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Fig. 1 Concave hexagonal structure with negative Poisson ratio
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Fig.2 Displacement contour plots of the concave hexagonal

structure with negative Poisson ratio
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Fig.3 Poisson ratio curve of the hexagonal concave
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Fig. 4 Specimen of concave hexagonal structure with negative

Poisson ratio
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Fig.5 Comparison of quasi-static compression test results and simulation results
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Fig. 6 Pressure-displacement curves of the quasi-static compression
test and simulation
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Fig. 7 Equivalent stress-equivalent strain curves of the quasi-static
compression test and simulation
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Fig. 8 Deformation contour plot
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Fig. 10 Energy variation curves of the concave hexagonal structure
with negative Poisson ratio
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Tab.3 Design variables and their variation ranges

Bt A R AR EIRGHIEN AR AL
P, HL It AL B /mm 0.6 0.55~0.65
P, O H I B AR 4 /mm 2 1.8~2.2
P, HOAFA LT 54 /mm 16 15~17
*4 RUBHR
Tab.4 Optimization objectives
AL Br HFK ESESaTE = {1
P, T RA A /mm 8.08
P, TR J1/MPa 928.84

K R 1511 (Design of Experiment, DOE) J572:,
IR T A e AR s I R, ot B AR o B
K E/NEE R W0 & 5 53T (Central Composite
Design, CCD) J7 ¥R FE, AR 15 MR ER R TF AL 154
Wt SR A NSRS R .

x5 1SN REEIE
Tab.5 Data of the 15 design points

witi  P/mm P,/mm P,/mm P,/mm PJ/MPa
1 0.633 2.107 15.333 7.702 1 080.853
2 0.587 2.133 15.2 7.883 572.22
3 0.56 2.053 16.4 8.202 1 089.361
4 0.627 1.84 16.533 8.08 962.077
5 0.553 1.867 15.867 8.569 730.42
6 0.647 1.92 15.733 7.771 1178.447
7 0.613 1.947 15.067 7.475 1454.726
8 0.64 2.027 16.667 7.835 1039.554
9 0.607 1.973 16.133 8.392 529.419
10 0.593 2.13 16.85 8.555 671.974
11 0.573 2.187 16 7.888 814.238
12 0.567 2 15.467 8.191 573.376
13 0.6 1.813 15.6 8.036 1111.15
14 0.615 2.18 15.98 7.933 814.841
15 0.58 1.893 16.8 8.812 4084.107

3.3 E-TEEiERIER R AL

72 AL M, th FROH AR 2, Bk
Wz AR PN A A0 F R R B e U o il it
LER LA AT, P A T F AR AR A 3 A 32 A B
PLBEHIT 8, it i 7 SR AR IR 6 i

B Ao e 1 07 R EAT R L, R L 55 34
DU BT BT A, 25 08 2 S B T A Y B AR
B, 0 B A7 OB Ab PR B L BE R0 0. 61 mm
TR Fe e SRR 2. 2 mm IR L I OT 58 B Ry

15 mm,
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Tab. 6 Results of candidate point schemes

15326 P /mm P,/mm P,/mm P,/mm P/MPa
fEpkfs1 06098  2.1993 15.004 7.546 8 531.51
kA2 0.609 1 2.196 15.004 7.549°5 532.42
fEpkss3  0.6098  2.1982 15.011 7.549 6 534.32
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Fig. 19 3D response surfaces

3.4 MU EARIEBEBENHES
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Impact response analysis and optimization of automotive battery packs filled
with negative Poisson ratio structures

CHEN Yiwen LI Yu YANG Kun WANG Yibo
(College of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: [Objective] The safety performance of the battery pack is a critical factor for the overall safety of electric
vehicles. Owing to the unique structures and power systems of electric vehicles, they face more challenges in crash safety. To
maximize the safety performance of electric vehicle battery packs, the negative Poisson ratio materials were filled into the
battery packs. By leveraging the superior properties of negative Poisson ratio materials, such as light weight, excellent
vibration isolation and high impact resistance, the impact resistance and safety performance of the battery packs are enhanced.
[Methods] First, the negative Poisson ratio material with a concave hexagonal cell structure was taken as the research object.
Quasi-static compression test and simulation were carried out to verify that the concave hexagonal structure with negative
Poisson ratio structure exhibits an obvious negative Poisson ratio effect. Second, the negative Poisson ratio material was filled
into the battery pack, and the impact response analysis was conducted on the negative Poisson ratio-structure-filled battery
pack. Finally, the response surface optimization method was adopted, with the minimization of the maximum equivalent stress
and the maximum deformation of the battery pack filled with negative Poisson ratio material as the optimization objectives, to
optimize the overall structure of the battery pack filled with negative Poisson ratio material. [Results] The results show that the
maximum equivalent stress of the battery pack filled with negative Poisson ratio material is reduced by 26.93% compared with
that of the original battery pack, the maximum deformation is decreased by 36.92%, and the maximum acceleration is
decreased by 46.43%. The battery pack filled with negative Poisson ratio material demonstrates significantly superior safety
performance. In addition, the safety performance of the optimized battery pack filled with negative Poisson ratio material is
further improved in comparison with that before optimization.

Key words: Electric car battery pack; Negative Poisson ratio; Quasi-static compression; Response surface optimization;
Test design; Safety performance
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