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ARTICLE INFO ABSTRACT

Article history:

Disaster exploration robots operate in environments where it is difficult for
humans to access, search, detect, and collect data. Conventional tires face risks of
damage and instability owing to road breaks, debris, and sudden terrain changes

at disaster sites. In this study, an airless tire is designed and fabricated using a
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spoke structure suitable for rough terrains and disaster conditions. The design
applies an auxetic re-entrant spoke structure that enhances shock absorption and
recovery. Finite element analysis predicted the stress distribution and deformation
under static and dynamic loads, leading to an optimized structure. The 3D tire was
tested on a custom disaster robot platform. The results showed reduced structural
damage and sufficient elastic recovery, confirming stable operation in disaster
environments. This design has the potential for application in small exploration
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Fig. 1 (a) Disaster exploration robot; (b), (c) examples of airless
tire (Hankook Tire i-Flex, MICHELIN TWEEL)

Fig. 2 Re-entrant structure
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Table 1 Design types of re-entrant spoke structure

Type | Spoke shape Cell structure feature
A Straight Re-entrant cell structure
B Curved Re-entrant cell structure
C Straight Horizontally aligned re-entrant cell
. Horizontally aligned re-entrant
D | Straight cell with inner fill
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Fig. 3 (a) Various spoke structures; (b) detailed spoke structure
for each type
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Fig. 4 Simulation 1 boundary condition: (a) load condition; (b)
fixed constraint; (c) contact pair

>

load condition; (b)

Fig. 5 Simulation 2 boundary condition: (a)
fixed constraint; (¢) contact pair
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Fig. 6 (a) Time-Stress; (b) Time-Displacement responses of the
airless tire structure under ramp load
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Fig. 7 (a) Time-Stress; (b) Time-Displacement responses of the
airless tire structure under impact load
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0
Fig. 8 Maximum displacement distribution of each airless tire
type (A-D) under 100 N load

Table 2 Obstacle driving test results

Type Recovery time (s) Relative recovery rate (%)*
A 0.16 100
B 0.12 133

* Relative recovery rate: Ratio of deformation recovery speed
compared to A type.
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C Type D Type

Fig. 9 3D-printed airless tires

B Type

Fig. 10 Driving test of 3D printed airless tire (A type, B type)
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