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Abstract: In order to solve the problems of low adaptability of the tool to the banana crown and the low
success rate of the banana in the process of intelligent de-handing, a type of end effector was designed
according to the morphological parameters of the banana bunch and the crown and the production
requirements of the de-handing. The cutting arc of the adjustable opening-closing de-handing tool was
used to adapt to different sizes of the banana crown to achieve continuous banana de-handing. The key
parameters and main structure of the de-handing end effector were designed. The mechanical analysis
model of the process of cutling banana crown by the de-handing tool was established, and the strength
simulation was carried out. The results showed that the maximum stress of the de-handing tool during the
de-handing process was 58. 147 MPa, which was less than the yield strength of the tool material 205 MPa.
The test platform of robot de-handing was built, and the significant factors affecting the de-handing effect
were sorted as the cutting angle of de-handing, the blade angle and the de-handing speed. In order to
obtain the optimal parameter combination, taking the peak cutting force and incision quality as the
evaluation indices, the combination test of three-factors and three-levels were carried out by using Design-
Expert software, and the mathematical regression model between the experimental factors and the
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evaluation indexes was obtained. The multi-objective optimization of the regression model was carried

out, and the optimal parameter combination was obtained as follows: the de-handing speed was 2 m/s,

the cutting angle of de-handing was 5.77°, and the blade angle was 5°. The results of the optimal

parameter combination verification test showed that the peak cutting force was 31.49 N, the incision

quality was 84 points, the relative error with the prediction results of the regression model was less than

5% , and the success rate of the de-handing was 92% , indicating that the opening-closing end effector of

banana de-handing can effectively adapt to the banana crown’s morphology and obtain better incision

quality.

Key words: banana; de-handing robot; end effector; opening-closing cutter
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Fig.1 Main physical parameters of banana bunch
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Tab.1 Basic parameters of banana bunch
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Fig.2 Tool tensioning angles
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Fig.3 Overall structure of end effector of de-handing
and structure of opening-closing tool
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Tab.2 Main structural parameters of end-effector
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Fig.4 Tool cutting force analysis diagram
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Fig.5 Strength analysis results
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Fig.7 Robot intelligent de-handing process
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Fig.9 Results of single factor test
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Tab.4 Coding of test factors

5ES
i TEHLEEE x,/ AL J1714
(m-s™1) %,/ (°) a3/ (%)
-1 1.2 3 5
0 1.6 6 10
1 2.0 9 15

i3 Design-Expert 13 {45 i 56 550 5 2E 17 [\
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Tab.5 Test scheme and results

(S WEMEYIE] Y1 s
T

X, X, X3 Ji/N i
1 0 0 0 52.47 82
2 0 1 1 45.87 79
3 0 0 0 51.09 81
4 0 -1 1 61.70 86
5 0 0 0 57. 69 79
6 0 1 -1 27. 64 76
7 -1 1 0 44.57 74
8 1 1 0 42.30 74
9 0 0 56. 15 80
10 -1 -1 48.70 80
11 -1 0 1 42.45 88
12 1 0 -1 35.96 82
13 -1 0 -1 57.80 86
14 -1 -1 0 68. 56 82
15 1 -1 0 57. 06 82
16 0 0 0 55.39 77
17 1 0 1 52.33 92

X, ARG H , XE5 R T =)k 2 5 ] 5 5
RSG5 TR ) 580 1 5 R R
Y, =54.56 —3.22X, 9. 46X, +4. 03X, +

2.31X,X, +7. 93X, X, + 1. 31X, X, -

0. 139X7 -1.30X; -7.28X;
Y, =79. 80 -3.37X, +2. 63X, +2. 00X, X, -
0.75X,X, =2.47X; -4.28X; +4.73X;  (8)

4.2.2 JiZzorHr

(7)
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I ARG 6 TR, R 6 WL IR T 0. 05, FRUIIE(E DI E I AIY) T A (] 5 AR A AR
VIO B AR P /T 0,01, HAGUI P gk W3 A BUFILE T, T T i iR S AT A 7 A
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Tab.6 Analysis of variance of regression equation

. WEEYIFE ) Y, YIn i v,
s EHM HEE HUE F P A H Yo F P
LY 1444. 53 9 160. 50 7.78 0.006 5 ** 353.42 9 39.27 14.43 0.001 **
X, 82.75 1 82.75 4.01 0.0852 5.68 x 10~ 1 5.68 x107* 2,09 x10~*  1.000
X, 715.18 1 715.18 34. 68 0. 000 6 ** 91. 12 1 91.12 33.48 0.0007 **
X3 130. 01 1 130. 01 6.30 0.0403 " 55.13 1 55.13 20.26 0.002 8 **
XX, 21.30 1 21.30 1.03 0.3433 5.68 x10 !4 1 5.68 x10°* 2,09 x10~'*  1.000
X, X, 251.54 1 251.54 12.20 0.0101* 16. 00 1 16. 00 5.88 0.0458 "
X, X, 6.84 1 6.84 0.3316 0.5827 2.25 1 2.25 0.8268 0.393 4
X2 0.081 4 1 0.081 4 0.0039 0.9517 25.79 1 25.79 9.48 0.0179"
X3 7.08 1 7.08 0.3432 0.576 4 76.95 1 76. 95 28.28 0.001 1™
X2 223. 40 1 223. 40 10. 83 0.0133" 94. 00 1 94. 00 34.54 0.000 6 **
B 2% 144. 35 7 20. 62 19. 05 7 2.72
e 114.92 3 38.31 5.21 0.0724 4.25 3 1.42 0.3829 0.7718
gl 2 29.42 4 7.36 14. 80 4 3.70
it 1588. 88 16 372.47 16
T FRIRPWM R E (P <0.01) , = FREME3 (0.0l <P <0.05),
ZHA, 6 Al & R X IR A RE 2 PR S RS e
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Fig. 10  Response surface of interaction of each test factor on evaluation indices
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