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Summary

Rough rice is subjected to a series of static and dynamic forces during mechanical harvesting, handling and proce-
ssing operations. The mechanical properties such as bioyield point, compressive strength, and deformations at the

bioyield point and rupture point are important engineering data needed to develop processing machines and to dete-
rmine reasonable operating conditions for these machines.
The objectives of this study were to determine the mechanical properties of the rough rice kernel at loading rate

of 0.664 mm,” min and 1.673 mm,”min and at various moisture contents, and to examine the effect of the moisture
content and the loading rate on these mechanical properties.
The follwing results were obtained from the study.

1. Bioyield point, rupture point, bioyield strength and ultimate strength of the rough rice kernel generally decrea-

sed in magnitude with an increase in moisture content. A little larger values of these mechanical properties were

obtained at the higher loading rate. The rough rice variety and the loading rate affected significantly these mechani-
cal properties at low moisture content, but not at the higher moisture levels.

2. Bioyield point of the sample grains varied from 20 to 80 N, and rupture point varied from 45 to 130N. Bioyield

point for Japonica- type rough rice was a little higher than that for Indica-type rough rice, but there were little differ-
nces in rupture point between two types of rough rice.

from 15 MPa. to 53 MPa. respectively.

3. Bioyield strength and ultimate strength of the Japonica—type rough rice varied from 10 MPa. to 39 MPa,, and
from 13 MPa. to 45 MPa. respectively. Those of the Indica-type rough rice varied from 12 MPa. to 42 MPa., and

4. Deformations at bioyield point and rupture point ranged from 0.18 mm/ min to 0.26 Mm, and from 0.28 mm to

0.53mm respectively. These deformations decreased with an increase in moisture content up to moisture content of
approximately 17% (w.b.) and increased again thereafter.
ction of moisture content.
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5. Regression equations were developed to predict these mechanical properties for the rough rice kernel as a fun-
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Fig. 1. Schematic diagram of compression test apparatus.
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Table 1. Specifications of compression test apparatus and measuring system.

Item Specification Remarks
Computer 32 bit, CPU 2MB memory model, 386
(65 MB Hard disk)
A/D converter 16 channels PCL-712

Amplifier

Load cell 200 kg capacity

LVDT 0.01(1/100)mm readability
V/S motor

S.R. mechanism

6 channels, 2 V excitation

180 V—11 Amps— 1750 rpm
1/180 reduction

Kyowa, CO—50ET
Kyowa, LU~ 200KE
Kyowa, DT —20D

EAR WAE 13~25% (wbh) B HolAM 4 =7
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Fig. 2. Effect of moisture content on bioyield point

of the rough rice at loading rate, 0.664mm, min.
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Fig. 3. Effect of moisture content on bioyield point
of the rough rice at loading rate, 1.673mm,” min.
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Table 2. Regression equations of bioyield point of the rough rice as a function of moisture content.

Variety LR Regression equation r
0.664 BP=227.2181—16.2056 M +0.3195 M?® 0.9958
Akibare
1.673 BP=239.4165—16.8686 M +0.3329 M* 0.9821
0.664 BP=2319.9545—16.2459 M +0.5843 M? 0.9330
Daecheong
1.673 BP=315.0718—25.0584 M +0.5522 M? 0.9748
0.664 BP=260.9734—19.6731 M +0.4069 M? 0.9487
Japonica
1673 BP=264.6932—19.4267 M +0.3980 M? 0.9675
0.664 BP=179.8816—11.9529 M +0.2342 M* 0.9984
Samkang
1673 BP=233.4905—16.8874 M +0.3393 M* 0.9954
0.664 BP=177.8936—11.6363 M +0.2163 M? 0.9986
Wonpung
1.673 BP=196.0834—13.2245 M +0.2498 M? 0.9996
Indi 0.664 BP=178.6088—11.7571 M +0.2241 M? 0.9870
ndica
1673 BP=215.6795—15.1411 M +0.2966 M? 0.9870

Note : M=Moisture content, % (w.b.), BP=Bioyield point, N, L.R=Loading rate, ™, min
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Fig. 5. Effect of moisture content on bioyield strength

of the rough rice at loading rate, 0.664 mm, min.
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Table 3. Regression equations of bioyield strength of the rough rice as a function of moisture content.

Variety LR Regression equation el
0.664 BS=106.3441— 7.1301 M + 0.1301 M? 0.9995
Akibare
1.673 BS=116.2455— 7.7549 M + 0.1418 M? 0.9995
0.664 BS=145.6490—11.5113 M + 0.2458 M?* 0.9824
Daecheong
1.673 BS=146.3517—11.3105 M + 0.2398 M? 0.9906
0.664 BS=121.0754— 8.7218 M + 0.1707 M? 0.9882
Japonica
1.673 BS=1255975— 88552 M + 0.1716 M* 0.9937
0.664 BS5=116.1701— 81047 M + 0.1587 M?® 0.9980
Samkang
1.673 BS=145.1384—10.5898 M + 0.2093 M? 0.9980
0.664 BS=101.5323— 6.5373 M + 0.1155 M? 0.9999
Wonpung
1.673 BS=115.1875— 7.8371 M + 0.1452 M’ 0.9998
Indi 0.664 BS=109.0045— 7.3309 M + 0.1372 M? 0.9952
ndica
1.673 BS=131.1680— 9.3120 M + 0.1795 M?® 0.9891
Note . M=Moisture content, % (w.b.), BS=Bioyield strength, 10°Pa, L.R=Loading rate, mm min
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Table 4. Regression equations of rupture point of the rough rice as a function of moisture content.

Variety LR Regression equation r
0.664 RP=232.0258 ~14.6318 M + 0.2884 M? 0.9965
Akibare -
1.673 RP=2489182—15.6259 M +0.3012 M? 09782
0.664 RP=374.7592—27.5352 M +0.5955 M? 0.9910
Daecheong
1.673 RP=363.4947—24.5809 M +0.5073 M? 09113
0.664 RP=293.1762—19.6336 M +0.3940 M? 0.8479
Japonica
1673 RP=296.6688 — 18.6869 M +0.3584 M? 0.7518
0.664 RP=344.8303—25.0115 M +0.5207 M? 0.9824
Samkang
1.673 RP=325.7551—21.7951 M +0.4363 M? 0.9338
0.664 RP=249.9494—15.0500 M +0.2851 M? 0.9876
Wonpung
1.673 BP=206.8330— 9.8393 M +0.1553 M? 0.9516
I 0.664 RP=299.0748 —20.2031 M +0.4073 M? 0.9634
ndica
1673 RP=269.0858—16.0978 M +0.3028 M? 0.9076

Note : M=Moisture content, % (w.b.), RP=Rupture point, N, L.R=Loading rate, "m/ min
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Table 5. Regression equations of ultimate strength of the rough rice as a function of moisture content.

Variety LR Regression equation r?
0.664 US= 73.4391— 34272 M + 0.0414 M? 0.9822
Akibare )
1.673 US= 92.2409— 5.0731 M + 0.0779 M? 09732
0.664 US=153.6677—11.5610 M + 0.2449 M* 0.9591
Daecheong
1.673 US=141.3458— 9.5566 M + 0.1857 M? 0.9792
0.664 US=107.7768—6.7323 M + 0.1200 M? 0.9398
Japonica
1673 US=113.7247— 6.8727 M + 0.1176 M? 09111
0.664 US=168.5321—12.1832 M + 0.2420 M? 0.9939
Samkang
1.673 US=186.4801—13.4883 M + 0.2688 M? 0.9850
0.664 US=116.0885— 6.7969 M + 0.1139 M* 0.9999
Wonpung -
1.673 US=116.9895— 6.7511 M + 0.1116 M? 0.9987
0.664 US=143.4114— 9.6003 M + 0.1807 M? 0.9876
Indica
1.673 US=153.6964—10.3150 M + 0.1949 M?* 0.9707

Note : M=Moisture content, % (w.b.), US=Ultimate strength, 10°Pa, L.R=Loading rate, mm/ min
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Table. 6. Regression equations of deformation at bioyield point of the rough rice as a function of moisture content.

Variety LR Regression equation r
0.664 DB=0.4872—0.0322 M + 89514 M X 10" M? 0.9992
Akibare
1.673 DB=0.4225—0.0258 M + 7.5357X10* M? 0.9314
0.664 DB=0.4992-0.0363 M + 1.0756 X10*M? 0.9173
Daecheong
1.673 DB=0.3674—0.0216 M + 7.0354X10* M? 09131
0.664 DB=0.4545—0.0298 M + 8.6100 X10*M? 0.8647
Japonica
1.673 DB=0.3690—0.0207 M + 6.4602X10* M? 0.8572
0.664 DB=0.2082—0.0044 M + 22256 X10*M? 0.9630
Samkang
1.673 DB=0.3034—0.0166 M + 5.4701X10* M? 0.9861
0.664 DB=0.3531—0.0199 M + 6.0625 X10* M? 0.9686
Wonpung
1.673 DB=0.3031—0.0138 M + 4.4121X10* M? 0.9961
Indi 0.664 DB=0.2783—0.0119 M + 4.1361 X10*M? 0.9232
ndica
1.673 DB=0.2996-0.0148 M + 4.8507X10* M? 0.9065

Note ; M=Moisture content, % (w.b.), DB=Deformation at the bioyield point, mm, L.R=Loading rate, "™ min

Table. 7. Regression equations of deformation at rupture point of the rough rice as a function of moisture content.

Variety LR Regression equation ?
0.664 DR=1.1667—0.9994 M + 2.8766 X10°M? 0.9866
Akibare ‘
1.673 DR=1.0583—0.0837 M + 2.4496 X107 M? 0.9972
0.664 DR=0.6434—0.0528 M + 19399 X103 M? 0.9074
Daecheong
1.673 DR=0.3356—0.0093 M + 6.9717X10* M? 0.9258
0.664 DR=0.8203-0.0668 M + 2.1601 X10*M? 0.8758
Japonica
1.673 DR=0.6693—0.0437 M + 1.5045X10°M? 0.8474
0.664 DR=04736—0.0289 M + 1.1426 X10°M? 0.9901
Samkang ;
1.673 DR=0.3318~0.0171 M + 9.8522x<10* M? 0.9857
0.664 DR=0.5988—0.0409 M + 14056 X10°M? 0.9813
Wonpung
1.673 DR=0.5960—1.0409 M + 1.4010X10° M? 0.9751
0.664 DR=05322—0.0345 M + 1.2638 X10°M? 0.9232
Indica
1.673 DR=0.4527—0.0277 M -+ 1.1592X 10" M? 0.9252

Note : M= Moisture content, % (w.b.), DR=Deformation at the rupture point, mm, L.R=_Loading rate, mn,” min
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