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Abstract: This work is supposed to determine how intestine morphology influence the intestine friction. Rabbit duodenum
was acted as the research object. We characterized inner structure of small intestine, tested the mucus lubricity and
measured the change relationships between radial strain, load, sliding velocity and friction coefficient in condition of
removing the normal pressure. The results show that inner surface of small intestine mainly included plicas, villi and
microvilli. The mucus can reduce the friction coefficient to 10 > magnitude. Hoop strain 10% was the critical point of
friction coefficient shifting. That is to say, when hoop strain was less than 10% , load and sliding velocity had no influence
on the friction coefficient, but while hoop strain was more than 10% , the friction coefficient increased as load and sliding
velocity increased. At last, we analyzed the relationships between the friction coefficient and radial strain, inner
morphology, mucus, load and sliding velocity, thus friction mechanism was concluded. When the hoop strain was less than

10% , plicas were bended to form wrinkles which were capable to store mucus, the lubrication regime was liquid
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lubrication. When the hoop strain was more than 10% ,

the plicas were stretched and the wrinkles disappeared, the

lubrication regime then was mixed lubrication. The study of its friction characteristics provides experimental data for the

appearance design of capsule endoscopy and intestinal robot; besides, it is significant to promote minimally invasive and

noninvasive surgery.
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Fig.1 Half - cylindrical plastic clamps
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Fig.2  SEM micrographs of duodenum inner structures
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Table 1 The average friction coefficient

Sliding speed Dry Lubricate Lubricate

/rev + min ! friction with water with mucus
5 1.651 0.4229 0.057 28
20 1.883 0.271 2 0.042 46
30 1.988 0.194 4 0.039 70
50 2.088 0.104 7 0.037 73
100 3.365 0.0584 82 0.037 37
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Fig.3  Small intestine of inner diameter
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Fig.4 Friction coefficient vs load at a fixed speed
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Fig.5 Friction coefficient vs velocity at a fixed load
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(a) In vitro

(b) Zero —load state

(c) Contraction state

Fig.6  The plica of small intestine
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Villus Plica

(a) Contraction state

(b) Zero-load state

(c) Expansion state

Fig.7 The model of morphology transformation
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