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Abstract

The purpose of this study is to analyze the load on the PTO shaft and the power required
during garlic harvester operation according to the depth at which Nanji and Hanji garlic,
two varieties of Korean garlic, are harvested. In order to identify the need for developing
a garlic harvester, we identified the deepening shortage of agricultural labor through the
phenomenon of decreasing and aging agricultural population. Since the garlic harvester is
driven by transmitting rotational power through the PTO shaft, we focused on the load on
the PTO shaft and the power required. Before testing the garlic harvester, we measured
the physical and mechanical properties of the soil by dividing it into Layerl and Layer2 to
understand the properties of the soil. Then, we analyzed the soil properties and found that
the soil was a sandy loam. The experimental conditions were divided into eight conditions
based on the depth at which Nanji and Hanji garlic are harvested, the rotation speed of
the PTO shaft, and the travel speed of the tractor. The load of the PTO shaft and the power
required were analyzed by finding the working section in each experimental condition. The
condition with the largest PTO shaft load and the largest power required in sandy loam
soil was P2L2D10. The PTO torque was 237.903 Nm and the average PTO power was 2.380
kW. This means that 22.05% of the tractor's rated power of 42 kW was required, and the
average power required was about 5.79 times higher than that of P1L2D5, the condition with
the smallest power requirement. Therefore, it can be seen that care must be taken in garlic
harvesting operations as the working depth increases.
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Introduction
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Fig. 1. Soil sampling method
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Table 1. Specifications of the agricultural tractor

Item Specification

Company TYM

Model TX 58

Wheel base (mm) 2,155

Length X Width X height (mm) 3,695%1,848 X 2,560

Engine Rated power (kW) 42 @ 2,000 rpm

Max torque (Nm) 211.8 @ 1,600 rpm

Transmission gear selection Main 4 stage
Sub 6 stage

PTO gear selection 1" 540 rpm
2750 rpm
31000 rpm

Tire 11.2-20 / 14.9-30

Maximum travel speed (km/h) 33.8

Table 2. Specifications of the Garlic harvester

Item Specification

Company Bulls

Model BG-1300HC

Length x Width x height (mm) 2,1208 x 1,500 x 1,150

Weight (kg) 540

Power requirements (kW) 37.2<

Working depth (cm) 10~20

Working width (cm) 130
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Fig. 2. Schematic of the sensor attachment locations on the agricultural tractor
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Table 3. Soil properties measured by soil layer

Properties Layer 1 Layer 2

Moisture content (%) 20.643 21.639

Bulk density (g/cm’) 1.582 1.585

Porosity 0.598 0.606

Solid density (g/cm’) 3.171 3.216

Shear strength (kPa) 22.759 25.328
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Fig. 3. Results of cone penetration test
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Fig. 4. Graph of PTO torque and speed according to working depth of 5 cm
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Table 4. Results of torque analysis according to working condition

; " . ; PTO torque (Nm)

Working condition Working section (sec) T S Ave 55

5 cm of working depth PIL1 7.4~23.7 0.056 66.353 27.279 10.890
P1L.2 8.4~18 0.013 69.794 26.794 10.562
P21 6.9~22.9 0.004 75.556 29.625 14.451
P21.2 7~18.2 0.060 79.869 31.610 14.687

10 cm of working depth P1L1 8.6~25.8 0.239 104.920 45.135 18.569
P1L.2 8.5~20 1.730 223.733 123.036 35.649
P2L1 7.3~23.5 4.277 141.018 69.514 24.397
P2L.2 7.6~19.2 1.065 237.903 118.387 40.923
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Fig. 7. Graph of PTO power according to working depth of 5 cm
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Table 5. Results of power analysis according to working condition

; " . . PTO power (kW)

Working condition Working section (sec) i T Ave =5

5 cm of working depth PIL1 7.4~23.7 0.003 3.978 1.637 0.653
P1L2 8.4~18 0.001 4.180 1.607 0.633
P2L1 6.9~22.9 0.001 6.040 2.370 1.156
P21.2 7~18.2 0.005 6.444 2.523 1.174

10 cm of working depth P1L1 8.6~25.8 0.014 6.276 2.706 1.112
P11L.2 8.5~20 0.073 13.238 7.231 2.189
P2L1 7.3~23.5 0.344 11.202 5.524 1.936
P21.2 7.6~19.2 0.085 18.722 9.337 3.214

e =240 UhE PTOX 3 W Kloje| Rojd HE

2] 2700] w2 PTO% §219] Wit ol EAR 02 Foluie A A5-E 517] 93H ANOVA W& 43t
. ANOVA 47 A= Table 601 LEFTE. ANOVA 7 A2} p-value £5°] 0.05 2o 2| Lot H77HH,, e 152
Hato] FYsith, &, 25 7F &7t §l3)o] 712t o 27 7F ot 2fol7F BAIA o2 foju|sf A ojx sLke] 70|
ohE 2203 2po 7k ek 212 & 4= AUtk Rl o 27 2 Afo)7} QleAle & = fle g, F7HA 0 2 AR
(Post-hoc Test) S Z13Y3HACE. p-value?} 0,05 HTF 2HA] Lrgko B & S=RAto] nk2g] x| okgko ] 27 7+ 4 X}o] 2 H|
She= o) Z35tsH WP Q1 Games-Howell AFE A WA © 2 21886199 11 AFS A o] ATk Table 701 UERATH AFE AA A
2} PILID52E P1L2DS 2] 3t &to] 7} 2k 0.03 0.2 F 271 7 it 2ko) 7} 712 gl A% p-value”}0.05 .k Ao} &= 274 7
Bt Aol7t EAH OZ fojmlet % 2 JSleh U2 2258 M2 B T3S s ZE pvalue?t 0,055 2o}
Hato] ol 7t fom|et Z& & = AU

P

Table 6. Results of ANOVA Test

Sum_sq df F PR (F)
Between Groups 731,557.237 7 37,551.501 0
Within Groups 305,160.022 109,649

Table 7. Mean difference of games-howell test

Mean 5 cm of working depth 10 cm of working depth
difference M PILI P2 P21 P22 PIL PIL2 P2l P22
Scmof  PILL 0 0030 0733  -088  -1.069 5593 3887  -7.700
working  p11.2 0030 0 0763 -0916  -1.099 5624 3917  -7.730
depth  porg 0.733 0.763 0 0156 0336  -4860  -3154  -6.967
P212 0866 0916 0.156 0 0179 4708 -3001  -6.814
10cmof PIL 1.069 109 0336  0.179 0 4525 2818 6631
working  p112 5593 5624 4860 4708 4525 0 1707 -2.106
depth  pory 3887 3917 3.154 3.001 2818 -1.707 0 -3.813
P21.2 7.700 7730 6967 6814 6.631 2106 3.813 0
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Table 8. P-value of games-howell test

p-value 5 cm of working depth 10 cm of working depth
\% PIL1 P2 P21 P22 PILI P2 P21 P22
Groupl
Scmof  PILL 1 0.000261 0 0 0 0 0 0
working  P1L.2 0.000261 1 0 0 0 0 0 0
depth  porg 0 0 1 23E-27  1.9E-157 0 0 0
P212 0 0 2.3E-27 1 1.92E-37 0 0 0
10cmof  PILL 0 0 L9E-157  1.92E-37 1 0 0 0
working  p112 0 0 0 0 0 1 0 0
depth  porg 0 0 0 0 0 0 1 0
P21.2 0 0 0 0 0 0 0 1
Conclusion
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