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Abstract The food self-sufficiency rate is decreasing due to the decline in the agricultural production
population. Advances in robot technology are increasing the number of robot applications in agriculture,
but agricultural robots applied to agriculture are still inadequate. Quality improvement is required for
robots to be used in agriculture, so evaluation technology is needed to reduce the frequency of failures.
This study examined the durability of three types of greenhouse robots. A life evaluation test method
was designed for the drive motor, a major component of the greenhouse robot, and the accelerated life
test method using an accelerated life test device was applied for a life evaluation. Life evaluation tests
were conducted on three types of greenhouse robots using the designed test method and test equipment.
As a result of the evaluation, it was possible to obtain results that satisfied the minimum expected
lifespan of five years required for agricultural machinery. The study result can be used as an evaluation

index for commercializing greenhouse robots.
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Fig. 1. Currently developed robots for greenhouse
(pest control, transport, monitoring)
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Table 1. Results of driving motor robot’s driving
motor capacity for greenhouse(Pest contro,.
Transport, Monitoring)

Pest Control | Transport Monitoring
Robot Robot Robot
Max. Weight(kg) 520 160 140
Weight per Motor(kg) 130 40 35
Wheel Diameter(m) 0.28
Max. Speed(%) 2.8 3.4 3.4
Rotation
Speed(R.P.M.) 3 247 247
Load Moment of
Inertia 1.274 0.392 0.343
Acceleration
Torque(kgm) 0.816 0.207 0.245
Constant velocity
Torque(kgm) 0.910 0.280 0.245
Reduction Ratio 200:1 100:1 100:1
Motor Capacity(W)
Safety factor(1.5) 158.613 89.462 78.280
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Table 2. Calculation results of trouble-free test time

Pest Control | Transport Monitoring
Robot Robot Robot
Min. working hours 30 240 30
per year(hr)
Durable years 5
Min. required life(hr) 150 1,200 400
Trouble-free 1454.640 | 11,637.120 | 3879.040
test time(hr)
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Table 3. Calculation results of accelerated life evaluation
time (When applying allowable load)

Pest Control | Transport | Monitoring
Robot Robot Robot
Max. Wattage(W) 147.047 147.047 60.462
Failure-free
Evaluation time(hr) 816.390 6531.120 2612.448
Applicable Current(A) 6.127 4.988 2.519
Constant Current(A) 1.123 0.594 0.506
Acceleration Factor 5.458 8.392 4.976
Min. Working
time(hn) 150 1,200 400
Acceleration
Evaluation time(hr) 149.581 778.272 437.534

Table 4. Calculation results of accelerated life
evaluation time (When applying Maximum
allowable current)

Pest Control | Transport | Monitoring
Robot Robot Robot
Max. Wattage(W) 147.047 147.047 60.462
Failure-free
Evaluation time(hr) 816.390 6531.120 2612.448
Max Allowable
Current(A) 13 13 6
Constant Current(A) 1.123 0.594 0.506
Acceleration Factor 11.580 21.873 11.851
Min. Working
time(hn) 150 1,200 480
Acceleration
Evaluation time(hr) 70.498 298.597 183.709
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Table 5. DC Current Transducer specifications

Power Supply 24 VDC (12-40V)

Output Signal 4-20 mA, loop-powered

Output Limit 23 mA

Accuracy 1.0% FS

Response Time 100 ms (to 90% step change)

0-20 to 0-400 DC, see ordering
information
UL listed to 1270 VAC,
tested to 5 KV

Range

Isolation Voltage
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Table 6. Surface temperature of motor and driver

100W Motor (T) 200W Motor (C)
Avg. Min. | Max. | Avg. Min. | Max.
#1 Motor Shaft| 33.5 | 29.2 | 39.9 | 37.8 | 35.5 | 40.9
#2 Motor Gear| 47.1 | 40.7 | 559 | 58.1 | 56.4 | 60.1
#3 Motor Body| 55.6 | 46.7 | 66.7 | 65.7 | 62.7 | 68.1
#4 Driver Wire| 58.6 | 52.4 | 66.6 | 29.3 | 30.5 | 283
# Driver | 60 | 41.9 | 51.0 | 300 | 31.4 | 29.0
Capacitor
#R6 briver | 593 | 506 | 725 | 552 | 521 | 585
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