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Morphology and adhesive characteristics of Cybister(male) fore-foot’s adhesive pads

YANG Zhixian, DAI Zhendong™ , WANG Weiying

(Institute of Bio-inspired Structure and Surface Engineering, Nanjing University of Aeronautics and

Astronautics, Nanjing 210016, China)

Abstract; The morphology, adhesive mechanism and adhesive characteristics on two different surfaces of Cybister
(male) fore-foot’s adhesive pads were studied. The SEM photos show that the adhesive pad’s structure consists of
three adhesive devices and many setae at the marginal side. Each adhesive device contains about 15 micro-adhesive
discs like an insole, which form an array in parallel. Two adhesive mechanisms are vacuum adhesive force by the
adhesive discs and the Van der Waals force by the setae. The normal and tangential adhesive forces of the adhesive
pads were tested respectively on the elytra surface and the glass surface. The maximal normal force is 53. 3 mN and
the maximal tangential force is 213. 5 mN. The results indicate that the tangential adhesive forces are 6 ~8 times
larger than the normal ones on two different surfaces(dry or wet), and the tangential adhesive forces on the wet
surface are larger than those on the dry surface, while the results of the normal forces are contrary. The conclusions
approve that the normal adhesive forces basically are equivalent to the Van der Waals forces and the tangential
adhesive forces come into being because of the two adhesive mechanisms’ work. These works offer the theoretic
references for designing the bionic robot’s pads.
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Fig.1 The cybister(male) and its adhesive pad
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Fig. 2 Test system for measuring the adhesive force
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Fig. 3 Morphological structure of the adhesive pad
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Fig. 4 Normal force of the adhesive pad attached to two different surfaces
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Table 1 Comparison of the normal force

Dry Wet

Elytra Glass Elytra Glass
Max/mN 53. 30 33. 80 25.70 24.70
Min/mN 22.60 21. 30 12.50 14. 30
Mean/mN 35. 46 27.28 18. 38 18. 16
Deviation 7.68 3.95 3.72 3. 40
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Table 2 Comparison of the tangential force

Fig. 5

Dry Wet
Elytra Glass Elytra Glass
Max/mN 126. 20 114. 30 213.50 156. 10
Min/mN 74.70 75.70 108. 60 88. 30
Mean/mN 93.52 91.05 144.08 120. 24
Deviation 16. 48 11. 46 33.53 19.58
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