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Finite element prediction and experimental verification
for damage on citrus fruit from robot clamping

CHEN Yan, TAN Jianhao, JIANG Zhilin, LI Jiawei, ZOU Xiangjun, WANG Jiasheng
(College of Engineering, South China Agricultural University/Key Laboratory of Key Technology on
Agricultural Machine and Equipment, Ministry of Education, Guangzhou 510642, China)

Abstract ; [ Objective] To study internal stress variations of citrus fruits clamped by working robot under
different clamping conditions, and to predict and analyze clamping damages on citrus fruits. [ Method ]
The mechanical parameters of citrus peel and pulp were measured. Finite element model of each tissue
structure of citrus fruit was established. The processes of clamping citrus fruits by robot with different
finger planes were simulated. The verification experiments of citrus fruit clamping were performed using a
custom terminal clamping platform. [ Result] The elastic modulus of citrus peel and pulp under vertical
stress were 11. 408 and 0. 277 MPa respectively, and the limiting stress of citrus peel and pulp were
1.250 and 0. 048 MPa respectively. The equivalent stress distribution diagrams of citrus peel and pulp
were obtained in the simulation tests. The stress of peel was lower than that of pulp. Because the limiting
stress of pulp was lower than that of peel,the pulp started to damage before the peel did. The stress on
both peel and pulp caused by arc fingers was lower than that caused by plane fingers under the same
clamping force. The peel started to damage at 23 N clamping force for the plane fingers, while the dam-
age initiated at 45 N clamping force for the arc fingers. At the clamping force of 12, 23, 34, 45, 56 and
67 N,the pulp damage rates for the plane fingers were 0, 10% , 30% , 40% ,20% and 20% respectively

higher than those for the arc fingers. The results of verification experiments using the clamping platform
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were consistent with the simulation outcomes. [ Conclusion] The clamping damage on citrus fruit can be

predicted and evaluated. This study provides a basis for designing damage reducing structures in citrus

picking robot.

Key words: citrus; robot clamping; mechanical parameter; damage prediction; finite element; surface
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