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Design and Experiment of Self-propelled Harvester with Comb and
Conveyer Belt for Hangzhou White Chrysanthemum

LIU Ziliang' WANG Qingzhu' YU Huishuang' WU Min' SHA Guanglu’ ZHENG Zhian'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Zhuozhou Ruifeng Machinery Co. , Ltd. , Zhuozhou 072750, China)

Abstract: In view of the problems such as high miss rate, high damage rate, high impurity content, low
working efficiency, insufficient walking power, poor trafficability and inconvenient collection of the
current Hangzhou white chrysanthemum harvesting machinery, a comb belt self-propelled harvester was
developed based on the planting mode and picking requirements of Hangzhou white chrysanthemum. The
harvester was mainly composed of harvesting components, brush components, lifting devices, walking
devices, collection devices, and hydraulic systems. It utilized the comb action of multiple rows of comb
teeth to achieve continuous harvesting of Hangzhou white chrysanthemum. The operating speed and
working height of the harvesting components can be adjusted through the hydraulic system. Through
theoretical calculations, the structural parameters of key components such as conveyor belts and comb
teeth were determined. A prototype experiment was built with the driving speed of the harvester, the
working speed of the picking components, and the minimum distance between the comb and brush as
experimental factors. The picking rate, damage rate, and impurity content of Hangzhou white
chrysanthemum were used as the experimental indicators. A three factors and three levels orthogonal
experiment was conducted to obtain the optimal parameter combination of the harvester. The experimental
results showed that when the driving speed was 0.1 m/s, the working speed of the picking components
was 60 r/min, the minimum distance between the comb and brush was 60 mm, the picking effect was the
best, with picking rate of 83. 1% , damage rate of 15. 8% , and impurity content rate of 17.9% . This
comb belt self-propelled harvester had stable operation, which met the agronomic requirements of
Hangzhou white chrysanthemum picking.
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Fig.1  Overall structure diagram of Hangzhou white

chrysanthemum harvester
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Tab.1 Harvester operating parameters
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Be#&35h J1/kW 17.05
Tt/ ke 1500
frE IR EFiEay
WCARHLAT R/ (mes ") 0~1
Lk ish/ (°) 45
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SRk A 147 B Hb Bz /1N 55 JEE/mm 180
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Fig.2 Schematic of working principle of picking components
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Fig.3 Names of various parts of Hangzhou white

chrysanthemum
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Tab.2 Diameters of different parts of Hangzhou

white chrysanthemum mm
WAL - {H T 2
Y RIS 44.18 3.27
RIS 10. 74 0.79
Jif 46 A4 8.93 0.73
1R 1.22 0.15
A 2.02 0.11
F kL 3.51 0.47
R 0.21 0.03
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Tab.3 Tensile and shear mechanical parameters of different parts of Hangzhou white chrysanthemum
%A LA IR Ao /N A A 4/ MPa B DI IR H g /N V) A 5 1t/ MPa
AR 6.62 £1.52 20.31 +4. 46 11.19 £2.79 28.29 +4.29
IR 59.51 +11.91 468. 34 +£56. 26 90. 02 +24.02 635.06 +84.91
F ki 261.59 £32.42 883.29 +£108. 03 187.85 +46.93 745.75 £79. 63
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Fig.4 Schematic of structure of picking parts
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Fig.5 Schematic of conveyor belt inclination design
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Fig. 6 Design diagram of straight section length of

conveyor belt
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Fig.7  Structural design of comb gear row
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Fig. 8 Schematic of comb tooth array motion analysis
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Fig.9  Analysis of flower stress during picking process
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Fig. 10 Schematic of working principle of brush
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Tab.4 Parameters of brush component
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brush components during lifting and lowering process
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Tab.5 Parameters of lift chain
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Tab.7 Effect of harvester traveling speed on

harvesting performance %
x5 WA ALAT B S/ (mes ")
0.1 0.2 0.3 0.4 0.5 0.6

KR 82.3 81.7 78.5 72.1 64.6 53.9
[ 3.3 3.6 3.8 4.3 4.9 5.7
R 6.1 8.0 8.5 9.3 9.8 11.0

IR A5 R A R A1l 30 1R AR e i A Il 4 1
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Tab.8 Effect of working speed of picking components

on harvesting performance %
P SRAM A T ARG 3/ (romin )
30 45 60 75 90
PR 81.7 82.9 83.5 84.0 84.1
S 3.7 8.9 15.1 22.6 33.8
B 7.8 8.8 12.5 18.6 24.0

TR AE A B R AR TAE R i 3, R
TR, EH B R A TAERE 35K 60 r/min, i
P3R5 P 2% 53R 357 it SR 478 350 4 AR A %) 3 K
R, B BCR AT B4 T AR 34k 30 45 .60 1/ min,

F b SCRT T, B R SR U ] R N BE B U
IR 0 ~ 100 mm , i 78 £ UE 76 24 56 48 3 23 1) At -
JUATRE/IN , T AE 2R BLAR 290 33 mm, KBS ) 5
it 147 1] J5e /1N BE B3 24 40 .50 .60 mm,
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Tab.9 Factors and levels of orthogonal experiment

AR/ (mes ™) FEE/ (romin ™) SR/ ES/mm
1 0.1 30 40
2 0.2 45 50
3 0.3 60 60

IEAGIREE 45 R 3k 10 R, £ A B.C A
FKF  AFEELSEAL AT BORBLCR BT E 56 1Y
SRAF AR AR R e AT WL 25 5 U TR
BUAT Bl B R A1k 388 PR AR 2 skt LA B =6 il 45 i 7 1)
fe /N X AR AL ) SR AP BE R WAL ol i X I
AR S5 R AT 0 SRR 11 FR .
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Tab.10 Experimental results

- SES i tbn
A B C  RWRD WR D FIF %
1 1 1 1 75.1 4.9 7.1
2 1 22 77.9 11.0 12.8
3 1 33 83.1 15.8 17.9
4 2 1 2 66.3 4.1 9.0
5 2 2 3 69. 0 7.8 11. 1
6 23 1 84.6 21.0 25.0
7 3 1 3 63.2 3.1 9.8
8 32 1 72.1 14.3 16.7
9 33 2 80.9 18.8 22.0
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Tab.11 Variance analysis of regression model

W AR KA A B C

1 0. 787 0. 683 0.773

-~ 2 0.733 0.730 0. 750
3 0.720 0. 830 0.717
R 0. 067 0. 147 0. 057
1 0. 107 0. 040 0. 133
2 0.110 0.110 0.113

R
3 0. 120 0. 187 0. 090
R 0.013 0. 147 0. 043
1 0. 127 0. 087 0. 163
2 0. 150 0. 137 0. 147
3 0. 163 0.217 0. 130
R 0. 037 0. 130 0. 033
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HA B, C, BT B E D 0. 1 m/s RAW#1F T AR 5%
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