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Design and Test of Harvester for Whole Hydroponic Lettuce with Low Damage
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Abstract: In order to solve the issues of hydroponic lettuce manual harvesting with low quality but high
cost, a harvester was designed and manufactured. The leaves lying on the hydroponics planting board
were gathered by the holding rods before cutting the stem. The key components of the harvester were
calculated ; for instance, the device of gathering leaves up, the cutter bar and conveyer device. The
damage area was measured by using image processing method. The factors those would influence the leaf
damage were generalized. The influence of gathering angle and gathering height on damage area was
analyzed though the mechanical analysis and high-speed photography. Orthogonal test was utilized to
study the influence of gathering velocity, gathering angle, gathering height and velocity of putting lettuce
down on damage area. The results showed that the order of significance was gathering angle, gathering
height, velocity of putting lettuce down and gathering velocity. The optimized combination of factors that
gave the minimum damage area was obtained, and the value of gathering velocity, gathering angle,
gathering height and velocity of putting lettuce down were 100 mm/s, 15°, 70 mm and 100 mm/s,
respectively. The average value of damage area was 432 mm’, and the average value of damage degree
was 0. 13% , which meant that the optimization was obvious. This research offered a reference for
designing the harvester which would harvest more than one hydroponic lettuce.
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Fig. 1  Structure diagram of hydroponic lettuce harvester
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Fig.2  Principle diagrams for harvesting whole
hydroponic lettuce with low damage
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Fig.4  Structure diagram of cutter bar
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Fig.5 Diagram of putting lettuce down
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Fig.6  Lettuce force diagram during gathering process
HEC(2) ((3) AT, SR 40 A1 52 0 e 4 A X S i
YER D, SRYEEE | TR S 8 23 B HSE W S iy 52
i JEMTSE St 52
SR R TR, et U0 1 D 3 R, 32
B IAFHT R i BE R A B

LR R AR S M 32 7 WORRAR b AR TR
S5 1 R U 2 EAT R RN 2 R A RN
N ORI E A RACHEEA Y, AT R,
[([INTCEEINE £/ SV NI SIS B 5/ ViR £/
o JEE U ], 45 DR i e 0 2 Al 5 b 7 i
IEAIRE B E

e AR Y

M A
K7 S8R E

Fig.7 Analysis of leaves damage factors
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Tab.1 Factors and levels of harvesting experiment
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Fig.9 Image capturing and process of lettuce leaf
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Tab.2 Results of orthogonal tests for harvesting
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Tab.3 Analysis of variance for orthogonal tests
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Fig. 11 Variation curves of leaf dancage area with factors
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Fig. 13 Process of transporting lettuce to conveyor
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