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Simulation and Automation of a Rice Mill Plant (I)
— Development of Simulation Model

Jong Hoon Chung and Gi O Youm

Department of Biosystems and Agricultural Engineering,
Chonnam National University

Abstract

A rice mill plant with a capacity of 2.5 ton/hr was constructed with automated facilities of PLC, load
cells, tank levelers, air cylinder gates, etc at Chonnam National University. A simulation model was
developed with SLAMSYSTEM for evaluating and analyzing the rice mill plant and its automation. The
developed model was validated in the views of hulling efficiency, milling efficiency, milled rice recov-
ery, other materials produced, and bottlenecks in the processes. The results of hulling efficiency, milling
efficiency, milled rice recovery in the simulation were, respectively, 81.1%, 89.5%, and 73.1%, while
those of the actual mill plant were 81.5%, 90.2%, and 73.5%. The simulation results including the rates
of other materials(chaff, bran, broken rice, stone, etc) produced in the processes were almost similar to
those of the actual process. In the simulation the bottlenecks were shown in the processes of separating
brown rice and of sorting colored rice. These phenomena also appeared in the actual process. It needed
to increase the hourly capacity of the brown rice separator and the rice color sorter. The developed
model could weil express the automated rice mill plant, but an alternative model needed to be developed

for the control of the system more accurately and for increasing the rice quality.
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Fig. 1. The block diagram of the rice milling plant at CNU.
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Table 1. Machinery of a rice mill plant at Chonnam
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Maximum  Capacity

Machinery Model capacity used
Book Sung,
Paddy cleaner batch type 20t/ 25th
General de-stoner Kook Gwang 6.0 th 25th
Myung Jin
Huller MIH.SBCA 4.5th 30th
Screen sorter Book Sung 40th 3.0th
Brown rice st:paratorDaeryle 40th 3.0th
tray type
Thickness grader 1 V0 RO@ry 40th  30th
screeners
Brown rice
de-stoner Kook Gwang 4.0th 3.0t¢h
. Complex,
Complex whitener Book Sung 4.0th 2.1th
Vertical whitener ~HRW-4 40th 20th
Rotary sifter HRS-400 4.0th 2.0th
Color sorter DCS-98540 27th 1.2th
Sy . Bo Chun
Hi-brilliant polisher BCPWJ-2400 30th 20th
SI-20F,
Impact feeder Se Jin Tech. 20 th 20th
Auto vinyl packer  Se Jin Tech. 1.8th 1.8 th
0
W" huller tank
paddy tank dautonor
tank
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Fig. 2. The sensors and air cylinder gates attached to main and auxiliary tanks.
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Fig. 3. A part of the main network in the basic model.
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Fig. 4. The sub-network in the basic model.
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Fig. 5. A part of the control network in the basic model.
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Table 2. The comparison of milling efficiency factors
between experimental results and simulation resuits

Milling efficiency  Experimental Simulation Difference

factors resuits (%)  results (%) (%)
Hulling efficiency 81.5 81.1 -04
Milling efficiency 90.2 89.5 0.7
Milled rice recovery 735 73.1 -0.4
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Fig. 8. The entity change of the brown rice separator auxiliary tank in the basic model.
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Table 3. The comparison of quantity of materials between experimental results and simulation results
Experimental results Simulation results Difference
Machine/(Materials) Quantity Percent Quantity Percent &3‘1
kg) (%) (kg) (%)
General de-stoner/(Stone) 0.649 0.03 50 0.025 -0.05
Huller/(Husk) 390.9 17.8 3490 17.45 -0.35
Thickness grader/(Unripe grain) 12.379 0.58 90 045 -0.13
De-stoner/(Stone) 1.54 0.07 25 0.13 0.06
Whitener/(Bran) 98.78 4.5 915 4.58 0.08
Rotary sifter/(Broken rice) 549 2.5 535 2.68 0,18
Color sorter/(Colored rice) 15.37 0.7 240 1.20 0.5
Polisher/(Bran) 3.70 0.169 40 0.20 0.031
Polisher/(Polished rice) 1598 73.5 014495 73.1 ~0.4
Total weight (kg) 2195 100 20000 100
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