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Note: O’ is the abscission zone-calyx layer; B’ is the position of the indenter
loading on the stem; F”is the load, N; L'is the arm of load, m.

A1 EAPAZTAMEEST HRETER
Fig.1 Simplified force diagram for bending test of abscission
zone-calyx layer
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1.Tracked self-propelled high bed machine 2.Pineapple collection box
3.Conveyor 4.Hydraulic rod 5.Pressing leaf shelf 6.Roller 7.Left flexible
finger 8.Right flexible finger 9.Gear

B2 ZRMIBREET RPAMTEHE
Fig.2 Diagram of multi-flexible fingered roller of pineapple
harvesting mechanism
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a. Left flexible finger
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Note: R is the radius of the roller, mm; N; is the pressure, N; i is the continuous

b. AR 22 et
b. Left flexible finger after deformation

bending unit; L and ¢, are the length and diameter of the left flexible finger,

respectively, mm.
B3 AMEHIELEHE
Fig.3 Structure diagram of left flexible finger
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a. Right flexible finger b. Right flexible finger after deformation
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Note: R is the radius of the roller, mm; Fj is the pressure, N; j is the contact unit;
L, and ¢, are the length and diameter of the right flexible finger, respectively,
mm; L, and @, are the length and diameter of the nylon screw, respectively, mm.

B4 AHMEHIELEHE
Fig.4 Structure diagram of right flexible finger
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Note: Oy, O, and C are the center of the two rollers and the pineapple calyx,
respectively; point B is the intersection of the right flexible finger and the

pineapple. 6, is the angle between the left undeformed flexible finger and the
0,0, line, (°); @ is the angle between 0,0, line and the x-axis, (°); 6, is the

angle between the right flexible finger and the 0,0, line, (°); F4, Fpand My, M,
are the force, N, and moment, N-m, on the two sides to the pineapple,

respectively.
Bs5 REWBEATESZAHH
Fig.5 Force diagram of pineapple under the double flexible fingers
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Note: 4 is the intersection of the deformed left flexible finger and pineapple; 4’
is the intersection of the undeformed left flexible finger and pineapple; D is the
connection between the left flexible finger and roller; d and /; are distance

between point A and DA’ line, characteristic radius, respectively, m; 6, is the
ellipse tangent angle passing through point 4, (°); ¢’ is the angle between force

F and DA'line, (°); F, nP and P are the force of the pineapple on the left flexible
finger and the component of the force F, respectively, N.

B 6 AMEMIEZ AN
Fig.6 Forced analysis of the left flexible finger
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Fig.7 The experimental pineapple harvesting machine
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Fig.8 Diagram of harvesting pineapple fruits test
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Working principle and design of the multi-flexible fingered roller
pineapple harvesting mechanism

Liu Tianhu?, Liu Wei', Zeng Tingjun®, Qi Long®, Zhao Wenfeng?, Cheng Yifeng!, Zhang Di*

(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China; 2. College of Electronic Engineering, South
China Agricultural University, Guangzhou 510642, China)

Abstract: Pineapple has been the third-largest yield of tropical fruit after banana and mango in recent years. Current
mechanical harvesting of pineapple cannot fully meet the large-scale production during this time, particularly in the early stage.
In this study, a multi-flexible fingered roller mechanism was proposed for pineapple harvesting to simulate the fruit
detachment process after the manual breaking. The breaking moments of the pineapple abscission layer were measured in the
solution by the universal electronic testing machine. A mechanized pineapple harvesting was conducted to evaluate the
bending moment for the break of the abscission layer at the calyx of the pineapple under the action of two rows of flexible
fingers. Then, the large deformation of a flexible finger was characterized using the pseudo-rigid body theory, when the
flexible finger interacted with the pineapple. The load was applied on the end of the flexible finger to record the
force-displacement data, and further compare the experimental and simulation data. Furthermore, the harvesting mechanical
model and the evaluation function under the critical damage condition of pineapple were established, according to the
harvesting mechanism model, as well as the physical and mechanical features of the pineapple. The feasible parameters of the
harvesting mechanism were calculated for enabling harvesting. An experimental device was also developed for the trial. The
harvesting experimental device was mounted on the high ground clearance tractor for testing. The performance indicators of
the harvester were analyzed, according to the three evaluation criteria of harvesting rate, damage rate, and operation efficiency.
Experimental results showed that the most pineapple fruits were harvested successfully, where the two rollers of the harvesting
machinery inclining at the angle of the 35°, the length of the left flexible fingers was 120 mm, the clearance between each of
the left flexible fingers was 30 mm, the length of the right flexible fingers was 150 mm, and the clearance between each of the
right flexible fingers was 10 mm. The harvesting and damage rates were 85% and 5%, respectively, where the average harvest
time of a single fruit was about 1s, indicating the harvesting machinery was fully meet the requirement of pineapple harvesting.
In the unsuccessful harvesting, the failure resulted from the mismatched flexible finger length, fruit size, harvesting posture,
and position. Specifically, the relatively small fruit diameter probably led to the insufficient contact between the flexible finger
and the pineapple, further requiring the too small bending moment for the break of the abscission layer at the calyx of the
pineapple. If the harvesting position was too high, the contact position between the two flexible fingers and the pineapple was
almost at the same horizontal height, where the bending moment cannot be formed. The harvest damage was mainly attributed
to the excessive size of some pineapple fruits and an excessive extrusion force formed when fingers interacted with pineapple
fruit. This finding can provide a strong reference for the pineapple harvesting machinery.

Keywords: agricultural machinery; experiment; pineapple harvester; flexible fingers; roller
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