Development of Self Propelled Onion Picker
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SUMMARY

Onion as a one of major vegetables being grown mainly in Jeonnam, Gyeongnam,
and Gyeongbuk provinces is important income source for the regional farmer in
Korea. The area of onion being grown was 16,737 ha and 1,023,331 M/T of onion
was produced in 2005. There are two type of onions by growing area: upland onion
and paddy onion. The harvesting for upland onions includes several separate
phases: pulling off bulbs from the soil, drying to cure for a period of one to seven
days, clipping tops and roots, grading and placing in mesh sacks, and removing
mulching vinyl. But, for paddy onion, harvesting includes field topping, pulling off
bulbs from the soil, grading and placing in mesh sacks, and removing mulching
vinyl.

Nearly all onions are harvested by hand-labor methods. The labor requirement
for harvesting is approximately 81.2 man-hours per 10a, which is about 39% of
total labor requirement for onion cultivation. Due to a shortage of rural labor,
increasing labor competition for onion harvesting is casing wage rates to rise
rapidly and forcing many producers to consider the introduction of semi- or
complete mechanical harvesting. Therefore, traditional manual harvesting should
give way to mechanical harvesting to save on both costs and labor. Unfortunately,
many onion harvesters developed from foreign countries are not available because
of limits in field size, slopeness, soil type, mulching cultivation, onion physical
properties, and other cultivation conditions.

Therefore, this project were designed to develope a self-propelled onion picker
which can gather field cured untopped onions from the ground, convey them to
topper to remove tops, place bulbs in temporary storage bags, and load and unload
the bags in small upland field. Surveys on onion cultivation patterns, harvesting
methods, and physical properties of harvesting onion, and tests on the imported
foreign onion harvesters were conducted to obtain basic informations. The

experimental track type self-propelled onion picker which can travel in small upland



and paddy, gather, convey, and load onions, and the experimental roller tpye and air
blast type topping devices were constructed and tested to get optimum design
informations for establishing concepts of the self-propelled onion picker prototype.
Finally, design, and construction of the prototype were carried out and field
performance and machinery costs of it were analyzed and compared with those of

conventional manual harvesting.

The results of this project are summarized as follows;

1. Surveys on onion cultivation patterns, harvesting methods, and physical
properties of harvesting onion.

Results from surveys on onion cultivation and harvesting in main production, a
self-propelled onion picker which can gather pulled off, cured and untopped onions,
convey them to the topping device, cut their tops, and load their bulbs in temporary

storage bags was suitable for mechanical harvesting of onions in Korea.

2. Tests on the imported foreign onion harvesters

Because of mulching vinyl cultivation, need of field drying to cure, and much
damage of onion when pulling off from the soil, the pulling type onion harvester
was not available for harvesting onions in Korea. And also the digging type onion
harvester was not available due to too big machine size for small field, need of

loading truck or trailer, and too much damage of bulbs when loading.

3. Fundamental studies for an onion picker

A) The experimental track type self-propelled onion picker

A onion picker without digging blade was more desiable than that with it
because rate of soil pulverization was higher. Optimum pitch, speed, and tilt angle
of the gathering conveyor were 50.8mm, 0.35m/s, and 19°, respectively. Optimum
seed ratios of gathering reel to gathering conveyor and gathering conveyor to lift

conveyor were 1.2:1, and 1:1.2, respectively.



B) Topping devices

Rate of onion topped, rate of onion damaged, and rate of onion topped Wwhose
neck length in the range of 4~6cm for the experimental roller type topper were up
to 87.5%, 6.3%, and 57.5%, respectively. But it is not available for a self-propelled
onion picker because of heavy weight, complex power transmission, noise, and
vibration. The air blast type topper showed 100% of rate of onion topped, and
7.8cm of average neck length at 42m/s of air velocity of the blower. Therefore, it

can be available for a self-propelled onion picker.

4. Construction and performance of the prototype onion picker.

The wheel type self-propelled onion piker consists of diesel engine and frames
improved from the current speed sprayer, power transmission element, wheel type
travel element, gathering and conveying elements using rod conveyor, air blast
topping element with reciprocating cutter, load element, and operating console, etc.
was designed and constructed.

Results from fundamental tests on the prototype, maximum speed, and capacity of
the conveyor were 0.35m/s, and 25.5t/h, respectively, and average air speed of the
blower was 38.6m/s at engine speed of 1800rpm, Rate of onion topped was above
80% up to conveying rate of onion of 21.3t/h. Rate of onion topped whose neck
length in the range of 4~6cm was about 25%. The prototype needs more larger

capacity of blower to improve topping performance.

5. Field performance tests for the prototype

Results from field tests on performance of the prototype onion picker, maximum travel
speed and gathering capacity were 0.31 m/s and 15.1t/h at engine speed of 1800rpm.
Considering vibration and noise for the prototype, travel speed of 0.26m/s, gathering
capacity of 12.4t/h, rate of onion gathered of 99.0%, rate of onion damaged of 3.0%, rate
of onion topped of 83.5% were optimum. Effective field capacity of the prototype was
about 11.9a/h. Compared with conventional manual harvesting, capacity of the prototype

was about 71 times greater and labor requirement was reduced by 98.6%.

_9_



6. Economic analysis for the prototype

Total machinery costs of the prototype for harvesting onion were estimated as
60,176 won per 10a. Thus harvesting costs can be reduced by 80% compared with
conventional manual harvesting costs of 301,334 won per 10a, and break-even area

was estimated as 2.95 hectares.

_10_
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3E 34-1. A&7 e Al

T o® A9
. 72 0] xZ x 3 0] (mm) 6,220(4,400)%2,300%2,230
%% (ko) 2,780
34 94 A
a4 = )% /3 A4 (rpm) 55.2ps/2,800
A% A7) N5
Hl} 7] & (ce) 2.607
S AETE, ARZFQERT A7)
EL SR 4
e A7 F71 2%
TAE 224 32 74 ohg vz
ENEEE F9 U2y
Z=A%xE A (mm) 1,590x1,250
Elo]o] J+4 26" x10.00-12pr, Max load : 980Kg
3 298+ A o]0} 4]
e =% % (mm) 1,160
=# 2 o] (mm) 100 ©]
o] &4 o] &1 2] 2 1= A1 7w o] o]
Aoy $¥4A+979 Qe
E7)AaR s &4 49 HEEZ + oo AE
3] A4 (rpm) 4,100
g SR = (500Kg)
DETIR %
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Engine speed Slot position

(rpm) A B C
A, 217 B 22.1 G 28.7
A 24.1 B 26.2 G 29.7

1,200 A, 26.2 B, 26.8 G 26.6
A, 29.7 B, 24.4 C 26.3
A- 26.3 B- 21.8 G 24.1
A, 38.4 B 335 G 38.2
A 34.3 B 39.2 G 36.0

1,500 A, 36.7 B, 32.6 G 34.8
A, 35.3 B, 324 C 34.4
A- 33.1 B- 31.8 G 36.3
A, 42.7 B 345 G 42.4
A 41.3 B 372 G 41.9

1,800 A, 40.6 B, 36.5 G 43.1
A, 40.3 B, 34.6 C 42.8
A: 38.8 B 34.4 G 40.4
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¥ 34-4. 43 AdE
o G AFE(%)
s
Q%;‘—IE 2}%;%;1 It ira! Ave. S. D.
(rpm) (m/s) (t/h)
17.0(12%3) 59.7 +19
0.2 12.8(9%4) 63.9 +0.2
8.5(6%6) 72.2 0
1,200 19.6(12%3) 56.9 +1.9
0.23 14.7(9%4) 62.5 +1.9
9.8(6+6) 70.8 £19
17.0(12%3) 77.8 +3.9
0.2 12.8(9%4) 80.6 +3.8
8.5(6%6) 84.7 +1.9
21.3(12%3) 70.8 +1.9
1,500 0.25 15.9(9%4) 76.4 +1.9
10.6(6%6) 81.9 £1.91
25.5(12%3) 65.3 £19
0.3 19.1(9%4) 7.8 +0.3
12.8(6%6) 77.8 +3.9
17.0(12%3) 81.9 +1.9
0.2 12.8(9%4) 89.0 £1.9
8.5(6%6) 93.1 £19
21.3(12%3) 80.6 +3.8
1,800 0.25 15.9(9%4) 84.7 £19
10.6(6%6) 91.7 +0.2
25.5(12%3) 77.8 +3.9
0.3 19.1(9%4) 81.9 +1.9
12.8(6%6) 875 +1.9
D) #3e A= H3T G « HIAFE YE
2) Ad =714 o0]
3E 34-5% QX9 I HEE WE FF7Y T, T |&gA ] o] F& =,
TaEd O 7] daFdAd st 7] ddd Hit =7]14dolet &7]
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SIS ezl B (%) anal
(cm)
Azl | o]FAEA 2FED
I AET | o] E (t/h) <4em|4~6cm | 6~8cm [8~10cm|>10cm| Ave. | S.D.
(rpm) (m/s)
17.0(12%3) | 4.7 14.0 25.6 20.9 34.8 94 | £39
0.2 12.8(9%4) 4.3 174 21.7 21.7 34.9 91 | +34
1.200 8.5(6%6) 58 19.2 23.1 23.1 28.8 85 | £3.3

19.6(12%3) | 4.9 14.6 24.4 26.8 293 | 91 | £35

0.23 14.7(9%4) | 44 20.0 20.0 244 312 | 89 | £3.6

9.8(6%6) 3.9 17.6 275 19.6 314 | 89 | £35

17.0(02%3) | 89 14.3 26.8 25.0 25.0 | 81 | £29

0.2 12.8(9%4) | 86 189 29.3 25.9 173 | 79 | £3.2

8.5(6%6) 6.5 19.7 32.8 27.9 131 | 7.8 | +3.2

21.3(12%3) | 13.7 | 157 25.5 21.6 235 | 84 | ¥3.2

1,500 0.25 15.9(9+4) | 9.1 18.2 23.6 25.5 236 | 82 | £3.7

10.6(6%6) | 11.9 | 169 23.7 30.5 169 | 81 | £3.2

255(12+3) | 10.7 | 17.0 31.9 255 149 | 84 | £3.5

0.3 19.1(9%4) | 7.1 23.3 26.8 214 214 | 83 | £29
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AZE71e] Fal e E 34-99 vERW mpel o
1,800 rpmell A FFEH== 021, 026, 031 m/s R, =3 HHo]o]o o]FEH=
0.29, 032, 0.34 m/s Stk E71dGE 7P 2 &= A= TEH5S 386 m/s ol
of @ E ot Al FEHS 276, 295, 322 m/s 2 AFV]O] TR © &
w7bsske] 5 Heko] 27U

F 34-9. A F7 e Fan A

o = A FHEE (rpm)

1,200 1,500 1,800
714 F &= (m/s) 0.21 0.26 0.31
TH HHole] olFEHEE (m/s) 0.29 0.32 0.34
27k o]F ZHolo] o]FEHE (m/s) 0.22 0.24 0.25
<% (m/s) 276 29.5 32.2
T o]FFA o]FEHE (m/s) 0.27 0.31 0.32
Add ddE£%E (m/s) 0.51 0.55 0.61
2) ¥ =3 4w

_92_



F A&7k 021, 026, 0.31 m/s
Aduj YR ES 247 99%, 99%, 97% = UEor EAELS 2%, 3%, 5%E LE
gk A A4 Fue e AYgEEE A7 FHEE 1,800rpm Y W& TS
1ol A A& % 031m/s 7HA 7hest o 71A1 e HEd g 5 nEsds o

ol

A4 ZAfdEes A3 HdEE 1500 rpmel A AP EE 0.26m/s7F 7HE A dek Ao

= sesgln,
A% FuAvlel A AARE 5 olulm AA 1 ol AAEeAE £HE
o] Wril &ipe] wol wAlEo] olo] vlg meke] 27H Sk

A3 A RS THEE TFHE EdE
(rpm) (m/s) (t/hr) (%) (%)
1,200 0.21 10.0 99 2
1,500 0.26 12.4 99 3
1,800 0.31 151 97 5
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o1 7+31 A v =2 n] 2,400,000
(/) o] 2} 1,000,000
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