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Development of a Rough Rice Handling Equipment for In-Bin Drying and Storage System
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Summary

The objective of this study is to develop a grain handling system for loading, unloading and
transporting of rough rice stored at the in-bin drying and storage (IBDS) developed by the Korea
Advanced Institute of Science and Technology (KAIST).

A mechanized grain handling system consisted of a portable auger and a gate was developed
and tested. The test results can be summarized as the following:

1) The loading capacity of the handling system developed is 16.2 m®/h (8.3 ton/h) for the
Indica type rice and 13.0 m?/h(7.3 ton/h) for the Japonica type. It is greater than' that of
manual handling as much as 2.5 — 2.7 times.

2) The unloading capacity of the handling system developed is 16.0 m?/h(8.2 ton/h) for the
Indica type rice and 12.6 m? /h(7.0 ton/h) for the Japonica type. It is greater than that of the
manual as much as 4.7 — 5.5 times.

3) For 3-ton capacity of the storage, the loading and unloading can be performed for 20 and
30 minutes by one man operation of equipment, while 60 and 120 minutes for the manual
of 2 men, respectively.

4) The volumetric efficiency of the system developed is 0.42 — 0.54 and thé power efficiency
is 4.0 — 4.4,

5) The break-even quantity of the handling system developed is about 38.6 ton(68.7 m®) of
rough rice and the initial investment for the system would be returned within five years for
the most owners of the KAIST IBDS system,
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Fig. 1. Development procedures of a mechanized
grain handling systems for the KAIST IBDS
system
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Table 1. Specifications of the KAIST IBDS system
and trailers of transporting systems
Unit: meter
Dimension
Length Width Height

System
Power tiller |1.4—1.8 0.9 14— 15
Tractor 2.4— 3.0 14-1.7 [ 1.3- 16
Truck 4.3 1.9 1.4
KAIST IBDS 2.5 1.9 1.5
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Table 2. Specifications of the portable auger developed

Content
Dimension Remark
Item
Inside diameter (1.D.) 25 mm Handling capacity:
Outside diameter (0.D.) 110 mm
Pitch of flighting 110 mm
Strip thickness 1.5 mm
Strip width 40 mm
Auger length (A) 3600 mm
Intake length (B) 340 mm
Transport angle (C) 10°
Maximum operating angle (D) 50°
Angle size (E) 114 mm
Reach at maximum height (F) 840 mm
Maximum Lift height (G) 1800 mm
Transport height (H) 2270 mm Fig. 4. Specifications of portable auger developed
Eave clearance (J) 1300 mm
Discharge length (K) 3860 mm
Motor size 1hp 745.7W
Auger rpm 500 rpm Motor 0.D. = 50 mm
Auger pully 0.D. = 175 mm
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Table 3. Loading performance of the mechanized grain handling system developed for Indica-type rough rice

Sample Loading Performance
Replication weight time Remark
(kg) (sec) ton /h m® /b
1 500 220 8.2 16.0 Moisture content
500 216 8.3 16.3 : 24% (w.b.)
500 218 8.3 16.2 Bulk density
: 510.8 kg/m®
Ave. 500 218 8.3 16.2 Operating angle
: 40

Table 4. Loading performance of the mechanized grain handling system developed for Japonica-type rough rice

Sample Loading Performance
Replication weight time Remark
(kg) (sec) ton /h m’ /h
1 500 244 7.4 13.1 Moisture content|

500 248 7.3 12.9 3 24% (w.b.)

500 249 7.2 12.9 Bulk density
: 562.3 kg/m’

Ave, 500 247 7.3 13.0 Operating angle

: 40°

Table 5. Unloading performance of the mechanized grain handling system developed for Japonica-type rough rice

Sample Unloading Performance
Replication weight time Remark
(kg) (sec) ton [ h m® /h
1 500 256 7.0 12,6 Moisture content
2 500 252 7.1 12.8 : 18.7% (w.b.)
500 260 6.9 12.4 Bulk density
: 556.8 kg/m’
Ave, 500 256 7.0 12.6 Operating angle
: 15°
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Table 6. Performance comparison of rough rice handling system

Unit: m3{h
Method Mechanized handling Manual handling
Rice
Handling Indica-type Japonica-type Indica-type Japonica-type
Loading 16.2 13.0 5.9 5.3
Unloading 16.0 120 2.9 2.7

Table 7. Comparision of the volumetric efficiency and power efficiency of the system with those of design require-

ment
Content Performance Design req’t
Item (A) (B) A[B (%)
Volumetric efficiency 0.42 — 0.54 0.6 70—90
Power efficiency 4.0- 44 4.0 100 — 110
Table 8. System data for economical analysis
System
Mechanized handling Manual handling
Item
labor 1 man 2 men
Loading time 8.4 min ton 20 min/ton
(4.6 min/m®) (11.8 min/m?)
labor 1 man 2 men
Unloading time 8.6 min/[ton 40 min/ton
(4.8 min/m°) (22.2 min/m?)
Electric power 0.21 kWh/ton 0
Investment for system ¥ 320,000/unit 0
Labor cost 1) ¥ 1,200
Electric cost 2) W 25.48/kWh
1) Monthly Report, NACF (1987, 11)
2) Information on Commidity Price (1983, 3)
Table 9. Results of break-even analysis of the mechanized rough rice handling system developed
Period (year) 1 2 3 1 5
Handling quantity
(ton) 88.6 19.3 12.9 9.7 7.7
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