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Abstract

The pause of a brown rice separator and bottlenecks in the sorting process of the rice mill plant at
CNU appeared in the simulation of the previous study. Alternative models for solving these problems
and for process automation were required and developed using the basic model validated. The results
of the alternative models (I, IT) were as followings. An alternative model (I) was developed under con-
ditions of increasing the grain color sorter capacity from 1.5 t/h to 2.0 t/h and of being capable of auto-
matically finishing the milling operation with load cell signals from main tanks. These conditions in the
model (I) could prevent the bottleneck in the color sorting process and finish the milling operation auto-
matically. However, the increasement of auxiliary tank capacity for a huller and a brown rice separator
was additionally needed from 250 kg to 500 kg for avoiding the bottleneck, and installment of levelers
and air cylinder gates was still required for the process automation. An alternative model (II) was devel-
oped with adding some assmptions to model (I). The assumptions were 1) the increasement of the aux-
iliary tank capacity for a huller and a brown rice separator, 2) the additional installment of levelers and
air cylinder gates on auxiliary tanks for two whinteners and a polisher, 3) development of a control
logic for fully automatic operation. In the model (II) the pause of unit machine and the bottlenecks in
the process could be perfectly removed, and the frequency of the opening and closing of tank cylinder
gates was also minimized. The automatic system under such conditions of model (II) was needed to the
rice mill plant at CNU for increasing the productivity and the quality in views of cracked and broken
rice due to no bottlenecks of materials and with no pause of the machinery.
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Fig. 1. Level sensors and air cylinder gates of tanks required in the alternative model IL
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Table 1. The comparison of equipments attached to tanks for automation in models
Tank Basic Model Alternative Model (T) Alternative Model (IT)

A B C D A B C D A B C D
Paddy tank O O O O @) ® O
General de-stoner tank O O O
Huller tank O O O O O O O O ® O
Brown rice separator tank O O O O O O o ©
Thickness grader tank O O O
Brown rice tank O O O O O o O
Complex whitener tank O O O [ ] e o
Vertical whitener tank O O O o e O
Color sorter tank O O O
Hi brilliant polisher tank O O O o e O
Polished rice tank O O O O O ® O
Auto vinyl packer tank O O O O O O

A: high leveler B: medium leveler C: low leveler D: air cylinder gate, O: already attached equipment @: newly required

equipment.
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Fig. 2. The flowchart on the control of the brown rice separator tank and paddy tank when the low leveler of brown rice

separator tank is detected upwardly.
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Fig. 3. The sub-network model detecting the level of the tank for the brown rice separator in the alternative model II.

Table 2. The comparison of milling efficiency between the basic model and the alternative model I

Model Polished Rice Hulling Efficiency Milling Efficiency Milled Rice Recovery
kg (%) (%) (%)
Basic Model 14495 81.1 89.50 73.10
Alternative Model (I) 13995 81.7 89.30 73.00
Difference -500 0.6 —0.20 —0.10
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Table 3. The comparison of quantity of foreign materials between the basic model and the alternative model I

Basic Model Alternative Model 1
Machine/(Material i Difference (%
achine/(Material) Tota.l entity Percent (%)  Total entity no.: 3887 Percent (%) 8 %)
no. : 4001
General De-stoner/(Stone) 10 0.25 13 0.334 0.084
Huller/(Husk) 698 17.45 676 174 —0.05
Thickness Grader/(Unripe Grain) 5 0.15 2 0.05 -0.1
De-Stoner/(Stone) 18 045 15 0.39 -0.06
Whitener/(Bran) 183 4.57 213 5.48 0.9
Rotary Sifter/(Broken Rice) 107 2.674 94 24 -0.274
Color Sorter/(Colored Rice) 48 1.2 43 1.11 -0.09
Polisher/(Bran) 8 0.12 8 0.21 0.112
Polisher/(Polished Rice) 2899 73.1 2807 73.0 —-0.1
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Fig. 5. The entity change of the huller auxiliary tank in the alternative model 1.
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Table 4. The comparison of milling efficiency factors between the basic model and the alternative model II
Model Polished Rice Hulling Efficiency Milling Efficiency Milled Rice Recovery
kg (%) (%) (%)
Basic Model 14495 81.1 89.5 73.1
Alternative Model (II) 14560 81.1 90.8 735
Difference 65 0.0 13 0.4

Table 5. The comparison of quantity of foreign materials between the basic model and the alternative model II

Basic Model Alternative Model (I) Diff
. . ifference
Machine/(Material) Total entity Percent Total entity Percent (%G;
no.: 4001 (%) no.: 4000 (%)
General De-Stoner/(Stone) 10 0.25 15 0.375 0.125
Huller/(Husk) 698 17.45 733 18.325 0.875
Thickness Grader/(Unripe Grain) 5 0.15 8 0.2 0.05
De-Stoner/(Stone) 18 0.45 17 0.425 0.025
‘Whitener/(Bran) 183 4.57 268 6.7 2.13
Rotary Sifter/(Broken Rice) 107 2.674 71 1.775 —0.899
Color Sorter/(Colored Rice) 48 12 6 0.15 -1.05
Polisher/(Bran) 8 0.12 9 0.225 0.105
Polisher/(Polished Rice) 2899 73.1 2842 73.5 04
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Fig. 8. The entity change of the paddy tank in the alternative model I
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Fig. 9. The entity change of the huller auxiliary tank in the alternative model 1L
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Fig. 10. The entity change of the brown rice separator auxiliary tank in the alternative model II.

60

ENTITY NUMBER

- O M WM~ O W T MON - OO0 0NN © WS OO - OO0 0N OW S MmN -~ OO @ M~
N MO WM~ OO - O WM~ N < O 0O N I WP O — O WM~ — MW~ @ O O <
— — — — — N AN NN N MMM S T TS SN0 W W N OO0

TIME (min)

Fig. 11. The entity change of the color sorter auxiliary tank in the alternative model II.
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