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Abstract

Soil behavior generated by a root-cutting blade moving under the ground of an automatic spinach harvester for spinach for
eating raw is analyzed in this papétis difficult to harvest spinach for eating rewy usingautomatic harvester because

stems and leaves spinachare soft and easily bruised. Thus the harvester wbarhbewidely used among farmers has

not beerdevelopedTo overcomehe difficulty, we have beedevelopinghe automatic spinach harvestehnich does not
bruisespinach A trajectory of a root-cutting blade is very important to achieve this automatic harvesting without bruising
spinach because the motionaftting the root ospinach is influenced by soil which the blapiesseendmoves in In

this paper, accordingly, some characteristics in the behavior of soil caused by the moving blade arelpfarifiedthe
distinctelement method (DEM) to investigate the automatic harvesting. In conclusion two important characteristics, the
velocity of the moving blade and the volume of soil in the passage field the blade moved, are pointed out and described.

Key words: Agriculture robot, Automatic spinach harvester, Motion analy&8ehavior analysis of sqilDistinct
Element Method (DEM)
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Fig. 1 The developed automatic harvester. Fig. 2 The schema of the developed automatic
harvester.
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Fig. 3 The schema of the arm motion and the trajectbiy. 4 The schema of the arm motion and the trajectory
of the root-cutting blade in théranslational of the root-cutting blade in the arc motion.
motion.
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Fig. 5 The arm motion of theanslationamotion. Fig. 6 A trajectory example of theanslationamotion
using in the simulation.

Table 1 Parameters of thienslationamotion.

(X0, Yo) Initial position of rotation center of the arm (0, 485) [mm]
(x(t), y(t)) | Top position of the arm [mm]
v Velocity of the crawler 60 [mm/s]
6n Angle of the root-cutting blade 5 [deg]
| Arm length 508 [mm]
0
1 Arc motion s Arc motion
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Fig. 7 The arm motioof the arc motion. Fig. 8 A trajectory example of the arc motion using

in the simulation.
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Table 2 Parameters of the arc motion.

(X0, Yo) Initial position of rotation center of the arm (0, 485) [mm)]
(x(t), y(t)) | Top position of the arm [mm]
o(t) Angle of the arm from a vertical line [deg]
6o Center angle of the arc motion 5 [deg]
v Velocity of the crawler 60 [mm/s]
I Arm length 508 [mm]
a Amplitude of the swinging arm 5 [deq]
f Frequency of the swinging arm 0.35 [HZ]

0.000000 sec. 0.000000 sec.

Depth direction

100 [mm]
30 [deg]

: 80 [mm] ‘
AHF 50 [mm] I |

10 [mm]

Fig. 9 The sketch of the enviro- Fig. 10 The side view of the envi-Fig. 11  The specification of the
nment for the simulation. ronment for the simulation. root-cutting blade.
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Table 3 Parameters of a particle of soil in the simulation.

ps | Densityof particle 2550 [kgm?]
D, | Diameterof particle 3 [mm]
Usc | Staticfriction coefficient betweeparticleand the square container 0 []

Ude | Dynamicfriction coefficient betweeparticleand the square container 0 []

K | Springconstant 44800 [N/m]
E, | Coefficientof restitution 0.0001 [1]

Uss | Staticfriction coefficient between particles of soil 09 T[]

Udgs | Dynamicfriction coefficient between particles of soil 0.85 [1]

Usp | Staticfriction coefficient between particle and the root-cutting blade 04 []

Ugp | Dynamicfriction coefficient between particle and the root-cutting blade 0.25  [-]
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Fig. 16 The definition of the  Fig. 17 The uplifted soil banky Fig. 18 The uplifted soil banky
translationaposition thetranslationamotion the arc motion
of auplifted soil bank. in the experiment. in the experiment.

Translational motion L =23.5 [mm] Arc motion L=36.3 [mm]

Fig. 19 The uplifted soil banky thetranslational ~ Fig. 20  The uplifted soil banky the arc motion
motion in the simulation. in the simulation.
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Fig. 21 A result of the simulatioiy the Fig. 22 A result of the simulatioty the
translationamotion using the DEM. arc motion using the DEM.
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Translational motion ¢op =33 [deg] Arc motion

Fig. 23 Evaluationof the angle othe boundary line Fig. 24 Evaluationof the angle othe boundary linén
in thetranslationamotion. the arc motion.

Translational motion [, = 25.0 [mm] Arc motion I, =34.0 [mm]

b

Fig. 25 Evaluationof thecompression of soih the  Fig. 26 Evaluationof the compression of soih the
translationamotion. arc motion.
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Table 4 Influence of velocity of the crawldsy the
translational motion

v[mm/s] || ¢ [deg] | In[mm] | By [%]
Case TO|| 60 33 25.0 50.0
Case T1|| 120 22 28.1 454
Case T2| 240 17 33.6 38.8
Case T3|| 480 9 46.5 30.8

¢h =9 [deg]
I, =46.5 [mm|

¢h =17 [deg]
I, =33.6 [mm]

it o A
cpe S . ,‘

g S 3

TR I P T . ‘}:

Fig. 28 Resultof the simulation inCase T2
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Table 5 Influence of velocity of the crawler by the arc

motion
v[mm/s] | g [deg] | la[mm] | Ba[%]
Case AO|| 60 21 34.0 32.0
Case Al|| 120 7 47.6 4.8
Case A2|| 240 9 51.1 -2.2
Case A3|| 480 7 50.7 -1.4

Fig. 31 Result of the simulation in Case A2. Fig. 32 Result of the simulation in Case A3.

Translational motion Arc motion
The ground surface The ground surface

Fig. 33 Passagarea of thdranslationamotion. Fig. 34 Passagarea of the arc motion.
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