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Dynamic Analysis of Shattering of Tongil Paddy

7 Sl - (B S
Kang, Young Sun - Chung, Chang Joo

Summary

This study was intended to analyze the dynamic force system which induced the shattering of paddy
grains. A model to predict the shattering of paddy grains was developed, and physical quantities, such as
mass distribution and rigidity of rice plant, needed for evaluating the minimum shattering forces were also
measured. Under the assumption that rice plant right before harvesting is a vibratory system, the mathematical
model of the vibratory system was developed and solved with the varied conditions of forcing functions.

The results of the study were summarized as follows:

1. The shattering of grain occurred at the abscission layer of grain by the bending moments resulted from
the impact force due to the collision of panicles of rice plant.

2. The vibratory model developed for milyang 23 rice variety was analyzed to give the natural frequencies
of 79 Hz, which were closely related with the excitation frequencies of 4-10 Hz caused by various
machine parts besides engine. Thus, avoiding the resonance should be taken into consideration in the
design of the harvesting machinery.

3. It was analyzed to predict the lowest frequency that could develop the shattering when the excitation
force was applied to the lower end of stem. The lowest frequency for the Milyang 23 rice variety
ranged from 8.33 Hz to 11.66 Hz as the amplitude varied from 1 cm to 2.5 cm.

4. The degree of shattering depended upon the magnitude of the impact force and its application point.
For Milyang 23 rice variety, the minimum impact force developing the shattering was 5g¢ when it was
applied at 1 cm above the lower end of stem and 1g¢ when applied at 5 cm above the lower end of stem.

5. The minimum colliding velocity of the panicle, when it was on the ground that would just develop

the shattering was given as follows,

K_t¢2

mg
where V : The colliding velocity of the panicle against ground to cause the shatteering of rice grain,

V=

(cm/sec)

Kt¢: The minimum spring constant for bending at the abscission layer of grain. (dyne-cm/
rad)

¢ : The minimum shattering angle of grain (rad)

mg: The maximum mass of grain. (g)
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Fig. 1. The structure of rice grain and inertia force exerted on grain
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Fig. 2. Impact force due to collision in panicle of grain
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Fig. 3. Schematic diagram of the experimental
device for obtaining the spring constant
for bending of a pedicel

Fig. 4. Schematic diagram of the experimental

device for obtaining the frequency deve-
loping the shattering
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Table 1. The physical properties of Milyang 23 and Minehikari

Variety

) Milyang 23 Minehikari
Item (unit)
M, (x) (g / cm) —0.0208 xX—0.0494+0.00203 XL —0.000775xX—0.03814+0.00112 XL
M, (g) —5.284+0.039 x L+0.203 X Lb 0.219 XL.b—0.931

El,(x) (dyne—cm®)

El, (dyne —cm?) —0.556E6+35513 XLb

—90813 x X+0.153E6 XxL—0.716 E7

—66406 x X +0.17E6 X L—0.102E8
—0.305E6 +26155 X L.

(% Float decimal notation ; 1E5=1.0x10%)

Table 2. Dimensions for the grain and the ped-
icel of Milyang

Item {(unit) Mean Max Min
a (cm) 0.83 0.88 | 0.76
b (cm) 0.31 { 0.32 | 0.28
¢ (em) 0.22 | 0.23 1 0.19
Lp (em) 0.30 | 0.35 | 0.19
mg (e) 0.032 | 0.033| 0.027
K. (dyne-cem/rad) 6025 | 10535 | 2687
St (dyne-cm/rad) 4424 6203 | 2694
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Fig. 5. Notation for developing the theoretical model of rice
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Fig. 7. Rice plant before harvesting
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Fig. 9. Extrnaleforce exerted on the idealized
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Fig.8. Theoretical model of rice plant before

harvesting
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Table 5. Natural frequencies and Modes of the rice varieties obtained by theretical computation

Variety Milyang 23
Material No. 1 2
Natural freq. (Hz) 0.11 2.15 7.7 14.56 0.09 2.20 .73 18.06
1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
Natural Mode —0.08 1. 959 —0.13 —1.51 —0.16 1.231 —0.35 —0.90
0.016 —0.47 —1.87 0. 162 0. 059 —0.70 —1.50 0.319
—. 003 0.116 0.498 7.388 —0.02 0. 267 0.720 4,380
Variety Minehikari
Material No.
Natural freq. (Hz) 0.14 2.00 7.00 15.27 0.11 7.75 7.75 16.51
1. 000 1. 000 1. 000 1. 0600 1. 000 1. 000 1. 000 1. 000
Natural Mode —0.33 0. 586 —2.05 —0.85 —0.57 0. 475 —6.85 —1.18
0.188 —0.67 —2.02 —18.9 0.397 —0.67 —5.13 —5.78
—0.11 0. 490 2,154 —19.4 —0.26 0.553 7.272 —3.84
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Fig. 11. Base motion model
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Table 6. Velocity of the neck and end points of panicle for the forcing frequency with lcm amplitude.

(neck, end) (cm / sec)

forcing (Hz) 5.00 8.33 11. 66 15. 00
freq. (rpm) 300 500 700 900

Time (sec)

0.10 (52, 22) (96,31 (182,4) ( 266, 4)
0.20 (3,73) ( 117, 45) (65, 125) ( 258,58)
0.40 (28, 36) (138,1225) (-8,125) (  387,-7)
0.60 (10, 57) (2% ,-886) (182,27) ( 731, -262)
0.80 (19, 46) (-85,1447) (31, 109) ( 915, -384)
1.00 (13, 34) ( 17,55) ( 74,47) (1091, -534)
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Table 7. Acceleration of the neck and end points of panicle for the forcing frequency with lem

amplitude (neck, end) {em / sec?)
forcing (Hz) 8.33 11.66 15.00
freq. (rpm) 500 700 900
Time (sec)

0.10 ( -805,899) (-7756, 5087) (-16080, 10235)
0.20 ( 4872, -2889) (-3366, 2155) (25955, -14960)
0.40 ( -2163, 1061) (8439, -5403) (44748, -27359)
0.60 ( -4444, 3131) (1105, - 255) (44839, -26452)
0.80 (13056, -8574) (138, -652) (36979, -22861)
1.00 (13104, 8499) (2539, -1130) ( 8923, -4951)

Fig.12. Panicle of rice plant in motion
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Table

8. Predicted lowest frequency that would
cause shattering for the given ampli-
tude of forced vibration acting on the
end of the stem of rice plant

Amplitude (em) [0.5] 1.0 1.5 2.0 | 2.5

(Hz) | — | 11.66|11.66 | 10.00] 8.33
Frequenc
ﬁpm) - 7001 700 600 300

Ct. E718a 0l JtelXl= #%H

Fr1E el MERNE G ASERA, EEHE ¥
718 NEGEHs #8E FAE 5 5 Aok ol 4 &
879 3718 Ameolzt st K16 p(x, ) =

p(x,t) = Am - §(1) - §(x—a) 28

o] 7]l 4 § : Dirac's delta function
px, t) 7} KR@gzt Zo] riEs & A K164 w4
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Table 9. Velocity of the neck and end peints of panicle simulated with the varied position of lg;

impact force (neck, end) (em / sec)
Acting. pt. {cm)
Time (sec) 3 4 °

0.1 (-111, 82) (-146, 107) (-178,132)
0.2 (171, -60) ( 225,-79) {277, -96)
0.3 -44,62) ( -57,81) ( 569, 100)
0.4 ¢ 7,0 ) ( 81) ( 9,2)
0.5 ( -39, 20) ( -51,27) ( -63,33)
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Fig. 13. Idealized vibratory system having impa-
ct force that exerted on varied positio-
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Table 10. Predicted lowest height from ground
that would cause shattering for the
given impact force acting on the stem
of rice plant

Force (gj ) 1 2 3 4 5

Height (cm) 5 3 2 2 1
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Table 11. Predicted velocity that would develop
the shattering just before colliding ag-

ainst the ground (cm / sec)

Min. Mean Max.
#H==50° 274 417 600
$a=30" 149 227 327
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