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Figure 1 (Color online) Schematic diagram of PPR and NPR
materials.
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Figure 2 (Color online) Schematic diagram of two-dimensional
lattice unit cell structure.
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Figure 3 (Color online) The process of three-dimensional lattice unit
cell modeling. (a) 1/32 lattice unit-cell; (b) 1/16 lattice unit-cell; (c) 1/8
lattice unit-cell; (d) 1/4 lattice unit-cell; (e) 1/2 lattice unit-cell; (f)
lattice unit-cell.
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Figure 4 (Color online) The points selected for calculating Poisson’s
ratio.
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Figure S Schematic diagram of the variation of lattice Poisson’s ratio
with displacement under quasi-static compression.
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Figure 6 (Color online) Force analysis diagram of the lattice model.
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Figure 7 (Color online) Force analysis diagram of lattice members.
(a) AD rod force analysis diagram; (b) DG rod force analysis diagram.
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Figure 8 (Color online) The comparison diagram of contact force-
displacement curves between finite element simulation and theoretical
model.
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Figure 9 (Color online) Schematic diagram of lattice finite element
simulation. (a) Finite element simulation diagram of quasi-static
compression; (b) finite element simulation diagram of impact
compression.
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Figure 10 (Color online) Contact force displacement curves of lattice
models with different grid sizes under quasi-static compression.
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Figure 11 (Color online) Contact force-displacement curve of the
lattice model under the quasi-static model.
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Table 2 The lattice size of the quasi-static compression test group

RIS 4148 R T (mm) P A T (mm)
NI 0.708 0.506
N2 0.712 0.515
N3 1.045 0.817

A8 A FAERT BOR EE, sy 00N $R Al A BT, SR A
FET bl . WIAhRE RN, HIE(E ) S

114619-7



R, hER: B )% R

2026 4 B 56E 11

800 1.0
- — N1
700 M - - -N24 = N2
, —-—-N3 L5 —-—- N3
600 ! B
! - —_
o ! N - 7
Z 500F i = [} 51
R s £
100 | !
& ’ 1
2 1 o,
300 | 4 2. _—
N ———— A
~. > ~ o
200 [/ i T ~. i
1/ T S i
o M L0 .=
100 fy /7 P A
/ 5
0 1 3.5 )
0.0 0.5 . 1.0 1.5 0.0 L0 5 2.0
f9ig] (ms) fYi8) (ms)
(a) (b)
2500
n — N1
/ - --N2
/
2000 -, "
! T
N Y Mg .
o '
e 1500 ¢ .
~ I
@( I
I
#1000
=a
=
500 p7°

0
0.0

"7 &8 (ms)

L
1.0 1.5

(c)

Bl 12 (% ROR BB B s B R A BROG O LA R (a) e /- 1A 285 (b)) 3o BE - 1] i 285 () sk e - ] pih £

Figure 12 (Color online) Finite element simulation results of the lattice model under impact load. (a) Contact force-time curve; (b) velocity-time

curve; (c) acceleration-time curve.
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Table 3 The lattice size of the shock loading test group
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N1 0.717 0.513
N2 0.970 0.748
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Figure 13 (Color online) The fitting curve of the predicted set and the
test set acceleration.
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Table 4 The geometric parameters of lattice

75 4M%(mm) N 4% (mm)
L 0.733 0.523
RFE2 0.897 0.654
RiBE3 0.949 0.622
Jey i) 1.094 0.875
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Table 5 The acceleration of the test set and the prediction set of
lattices with different geometric parameters
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R 2523.11 2654.47
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Figure 14 (Color online) Error comparison chart of acceleration
between the prediction set and the test set.
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Research on the impact resistance performance of hollow
negative Poisson’s ratio lattice based on transfer learning
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This paper adopts a data transfer approach to analyze and optimize the impact resistance performance of hollow negative
Poisson’s ratio lattices. Through a combined research method of theoretical model derivation and simulation
experiments, the mechanical properties and impact resistance mechanism of this type of lattice structure are thoroughly
investigated. Modeling and simulation analysis are performed using Hypermesh and Ls-Dyna software to simulate the
mechanical response process of the lattice model under quasi-static compression and impact loads. A prediction model
for the maximum impact acceleration of the lattice is established based on principal component analysis (PCA) and
stepwise regression methods, and the model is trained and validated using datasets extracted from the simulations. This
study provides an innovative approach for the design of impact protection structures, namely obtaining the target data
required for impact protection design through the transfer of existing data. It holds significant potential application value
in key fields such as medical engineering, aerospace, and mechanical manufacturing.
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