W T R
2024 (55 46 )55 12 1 Automotive Engineering 2024 (Vol.46 )No.12

doi:10.19562/j.chinasae.qcgc.2024.12.008

BT AL 2 AR S A R S
MR8 A5

F OB, H R BIUE, ARG
(kEXKFAREFR, BE  710016)

(HZ] SRS 1 A ARE T R B0~ R SR, T2 M T 45 2R B P 5 o AL 58 s B R R
2 g JE S HE A B R0 22 SR, 52 G S A R BOUL AR AR S5 W) 15 R, AR SCHE s PR AR BT LT BEHIL B & 545
3R IR A 3D ATEDEOAR G 8 1 2 MR G B RPRRA O, o — 20, 25 T 20 il i) A7 FROCAR R 8 1 T fa 1
WHoE . WHFEEE SRR 5 5 SR AR LL , 4 i B BEAR RTINS | 22 i P R AR LI BB i T8, JE AR 30°
P T HETE T 143% 5 22 SACS FERT AR ORLROST | Aol P A £ 52 L Ao BEATLJSE 1) 2 S m SR, 24 ol /N
BB W RE A A 2 SIS, L ER T 20 SO0 RSN, ARt /DN B T 2 T W R A v A 3 515 45° A% A 5 30°/
60° BEAIL A% A1 BEHES T 19 2 it (A s M AT 46T AR IR BB A R 5 BEATLBE 5 10 22 i MR s P L BB A A e
IPAR o AR SCHR HR AT B 22 A AR 5 g 2 R R ORE AT LA S8 2 o A% G0 s W R B TR A, T D e o i R B o o
AR BT S AP At
KER: RN NZ2BMEL BB, ERER BRI

Study on Design and Crashworthiness of Polycrystal Lattice Metamaterials
Based on Grain Boundary Strengthening
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School of Automobile, Chang’ an University, Xi’an 710016

[Abstract] Lattice mechanical metamaterials are widely applied in various protective structures due to their
excellent mechanical properties and crashworthiness. Traditional lattice structures are often composed of periodical-
ly arranged regular porous materials. Inspired by the microcrystalline structures of metals, in this paper random
grain boundary structures are incorporated into the design of lattice materials, then polycrystal lattice material speci-
mens using 3D printing technology are prepared. Furthermore, crashworthiness studies are conducted based on the
finite element models validated by experiments. The results show that compared to single crystal lattice materials,
polyerystal lattice materials significantly improve specific energy absorption (SEA) at the same lattice angle, espe-
cially with 143% increase at the lattice angle of 30°. The crashworthiness of polycrystal lattice materials is influ-
enced by grain size, intragranular lattice angle, and grain randomness. When grain size decreases, the energy ab-
sorption process becomes smoother, but excessively small grains may exacerbate fluctuations in the energy absorp-
tion process due to boundary effect. Polycrystal lattice materials with a 45° lattice angle and random lattice angles of
30°/60° exhibit stable energy absorption processes, and those with higher randomness in grain orientations show an
even smoother energy absorption process. The novel polycrystal lattice mechanical metamaterials proposed in this pa-

per can effectively enhance the crashworthiness of traditional lattice materials and provide guidance for the design
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and optimization of new lightweight lattice metamaterials.

Keywords: lattice structure; metamaterial; grain boundary strengthening; deformation mode;

energy absorption
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