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Design and Experiment of Breakaway Separation Type Pineapple
Harvesting End-effector

YU Yaxin WANG Qiang PAN Yilong ZHOU Junwei
(School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Based on the geometric features of the pineapple’s outer shape, the easy breakage at the calyx
joint and the brittleness of the stem biological characteristics, a breakaway separation type end-effector
that mimics the manual breaking method of harvesting was designed. The key components of this
harvesting device included a linear guide sleeve and a curved guide sleeve. Mechanical property tests
based on the principle of pineapple fruit-stem fracture showed that the maximum breaking torque,
maximum breaking angle, and critical damage force were 3. 64 N-m, 67. 4°and 178. 72 N, respectively.
A kinematic model of the pineapple clamping mechanism was established, with the goal of achieving a
force transmission ratio at least 1. 25 and a compact size. Optimizing with Matlab, the length of the linear
guide rail in the linear guide sleeve was determined to be 60 mm and the dimensions of each link were
obtained. Based on static force analysis, it was found that the driving force magnitude was related to the
helix angle of the curved guide rail in the curved guide sleeve. A smaller helix angle resulted in increased
overall size and weight, while a larger helix angle caused the thickness of the curved guide sleeve to be
less than the diameter of the guide column, making it impossible to break the pineapple. Therefore, the
middle value of 45° was chosen as the helix angle, and the driving force was obtained as 90 N. A
simulation model was established to analyze the mechanical properties of the pineapple plant during the
harvesting process, comparing the peak contact force between the gripper and the fruit with the critical
damage force. A prototype was trial-produced and harvesting tests were conducted. The test results
showed that the grasping success rate was 100% and the harvesting success rate was 86.7% , which
verified the reliability of the end-effector. The research results can provide a reference for the mechanized
harvesting of pineapples.

Key words: pineapple harvesting; breakaway; linear guide; curved guide; end-effector
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Fig. 1 Pineapple external characteristics
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