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Clamping Experiment on Humanoid Fingers of Litchi Harvesting Robot

Ye Min  Zou Xiangjun Yang Zhou Liu Nian Chen Weiwen Luo Lufeng
(Key Laboratory of Key Technology on Agricultural Machine and Equipment, Minisiry of Education ,
South China Agricultural University, Guangzhou 510642, China)

Abstract; Fruit branch clamping used in robot harvesting has advantages of universal use and little
damage on fruit, but the clamping stability and reasonable clamping force are the bottlenecks of finger
design. Firstly, the novel humanoid fingers were elaborated and the clamping force closure was analyzed.
Clip-model in the condition of disturbance was developed, and a new clamping force calculation method
was deduced. Secondly, the branch clamping test was operated on press machine. The relationships
among clamping force, branch diameter, and maximum snatch force were built, and the quantitative
description was also established. Finally, tests were performed to verify the clamp reliability by harvesting
robot in the field. Results showed that the novel humanoid fingers can realize stable clamping on different
sizes of branches and have little damage on them. The clamping force model was valid. The stable
clamping can be achieved with disturbance. The success rate was 100% when clamping force was 15N.
This will provide some theory evidences for harvesting method and universal fruit picking manipulator.
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Fig.1 Mechanical structure of humanoid fingers
(a) IFIURTER (b) EMU/REA
LAy 20804 3. RImidT i

AT M 5 PR A SRy L B W B e K 1) B 1A
P2 YRR R BRI, Je s VRS 16 e
AR 14 AR N T I fR RS A Y il R AR
SEEESEE s YA EIERE Y L S K S R R (B 2
Jedf o MRAE AR YRR J3 2 4] 2% A T2 75 g g
P

Ty B AR FER AR 2 HAY Ty e 43 1a] A It

SRS S WA ) PSR, ABOR g P Y, B
0 eint conv(S) =S ZIJH AN, HH conv(-) F
int( ) AR ERES BT,

WE 2 R, Py R P,k 2e e 48 5 BER R i
RPN IR SRR Bl o ny ony By Sy )
Rl Py Py RN P, KRR R A ny, R ong, |
ny il ng, oy, Fong, 53 Rl Py Py TP, Ah JEE
PEHERD N AR AR, S R fil s Py Py F1 P, A PEYE
HE () 4B A Sk (B R2 843 ) , PO P50 FI PO

KM 0 NEEHHERHESM .

K2 AR IR g RN B
Fig.2 Top view of fruit bearing branch grasped

by humanoid fingers
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Fig.7 Clamping simulation experiment
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Tab.1 Design of orthogonal experiment
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Tab.2 Test scheme and values of clamping

property parameters

o Fet g JUfRYg R
J1/N /(mm-min~")  HE/mm /N fie/ml
1 10 10 INT 4 5.59  0.002
2 10 15 4~5 5.41 0. 001
3 10 20 KF5 5.63 0. 001
4 15 10 4~5 9.67 0. 003
5 15 15 KF5 7.19 0. 001
6 15 20 INT 4 11.26  0.003
7 20 10 KF5 8. 64 0. 007
8 20 15 INTF 4 13.39  0.011
9 20 20 4~5 13.77  0.008
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Fig. 8 Force-deformation curves of branches with different

diameters under same loading force
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Tab.3 Regression equations of clamping
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Tab.4 Test results of humanoid fingers grasping
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Tab.5 End surface of bearing branch
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