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Design and Experimental Optimization of End Effector for
Picking Famous Tea with Split-cutter

CHEN Jianneng'®> LI Hang' LIU Linmin’® JIA Jiangming'® ZHAO Runmao'® WU Chuanyu'"
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Key Laboratory of Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China
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Abstract; In response to the problem of side buds being unable to be picked during the mechanized
picking process of famous tea, an end effector was designed based on the relevant parameters of top buds,
side buds, and tea stems, combined with the tea garden environment, which used the bending
deformation of the cutter teeth of the split cutter to adapt to the interference of tea stems to pick side
buds. The influencing factors of picking success rate were obtained by finite element simulation of cutting
lateral buds: cutter tooth width, cutter tooth length and cutter thickness; the central composite design
with three factors and three levels and response surface analysis were used to study the interaction of
various factors on the success rate of picking; taking the picking success rate as the response value, a
quadratic regression model was established to determine the significant primary and secondary order of the
influence of each factor on the picking success rate as follows: cutter tooth length, cutter tooth width, and
cutter thickness. Taking the picking success rate as the goal, the experimental factors were optimized,
and the optimized parameters were obtained: the cutter tooth width, cutter thickness, and cutter tooth
length were 2. 6 mm, 0. 90 mm, and 20. 0 mm, respectively. The optimized parameters were tested in tea
garden picking, the results showed that the end effector could effectively pick tea leaves, and the success
rate of picking top buds and side buds was 93% and 63% , the relative error between the experimental
value and the predicted value was less than 5% , the optimized model was reliable.

Key words: famous tea; tea picking robot; end effector; split cutter; lateral bud
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Fig.1 Geometric dimensions of tea leaves and tea tree stem
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Tab.1 Statistics of geometric dimensions
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Fig.2 Measurement of shear force and elastic modulus
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Tab.2 Statistics of physical parameters
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Fig.4  Structure diagram of tea picking end effector
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Tab.5 Variance analysis of success rate of
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Tab.6 Variance analysis of success rate of lateral

bud picking
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c 3.11 1 311 0.6273  0.4643
AB 34.05 1 34.05  6.86 0.047 1%
AC 0.6972 1 0.6972 0.1405  0.723 1
BC 100. 00 1 100.00  20. 15 0.006 5 **
A2 72.98 1 72.98  14.71 0.0122*
B? 8.62 1 8. 62 1.74 0.244 5
c? 1.77 1 1.77 0.3577  0.5758
B2 24. 81 5 4.96

e 41 35 17.37 3 5.79 1.56 0.4140
iR 2% 7. 44 2 3.72

P 1545.74 14

T FREN R (0.01 <P <0.05),
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Fig. 11  Effect of factor interaction on success rate

of lateral bud picking
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Fig. 13 Real object diagram of end effector
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