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Fig.1. Onion harvesting machine with excrescence axes, (1) Chassis, (2) Furrower, (3) Power transmission system, (4)
Excrescence axis
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Fig.2. Schematic view of soil engaging parts of the harvester
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Fig.3. Excrescence Axis, (1) Square axis, (2) Star wheel, (3) Spacer
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Fig.4. a) Side view of the excrescence axis placement, b) Assembling method of excrescence axes on chassis
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Fig.5. Volume of tilled soil in one revolution of the rotating axis
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Fig.8. Onion harvesting machine with excrescence axes
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Table 2- Speed ratios derived from different sprocket wheel combinations and kinematic indices derived from different
forward and angular speeds of the rotary axis
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Table 3- ANOVA table of parameters affecting onion harvesting using the examined machine
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o 1 463.1400 605.000"
Depth
Sorde Cop 2 241.129 55.832"
Forward velocity
byee (g S 2 0.574 0.248™
Axes rotational speed
Soybey Sy X o 2 58.019 25.064"
Depthx Forward velocity
bygee (g Gy X Gos 2 6.685 2.888™
Depthx Axes rotational speed
Soris Sy Xlasgme (g cop 4 107.963 46.640"
Axes rotational speedx Forward velocity
Sy C"“)‘“’_XL"’)W 9> s X o ) 4 5.907 2.552M
Depthx Axes rotational speedx Forward velocity
s 36 2.315
Error
S 53
Total
&l s pas NS 7.0 rdaw 43 41> e

* Significant at the level of 5%

" None significant
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Fig.9. Effect of interaction between depth and forward velocity on the success rate of onion harvesting
Means with the same symbol are not significantly at 5% level according to Duncan's multiple range test
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Fig.10. Effect of axes rotational speed and forward velocity on the success rate of onion harvesting.
Means with the same symbol are not significantly at 5% level according to Duncans multiple range test.
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Table 4- Technical specifications of onion harvester machine with excrescence axes

solyly slado
Parameter Value
Jib 106 cm
Length
L ;
o o= 156.5 cm
Dimension  Width
&lf;;)‘ 98 cm
Height
039
. 112 ki
Weight g
5
o 135 cm
Working width
e tn
< e M’b 0.6 hectares per hour
Field capacity
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Introduction

It is common to use rod weeders for onion harvesting according to their prevention of root blocking in front
of the machine and separation of onion bulbs from soil by shaking. Chesson et al., (1977), used a rod weeder for
manufacturing an onion harvester. This machine had a rectangular rotor axis with 25mmx25mm cross section.
The rotor power was provided by a hydro-motor. An investigation into onion losses during the harvesting
operation showed that the majority of crop damages have been occurred due to the collision of rods with onion
bulbs. Therefore, the objective of this study is to design and evaluate an onion harvester based on rod weeders
with the capability of crop harvesting with minimum damage.

Material and Methods

The main components of the examined onion harvester are chassis, furrower, and power transmission system
and excrescence axes. Rectangular 100mmx100mm and 40mmx80mm profiles with 4mm profile thickness are
used to fabricate the chassis. The furrowers were installed on each side of the chassis as the first parts of the
harvester that comes into contact with the soil. Power transmission system provided rotation of two axes from
both sides of the machine due to the lack of space for working of two chains on the one side. Therefore, a
gearbox having one input shaft and two output shafts was selected for the machine. The gearbox output shafts
turn the rotors with a reduction ratio of 1 to 3.5. The rotary motion of the excrescence axes cuts and moves the
soil located under the onions bulbs upward and finally the onion bulbs are placed on the soil surface. Therefore,
excrescence axes can be considered as the main part of the onion harvester. The excrescence shape of the axes
were created by star wheels. Star wheels had a hole with a square section in center (30mmx30mm), for installing
them on their shaft. Choosing this kind of the connection, dose not let star wheels to move freely. Also to limit
the lateral movement of the star wheels on axis, metallic spacers were used between the adjacent pairs of them.
To evaluate the machine performance three variable factors were defined: working depth (20 and 26 cm),
forward speed (3, 4.5 and 6 Km h™) and rotational speed of the excrescence axes (150, 220 and 290 rpm). The
conducted experiments were analyzed in a complete randomized design with three replications.

Results and Discussion

The analysis of variance showed that the working depth and forward velocity of axis had significant effect (in
5% level) on the success rate of onion harvester. Also the interaction between depth and forward velocity and the
interaction between rotational speed of axes and forward speed were significant. The interaction between depth
and rotational speed of axes and the interaction between depth, rotational speed of axes and forward speed were
not significant. Evaluation of the interaction between depth and forward velocity showed that the most success
rate of onion harvesting was in 20 cm depth and forward velocity equal to 3 and 4.5 km h™. The least success
was gained in 26 cm depth with 4.5 and 6 km h™ forward speed. Evaluation of the interaction between rotational
speed of axes and forward speed showed that the most success in the onion harvesting was occurred with a
machine having 3 km h™ forward velocity and 150 rpm rotational speed and also 4.5 km h™ forward velocity and
220 rpm rotational speed.

Conclusions
The success rate of the onion harvesting decreased by increasing the working depth of the machine and axes
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distance to the onion bulbs. Also with excessive forward velocity the success rate of onion harvesting decreased
because of difficulties in controlling the tractor guidance in straight line. The best performance of this onion
harvesting machine was in 20 cm depth, 4.5 km h™ forward velocity and 220 rpm axes rotational speed.
Adjusting the machine working parameters according to these values, the ratio of the linear speed of the star
wheel tips to the forward velocity of the machine (kinematic index) was equal to 0.82.

Keywords: Forward velocity, Kinematic indices, Rotational speed, Working depth



