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Development of a Harvester for Crawled Spinach
H . J.Jun S H Kim Y Choi VY. K Kim J. T. Hong

This study was conducted to solve the problem of crawled spinach harvesting that had been mainly done by manpower
on the outdoor fields during the winter season. Moreover, there are not enough workers available for farming at most of
rural areas in Korea because farming is getting hard and the number of old-aged workers is increasing. In order to find
appropriate methods of digging, picking and collecting of spinach, the tests were examined outdoors. A prototype was
designed based on the results of the tests and then fabricated for digging, picking-up and then collecting in continuous
operation for harvesting spinach planted in the outdoor fields. In the field test with the prototype, the vibration intensity
transmitted to the driver by vibrating blade was low while the vibrating blade reduced digging power by 46% compared
to that of the fixed blade. The spinach loss was found to be as low as 0.7% in the condition of digging depth of 40 mm,
cam rotational velocity of 748 rpm, and blade amplitude of 16.5 mm. The working performance of the prototype spinach
harvester was found to be 3.8 hour/10a resulting in 96% of labor saving and 85% of operating cost compared to the

conventional manual harvesting.
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Fig. 2 Shape of crawled spinach.
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Table 1 Characteristics of spinach field for the test

. . Soil hardness by depth (N/cm’)
Soil classification Water content (%, d.b.)
0 mm 50 mm 100 mm 150 mm
Silt loam 18 60 160 180 360
Table 2 Characteristics of spinach for the test
Species of spinach Shape Leaf length (mm) Leaf diameter (D) (mm) Root length (L) (mm)
Native specics Crawled type 130~240 180~250 150~230
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Fig. 4 Diagram of the measuring device for root cutting force of
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Fig. 5 Shapes of cutting blades for the test.

Table 3 Specifications of the cutting test device

Items Specifications
Length (mm) 660
Width (mm) 40
Blade Thickness (mm) 8
Oblique angle of blade edge (°) 30
Types of blades 90°, 120°, 150°, 180°
Diameter (mm) 400
Wheel
Width (mm) 100

5/1750

Gasoline Engine (PS/rpm)
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L : Length of lug
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Fig. 7 Diagram of chain conveyor condition for pick-up test.



Table 4 Specifications of pick-up chain conveyor

Items Specifications
Width (mm) 600
Chain space (mm) 40
Lug length (mm) 60
Lug space (mm) 100 x 90
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Fig. 8 Schematic diagram of prototype spinach harvester.

Table § Specifications of prototype spinach harvester

J. of Biosystems Eng. Vol. 30, No. 4.

L. AR AT R ORIE]

A&7 E g Beldarsts garglr) sl Asds
A AFAE olFdh= AuAwolo] I 3} FHS
Agshe FEEAZ TS AeedS g wAs
AE 0~32.5 mm7FA] 28 A3 AFE] AlgA] A
Z2o 3Fo] AIFXNE WA EEE 800 mmE AT
AdzAueo]o)E & 550 mm, #AZHE 40 mmel™ ZAZH]
ojojof] H2lH 21 o] 60 mm=E 90 mm HHOE A
A BRI olFAEE 25~3207F4] A EHTE TS A
FA7F 3 i) o]FETE 2g oz ARl FHE,
AFH Y o] & HES dol 40 mm HHOE iES
Akl AlER] Bl deze] 2dE A3 Al
o}9] ©l Fiof Z el X||sle] HeHzlo] 2HFES AA
33tk

@ Blade

@ Cam

® Rods, controlling height of conveyor
@ Lugs on chain rods

(® Chain Conveyor

® Guiding Plate

@ Container

Engine

® Wheels

Roller, controlling cutting depth
@ Guiding rods on blade

Jtems Specifications
Size of prototype (mm) 2,400 x 700 x 1,000 (LxWxH)
Length (mm) 800
Width (mm) 40
Oscillating blade Thickness (mm) . 8
Oblique angle of blade edge (°) 30
Types of blades 150°, 180°
Width (mm) 550
) Chain space (mm) 40
chaiili:l::\rl)eyor Lug length (mm) 60
Lug space (mm) 90 x 80
Tilt angle of chain conveyor (°) 25~32
Diameter (mm) 400
Wheel Width (mm) 100
Distance between wheels (mm) 500
Engine (Gas) ps/tpm 5/1750
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Fig. 10 Diagram of oscillating blade device.

Table 6 Characteristics of artificial field for the test

Fig. 11 View of prototype with oscillating blade device.

Soil hardness by depth (N/em®)

Soil classification Water content (%, d.b.)
0 mm 50 mm 100 mm
Loanly sand 18 42 30
Table 7 Characteristics of spinach field for the test
. . . Soil hardness by depth (N/em®)
Soil classification Water content (%, d.b.)
0 mm 50 mm 100 mm
Silt loam 17.5 290 341
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Table 8 Spinach picking-up and soil separating condition by moving velocity, tilt angle and height of chain conveyor

Velocity of chain Velocity ratio Tilt angle of chain Height of chain conveyor Spinach pick-u
conveyor (m/s) (conveyor/wheel) conveyor (°) from bottom (mm) P p P
30 il
24
50 I
0.25 0.83
30 m
32
50 a
30 I
24
50 I
0.5 1.7
30 I
32
50 I

*Spinach pick-up condition: Class I (95% or more), Class II (80~95%), Class III (below 80%)
*Working speed : 0.3 m/sec

Table 9 Cutting force according the oscillating condition and cutting depth

Cutting force of blades (N)
Amplitude of blade Velocity of cam Depth 40 mm Depth 80 mm
(mm) (rpm)
Blade A (150°) Blade B (180°) Blade A (150°) Blade B (180°)
0 0 402 324 834 706
449 216 196 520 392
I 561 167 186 422 343
748 147 167 363 343
1123 78 108 265 245
449 147 177 304 304
561 127 157 284 304
165 748 127 147 265 294
1123 118 118 245 235
449 167 186 275 333
561 167 167 265 314
213 748 157 157 235 314
1123 137 147 216 275
449 157 186 304 324
561 157 167 275 294
27 748 157 147 245 343
1123 98 147 196 265
449 157 177 304 324
561 157 157 275 363
325 748 157 157 216 324
1123 118 157 235 324
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Fig. 14 Relationships of amplitude and cutting force of blades by rotational velocity of the cam.
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Table 10 Cutting force of blade A by amplitude

Amplitude Cutting Force ratio between
of blade force amplitude and
(mm) N) non-oscillation (%)
0 1393(A) 100
11 853(B) 61(B/A)
16.5 755(C) 54(C/A)
21.5 706(D) 51(D/A)
27 667(E) 48(E/A)
325 647(F) 46(F/A)
1600 [ y = 1.0014x* - 54.194x + 1376.1
1400

R?=0.9879
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Fig. 15 Relationship of ‘amplitude and cutting force of blade A at
748 pm of the velocity of cam.

Table 11 Working conditions of prototype

Working speed (m/s) Loss rate (%)
0.17 0.7
0.25 1.2 0

Damage rate (%)

Table 12 Economical analysis of the prototype (year 2002)
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Ttems Prototype Manual
Purchase price (won) 4,900,000 -
Durable time (year) 8 -
Annual used time (hr/year) 120 -
Depreciation cost 612,500 -
Fixed cost Repair cost 294,000 -
(won/year) Interest 122,500 -
Sum 1,029,000 -
Fixed cost per hour (won/hr) 8,575 -
) Fuel cost 646 -
V?‘(rv‘f:;hrc)‘m Labor cost 9,209 4325
Sum 9,855 4,325
Cost per hour (won/hr) 18,430 4,325
Working performance (hr/ha) 38 1,120
Total cost (won/ha) 700,330 4,844,000
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