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Abstract

The purpose of this study is to develop a self-propelled underground crop harvester and
its performance was evaluated by measuring the load during actual potato harvesting
operations. This study was conducted at a constant working speed of 1 km-h™. A load
measurement system was installed to measure the actual load and the required working
power was analyzed. A hydraulic pressure sensor was also installed to measure the hydraulic
pressure. The required hydraulic power was calculated using the hydraulic pressure and
flow rate. The results showed that the engine speed, torque, and power during harvesting
operation were in the range of 845 - 1,423 rpm, 95 - 228 Nm, and 9 - 31 kW, respectively.
Traction power, excluding the hydraulic pump of the tractor and power take-off (PTO) output,
was in the range of 9 - 28 kW, and it was confirmed that it occupies a ratio of 16.2 to 50%
of the engine rated output. The engine can supply the minimum required traction power
to move the vehicle. This means that the engine used in this study could be down-sized to
be suitable for an underground crop harvester. In this study, the gear stages of the tractor
were not considered. This research thus shows the possibility of developing a self-propelled
underground crop harvester.
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Materials and Methods
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Fig. 1. A photo of agricultural tractor with underground crop harvester used in this study.

Table 1. Specification of a 41 kW class agricultural tractor for measurement used in this study.

Item Specification
Length (mm) x width (mm) % height (mm) 4,002 x 1,940 x 2,624
Weight (kg) 2,865
Engine
Rated power (kW) 55.4
Transmission
Forward/reverse 16/16
Tire
Front 11.2-24
Rear 16.9 - 30

5749 Al E2E] 17 522 Fig. 29} 2ol YR, YT, PIOFYRE UL AZ A AL Fig 324 2
o] A%, PTO, §%o) 22528 Z5t7] gIsl Tdsteict. o] W, 75 2L A1)w )% ol gakglon] A

2204 PTO 22§ 9% 22e) 2 AT % 222 23 W} B2 o HIo| 2o goz
Arsict
P driving P engine P hydraulic Ppro 1
P, hydraulic: P main pump +P sub pump (2)

Where, Py, = Driving power (kW)
P.sin. = Engine power (kW)

Py rauic = Hydraulic power (kW)
Ppro =PTO power (kW)

P ain pump = Main pump power (kW)
P pump = Sub pump power (kW)
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Fig. 2. Schematic diagram of power flow of tractor equipped underground crop harvester.
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Fig. 3. Schematic diagram of load measurement system of tractor equipped underground crop harvester
during potato harvest operation. ECU, engine control unit, CAN, controller area network.
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Pryaautic = v X P;S()Q (3)

Where, Py i = Hydraulic power (kW)

1, = Volumetric efficiency (%)

P =Pressure of hydraulic system (bar)
Q = Flow rate of hydraulic system (cc's™)

PTO 282 8719 A9t HI, 32 4 2], o|$7 3 e Y Enjcf 2z A2 Alo] e Mg
o2 7} Q Aol {oF AA S A A]5to] S5l ALttt dlo] B 423 ] (QuantumX 840B, HBM, Darmstadt,
Germany)E A5 A28 7] ARE-3) o, o] ] =37 x]+= 2|t 40 kHz7}A] AlS 7FsohH, e 552
0.05, 2% 2= 20°Coll A 65°C, Ad 4= 87ljo|t},
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Fig. 4. A photo of field test location used in this study.
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Fig. 5. Result of measured engine speed data of tractor equipped underground crop harvester during potato
harvest operation.
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Fig. 6. Result of measured engine torque data of tractor equipped underground crop harvester during potato
harvest operation.

s
=]
L

Engine power (kK'W)
=]
=]

0 20 40 60 30 100
Time (sec)

Fig. 7. Result of measured engine power data of tractor equipped underground crop harvester during potato
harvest operation.

Table 2. Results of averaged measured engine data of tractor during potato harvesting operation.

Item Data Standard variation
Engine speed (rpm) 1,423.3 197.9
Engine torque (Nm) 138.9 29.1
Engine power (kW) 20.9 5.7
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Fig. 8. Results of measured tractor hydraulic pump pressure data of tractor equipped underground crop
harvester during potato harvest operation.
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Fig. 9. Results of measured tractor hydraulic pump power data of tractor equipped underground crop
harvester during potato harvest operation.

Table 3. Results of averaged measured hydraulic pump data of tractor during potato harvesting operation.

Ttem Data Standard variation
Main hydraulic pump pressure (bar) 10.9 53

Sub hydraulic pump pressure (bar) 25.0 5.15

Main hydraulic pump power (kW) 0.47 0.2

Sub hydraulic pump power (kW) 0.60 0.1
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Fig. 10. Results of measured hydraulic pressure data of hydraulic motor of the excavation part of tractor
equipped underground crop harvester during potato harvest operation.
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Fig. 11. Results of measured power data of hydraulic motor of the excavation part of tractor equipped
underground crop harvester during potato harvest operation.

Table 4. Results of averaged measured hydraulic motor data of excavator during potato harvesting

operation.
Ttem Data Standard variation
Hydraulic pressure of excavation part (bar) 56.7 16.8
Hydraulic pressure of cylinder (bar) 10.2 1.7
Hydraulic pressure of transfer (bar) 12.8 22
Hydraulic power of excavation part (kW) 0.68 02
Hydraulic power of cylinder (kW) 0.12 0.03
Hydraulic power of transfer (kW) 0.15 0.03
75 53
TE 82 AR ZHollA A 7 EHE Y| /ot Hx S pTO 239 A2 ALtek3l o Fig. 129} 0]
UEHst ol 32 212 &4]0]7] I3k 24 o3t 5 S8 o= oo 15 232 9-28 kW H9)
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Fig. 12. Result of measured requirement power of self-propelled underground crop harvester during potato
harvest operation.

Table 5. Results of calculated averaged traction power data of tractor equipped underground crop
harvester during potato harvesting operation.

Item Data
Average data of traction power (kW) 189
Standard variation of traction power (kW) 54
Minimum of traction power (kW) 9.6
Maximum of traction power (kW) 289
Conclusion
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Table 6. Results of averaged requirement power of tractor equipped underground crop harvester during
potato harvesting operation.

Part Requirement power (kW) Ratio (%)
Driving 18.50 90.11
Harvester (total) 0.96 4.68
Hydraulic motor of excavation part 0.69 336
Hydraulic motor of cylinder part 0.12 0.59
Hydraulic motor of transfer 0.15 0.73
Hydraulic pump (total) 1.07 521
Main hydraulic pump 047 2.29
Sub hydraulic pump 0.60 292
Total 20.53 100.00
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