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Design and Test of Pneumatic Flipping Comb-type Chrysanthemum
Picking Device

WANG Rongyan YU Huishuang CHEN Andi LI Aichao GAO Lei ZHENG Zhian
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In view of the low efficiency of manual picking of chrysanthemum and the lack of
mechanization, a pneumatic flipping comb-type chrysanthemum picking device was designed based on the
idea of reciprocating motion of picking parts. The picking device was mainly composed of picking part,
tooth cleaning part, pneumatic throwing device, screw lifting mechanism, walking device and collecting
device, etc. The flowers were picked by the combing action of the comb teeth, and the collecting work
was completed by the tooth cleaning part and pneumatic throwing device, and the working height of the
picking part can be adjusted by the screw lifting mechanism. Based on the analysis of the growth
characteristics and picking requirements of chrysanthemums, a pneumatic flipping comb-type
chrysanthemum picking device was designed. The working principle of the picking device was analyzed,
the force analysis and theoretical calculation were passed and the structure and working parameters of
each component were determined. A prototype picking machine was built, and a ternary quadratic
regression combination test was conducted with crank speed, comb spacing and machine driving speed as
the test factors, and the picking rate, breakage rate and impurity rate as the test indexes, a mathematical
model between the factors and indexes was established, and the optimal combination of parameters was
determined. The best picking effect was achieved when the crank speed was 47.94 r/min, the comb
spacing was 8§ mm and the machine driving speed was 0. 17 m/s. At this time, the picking rate was
92% , the breakage rate was 1. 83% , and the impurity rate was 10% . This pneumatic flipping comb-type
chrysanthemum picking device had stable operation and good passability, which met the agronomic
requirements of chrysanthemum picking.
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Fig.2 Measurement of mechanical parameters of
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Tab.1 Measurement parameters of chrysanthemum
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fie KA /N F7 A 5L A 1/ MPa fx R /N ] 75 i 1 45 4/ MPa
Vikin 11.37 £1.32
Vil 1.25 +0.10 5.14 £1.02 19.74 +5.29 9.88 +2.17 27.09 £4.19
TR A 2.07 £0.08 45.30 £7.21 448.13 £45.05 80.98 +15.79 597.04 +72.37
— R 5 3.34 £0.34 221.74 +28. 66 795.29 +81.07 152.73 +29.95 701.41 +£92.76
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Tab.2 Machine parameters
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Fig.4 Diagram of force acting on chrysanthemum
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Fig.5 Schematic of offset crank slider mechanism
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Fig.6 Pneumatic throwing device structure principle diagram
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Tab.3 Main parameters of pneumatic components
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I JES/MPa  0.15 ~0.80
4 1 DC24
PU <% AME x A2/ (mm xmm) 6 x4
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S8k PC6 — M5 JEJ3/Mpa 0~
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Fig.7 Field test of picking device
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Tab.4 Factors and codes of field tests

i3S
o 1 I A 5 3 T A7 1] A7 B e iz
%,/ (remin~") x,/mm xy/(mes™ ')
1 60 9.5 0.3
0 45 8.0 0.2
-1 30 6.5 0.1
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Tab.5 Plan and result of test
s k) Y, /% Y,/ % Y5/ %
75 X, X, X3
1 0 0 0 91. 85 1. 19 9. 64
2 -1 1 0 71.54 0.82 4.59
3 0 0 0 89. 85 1.23 11. 06
4 0 -1 -1 83.56 4.45 13. 65
5 0 0 0 87.01 1.22 9.39
6 -1 -1 0 75.85 4.05 9.85
7 1 0 -1 91.54 5.02 16. 15
8 0 1 1 70. 12 1.48 7.56
9 0 -1 1 87.63 3.08 14.21
10 0 1 -1 83. 14 1.49 4.01
11 1 0 1 89.52 2.12 13.12
12 1 1 0 81.65 2.25 7.32
13 0 0 0 90. 89 2.31 7.98
14 1 -1 0 94.52 4.01 16.5
15 0 0 0 92.13 1.35 9.73
16 -1 0 -1 83.21 1.85 6. 14
17 -1 0 1 71.61 2.95 14. 85
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Tab.6 Variance analysis of regression model

2% P ERS B Y, TREY,

R SFOAL B F P SERT BOr A F P SERT BUr A F P
MK 980.43  108.94  36.81 <0.0001*  25.98 2.89 18.78  0.0004*  235.72  26.19  32.18 <0.0001*
X, 378.40  378.40 127.85 <0.0001** 1.74 1.74 11.31  0.0120" 38.98 38.98  47.89 0.0002 **
X, 154.09 154.09 52.06 0.0002*  11.40 11.40  74.17 <0.0001 " 118.04 118.04 145.02 <0.0001*
X, 63. 68 63.68  21.51 0.002 4 ** 1.26 1.26 8.22  0.0241°" 11.98 11.98  14.72 0.006 4 **
X, X, 18.32 18. 32 6.19 0.0417* 0.5402 0.5402  3.51 0.1030 3.84 3.84 4.72 0. 066 4
X, Xy 22.94 22.94 7.75 0.0271°" 4.00 4.00 26.02  0.0014* 34. 46 34.46  42.33 0.000 3 **
X,X;  73.02 73.02  24.67 0.0016 0.4624 0.4624  3.01 0.126 4 2.24 2.24 2.75 0.1415
X3 45.83 45.83  15.48 0.0056"  2.98 2.98 19.39  0.0031* 7.74 7.74 9.51 0.0177"
X3 159.60  159.60  53.92 0.0002** 0.9752 0.9752  6.34  0.0399* 7.69 7.69 9.44 0.0180"
X3 39. 86 39.86  13.47 0.008 0 ** 1.97 1.97 12.81  0.0090* 11.45 11. 45 14. 06 0.007 2 **
% 20.72 2.96 1.08  0.1537 5.70  0.8140

P AU 3. 60 1.20  0.2807  0.8376 0.1580 0.0527 0.2294 0.8717 0.8872 0.2957 0.2459  0.8607
®E 1712 4.28 0.9180 0.2295 4.81 1.20

BT 1001.15 27.06 241. 42

T = FR

Wi 5.2 (0. 01 < P <0.05) ; %% FR 5 M B2 (P <0.01) .
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