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Development of a Chain Conveyor Type Row-Spacing System
for Plant Factory
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Administration Suwon 441-100, Republic of Korea
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Abstract. This study was conducted to develop a chain conveyor-type, row-spacing system for a plant fac-
tory. The developed system was evaluated for its practical use in growing plants. Results are intended to pro-
vide technical suggestions on the row spacing for hydroponically grown vegetables in a plant factory. The
designed row-spacing system for a plant factory could be adjusted by four stages with a conveying speed range
of 5.3~15.8 cm +s™' and with a row-space range of 10~25 cm. The torque of driving shaft was measured with a
torque range of 11.7~33.3 N - m according as a trough weight changes with a range of 17~935 N. A measured
value was 5.9~9.8 N - m lower than a theoretical value. Travel reduction rate was shown up 1.6~1.9%. The
conveying time of trough was shown up 2.24 seconds in case that the designed value was 2.26 seconds. The
system was evaluated to be functioning effectively according to the initial design factors in the test.
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Fig. 1. Experimental apparatus of the row-spacing control system.
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Fig. 2. Assembly of electric motor, electromagnetic clutch

and timing sprockets.
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control unit of the row-spacing control system.

Item Model Specifications
Photo sensor Autonics, BMS200-DDTN Detect distance: 200 mm
Relay Honeywell, SZR-MY2-1 Current rating: 5 A
Electronic clutch KEB,combibox.10,370,90 Torque: 15 N?m
Power supply Suntronix, LN75-24 Output: 3.5A,75W
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Fig. 3. Flow chart for the operation of the row spacing con-
trol system.
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Fig. 4. Block diagram of the measurement system for test-
ing the characteristics of the photosensors and electromag-
netic clutch.
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Fig. 5. Schematic diagram of the chain conveyer tensions.
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Fig. 6. Growth rates and the growth stages of the leafy let-
tuce.

Table 2. Row-spacing distance according to the growth period.
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Item Row-spacing distance

Growing period (d) 14 21 28 35

Survey spacing (mm) 115.4 1554 198.6 245.4

Adjusted spacing (mm) 100.0 150.0 200.0 250.0

Length of chain (mm) 101.6 (8 ea) 152.4 (12 ea) 203.2 (16 ea) 254.0 (20 ea)
*Pitch of #40 chain: 12.7 mm
Table 3. Design data for the row-spacing control system.

Item Ist stage 2nd stage 3rd stage 4th stage Total

Increase in leaf length per day (cm+ d™") 10 15 20 25 -
Space between plants (cm) 106.0 1524 203.3 254.0 715.7
Length of growing bed (cm) 99.0 152.0 204.0 257.0 712.0
Number of chain (ea) 198 304 408 514 1424
Length of chain (cm) 251.5 386.1 518.2 652.8 1808.5
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Table 4. Speed of conveyer and speed ratio at the growth stages.

Item Ist stage 2nd stage 3rd stage 4th stage

No. of driving sprocket teeth 30 28 21
No. of driven sprocket teeth 20 22 27
Speed ratio of shaft 0.667 0.786 1.286
Speed of conveyer (cm * s7!) 6.4 9.6 12.3 158
*Revolution per seconds of motor: 28.8 rpm.

Revolution per seconds of 3rd stage (Driving shaft): 14.4 rpm

Pitch circle of conveyer sprocket: 161.9 mm
Table 5. Comparison of the velocities of conveyor according to the growth rates.

Ist stage 2nd stage 3rd stage 4th stage
Conveyer design velocity (cm «s™") 6.4 9.6 12.3 15.8
Conveyer velocity without load (cm * sh 6.3 9.5 12.2 15.6
Conveyer velocity with load (cm - s7") 6.2 9.3 12.0 15.3
Slippage (%) 1.6 2.1 1.6 1.9
*Weight of leafy lettuce and troughs: 131.4 kg
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Fig. 7. Torque versus load for the row-spacing control.
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Table 6. Variation in row-spacing for stages (unit: mm)

g 27 2R

Stage. Ist stage timing 2nd stage timing 3rd stage timing 4th stage
conveyor conveyor conveyor conveyor conveyor conveyor conveyor
designed space 101.6 100 1524 152.4 203.2 203.2 254.0
1 0 97 150 153 205 207 248
2 106 93 150 158 203 248
3 104 152 203 260
4 100 153 204 249
Actual space 5 109 156 204 254
neti);:g?)?ng 6 100 149 204 265
trough 7 97 153 203 254
8 102 150 203 254
9 102 155 206 248
10 101 149 200 251
11 255
Average 102.3 95.0 151.7 155.5 203.5 207 2532
Standard Deviation 35 - 25 - 1.6 - 54
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