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Abstract : This study aims to optimize the design of lattice structures for kick scooter airless tires in order to address thermal
deformation and improve structural stability. Thermal-structural analysis was used to analyze nine models using
thermoplastic polyurethane(TPU) with varying support configurations. Among the models, the honeycomb structure with
four hoop pipe supporters demonstrated superior performance. Performance factors for optimizing the kick scooter airless tire
lattice structure were derived using an inscribed central composite design. In addition, the surrogate model was generated
using the response surface method. Multi-objective optimization was performed using the non-dominated sorting genetic
algorithm II to minimize weight and maximize stiffness while satisfying constraints on stress, contact pressure uniformity,
and natural frequency. As a result, Opt.2 of the Pareto chart satisfied the constraint functions, with the objective function of
weight increasing by 34 % due to the hoop pipe supporters. Nevertheless, the objective function of stiffness increased by
99 %, and it was selected for its effective weight-stiffness balance.

Key words : Airless tire(H]-5-7] E}0]0]), Lattice structures(Z A1), Thermal deformation(€ ¥%), Thermal-structural
analysis(2-7-% 3}4]), Multi-objective optimization(THs &2 435}
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Fig. 1 Finite element(FE) model of airless tire with hoop
pipe supporters



E-7 AHYYE 1T HISI|Y EO[0f HALE HA 2|2E

Lattice Without With 2 With 4
structure supporters supporters supporters
Auxetic
Honeycomb
Michelin

Fig. 2 The case study of airless tire modeling according to
lattice structure and supporters

Fig. 3 3D CAD model of airless tire
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Case 1 58,206 371,885
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Case 8 116,201 391,568
Case 9 136,079 474,509
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Table 2 Thermal properties of TPU

Thermal properties(TPU)
1.22e-06 kg/mm
0.0002393 W/mm - °C
0.0001138 1/°C
1.585e+06 mJ/kg - °C

Density

Thermal conductivity

Thermal expansion coefficient

Specific heat
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Fig. 4 Measurment of the surface temperature of a kicks-
cooter tire
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Fig. 5 Boundary conditions for thermal-structural analysis
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Thermal Distribution of Radial Direction
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(a) The trend of thermal distribution along with radial direction
according to lattice structures

Fig. 7 Results of thermal-structural analysis for airless tire models
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Table 4 Results of static structural analysis
1,000 N 1,500 N 2,000 N
Sp(mm) | dy(mm) | oy (MPa)| 6y(mm) | dy(mm) | oy (MPa)| Oy(mm) | dy(mm) | oym (MPa)
Case 1 11.023 0.9426 11.676 14.371 1.4140 17.099 17.532 1.8853 21.804
Case 2 7.9080 0.8882 14.789 10.706 1.3323 19.846 13.256 1.7764 23.991
Case 3 6.5141 0.7640 11.905 8.8683 1.1461 15.590 11.039 1.5281 18.688
Case 4 8.9245 0.6386 9.0293 12.066 0.9579 12.023 14.974 1.2772 15.582
Case 5 7.2603 0.6130 11.153 9.8365 0.9195 15.876 12.256 1.2261 19.000
Case 6 6.2704 0.5977 9.7719 8.5680 0.8966 12.868 10.662 1.1956 16.236
Case 7 8.7251 0.7849 12.230 11.809 1.1774 15.587 14.632 1.5699 18.494
Case 8 6.1475 0.7554 19.700 8.4743 1.1331 26.369 10.601 1.5108 31.866
Case 9 4.9519 0.5025 14.664 6.9078 0.7537 19.987 8.7106 1.0050 24.468
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Table 5 Results of natural frequency according to modes
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Table 8 The performance factors of airless tire according to
ICCD

X1 X2 X3 X4 @ OvMm w
. CP /
(mm) [ (mm)| (°) |(mm) (Hz) |(MPa)| (g) ™
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o
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