using vector analysis method, and the calculation formulas of counter-force, collision velocity and acceleration were
derived. Counter-force calculation results were compared with compression test, and the test results were basically consistent with
the theoretical results. Finally, the optimal structure was filled into the crash box, and the collision simulation analysis was
processed with the new crash box. Tt is found that the mechanical properties of concave honeycomb stucture ( CHS) cells with
negative Poisson’s ratio are better than those of the traditional honeycomb structure (THS). In the second type of structure, C-C
structure can increase the structural deformation and reduce the stress. And the stress distribution of C-C structure is more uniform
than that of the other structure. The collision simulation results show that the C-C structure crash box can greatly reduce the peak
values of speed and acceleration, and the acceleration value is far less than the 40g, which reaches standard in the vehicle collision
specification. At the same time, compared with the traditional crash box structure, the energy absorption of the new designed
sandwich structure crash box is improved by more than 3 times.
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Fig. 1 Cell size and space structure design
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Tab.1 Formation process of intersecting concave honeycomb structure
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Tab.2 Material parameters of the structural steel

W A Jet 5 PIE7: 55 bEL/N
Density/ ( kg/m3 ) Elasticity modulus/GPa Yield strength/MPa Tangent modulus/GPa Poisson’s ratio
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Fig.3  Dynamics simulation model of THS
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Fig. 4 Design process of the crash box
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Fig. 5 Impact model of the crash box
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Tab.3 Contact relation
HR e A ST
Name Contact type Key word
LIRS C-C M R . N T #* CONTACT_AUTOMATIC_SURFACE_TO_SURFACE
Contact between the upper roof and C-C interlayer Face to face contact
. TIRARS C-CIRFIRM . baakialie * CONTACT_AUTOMATIC_SURFACE_TO_SURFACE
Contact between the lower bottom plate and C-C interlayer Face to face contact
G4
C-C 5t 1 Hxfk A 4 * CONTACT_AUTOMATIC_SINGLE_SURFACE
Self-contact of C-C structure Self-contact

| ALK
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Ko e Rt s

Fig. 6 Device of quasi-static compression test
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Tab.4 Statically calculated displacement and stress results
Hi— K45
=i
THS CHS
Type 1 structure
0.125 74 Max 0235 44 Max
011177 B 020928
0097 801 Y0183 12
: e T
v .15/
ik 0,035 886 0.104 64
; 0041 915 007848
Displacement/mm 0027 943 0052 32
0.013 972 0026 16
0 Min O Min,
< 69.16 Max
3545
27,609 53792
23,671 46.108
19.733 o 38424
By | 12% 0%
- 11858 3.
e K
3982 8 X
Stress /MPa 0:045 163 Min 0,004 673 7 Min
ol 7
T-T T-C
Type I structure
] 0.064 436 Max 0.135 86 Max 0.252 42 Max
0057276 012076 022437
::(:jg l)g 010567 0.196 33
. 042 95 1016828
(ks f A 8‘832 iﬁ 014023
. 0028 638 ; 0.112 19
Displacement/mm 0021479 0060381 0.084 14
0014319 0.045 286 0056093
I 0.007 159 6 0.030 191 0.028 047
0Min I 0.015 095 0Min
0 Min
16.667 Max ) 66.382 Max
R F7 14.82 | 34042 Max B 50007
12.973 31.063 51.631
Stress/MPa 11126 = 27184 14255
92792 23304 3688
| ey 19.425 29504
5.585 15516 22.128
3.738 11667 ;43;227
18909 7.788 i )
I 0.043 865 Min I 3908 9 0.001 041 2 Min
0.029 772 Min
3
=]
x5 BAZHELER
Tab.5 Statics simulation results
N = =1
S 25 ERL R S NP RIRE(E
Structure category Structure name Maximum stress value/ MPa Maximum displacement/ mm
2k THS 35.484 0. 125 74
Type I CHS 69. 160 0.235 44
pra— T-T 16. 667 0. 064 44
— T-C 34.942 0. 135 86
Type 11
Cc-C 66. 382 0.252 42
Hr# An
5 mm 10 mm 15 mm 20 mm 25 mm

Displacement Ak

HIRTAET

Finite element
deformation

Test deformation

2.3 EESmMEE
S —RebFy R 25 AR 8 BT, W B E R

) DS 4 €
Yrrxx=

7 A BRTER SRR R L
Fig. 7 Deformation comparison of the test and the finite element model
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Fig. 8 Dynamics performance comparison of the first type of structure
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Fig.9  Dynamics performance comparison of the second type of structure
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