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Dévelopment of Method for Measuring the Grain

Separating Performance of Threshers
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Sung Kyu Lee - Chang Joo Chung

Summary

This study was intended to develop a method for measuring the grain
separating performance of threshers. The grain separating apparatus used for
the experiment was designed and constructed, the function of which was to
separate pneumatically mature and immature grain, chaff, straw, dust, and
other impurities from the products of threshing. The apparatus has five
material outlets where grains and impurities are fallen down by separation
depending upon the specific gravity of the material while it moves above the
outlets. The principle of design was to separate the mixture of mature grain,
immature grain and chaff as distinct as pbssible, and to induce the mature -
grains onto the first outlet, the immature grains onto the second and the
third, and the straw wastes onto the forth and the fifth outlets. The developed
apparatus was tested to evaluate its separating performance with two rice
varieties (Tongil and Mine-hikari) at different moisture levels and air velocities.
The optimum conditions for operating the apparatus were found from
experiment.

The results are summarized as follows;

"1, The degrees of separation, especially the amount of immature grain
contained in the mature paddy, were dependent upon air speed delivered. The
optimum air velocities for this apparatus for each levels of grain moisture
contents were found from a series of experiments as follows; 14, 7-15 3m/sec.
for grain of 16 percent moisture content in wet basis, 15 3-16 0 m/sec. for
20 percent, and 16,0-16,4 m/sec for 24 percent.

2. Composition ratios determined based on the brine separating method was
fairly well acted upon the developed apparatus, indicating its recollecting‘
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rate of the mature grains as 97,6 to 99,9 percent. The developed separatus
acted similarly upon the two rice varieties which had different composition
of immature paddy grain. In other words, the separating performance by the
apparatus had a good correlation with the one by the brine separating method.
3, As immature grains were separated out unsatisfactory in these experi-
ments than the brine separating method, further investigation may be
needed to improve a separating performance of these materials. But the -
results obtained suggested a ~possibility of using the tester to replacé the
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current hand separating method, ther eby enabling more consistent test

results and also _eliminating nearly all costly hand seperating operations.
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Fig. 1, Grain separating apparatus
developed.

Fig. 2, Divice used for regulating
and measuring air velocity
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Fig. 3. Schematic diagrnm of test
apparatus(unit; mm)

THES A3 b EHEe] 8e6mm o LER B,
He sk HEle kFBEe] wEEslEE g
=}, '

E HADY 1BO(ERER D)4 £ 3X3mmid
o2 JEfESIA T, ‘

Rty thEel =tel HFTEF T oF25]  Fol
BEBEE okel ol 2BOY 3IJOCRBIMDE RE
st Mg S, WEY ¢ dA stdon #f
BHsE T H5d = 10X 10mm #§8 KEskel whg
2 o] e @l WA oA dgen ol @

Minimun
Nomenclature Range | reading | Remarks
I scale
Sampling divider =2 2A) 2
. shot ab-g-
Moisture coutent {10~30%
determinator W.b Kett=l 7] A
B4 :
Infra-red moisture C~100g | 10mg
balance ' !
7t 3 =
Drying oven 2 i 1,200W
180°C
Direct reading .
balance 0~160g | img
Baume hydrometer
0~30
Stop watch min} 0. 2sec \
i

-3658-



BEse REERES Eshe 5k PR W WR

o AT AEL HUd REBEEY 4FO FoA=
£ 3, = e FBAT AL AEd =2xE
eggslsl st Y BAMRIC 5BOE RESS
I 2E HEE 2y Efez Ry $Es 84
2 ZFo]7 $istd BEG KitEel EESA

Bl FAE AERR EES #ote Table
13} 2o}, .

2. XBAE

FREERCl BEe PA: BERVMEY BEES R
o2 AE BYMY LEEES Jbdes EEN
ERe] & RES A AKE BESS 5
471 gEd A ERIAE Rl K% 2 BX
& P wEstdod & BHE K Table2

- Table-2, Expeimental design for testing grain separating apparatus*
Tong-il Variety Minehikari Variety
Moisture . R Moisturo s .
Test No. content f(\:; / vilomty Test No. content Air velocity
(%.w.b.) sec) (%.w.b.) (m/sec)
T—16—1 16.1 13.3 M—16—1 16.1 13.3
T—16—2 " 14.0 M—16—2 " 14.0
T—16—-3 ” 14,7 M—16—-3 ” 14.7
T—16—4 " 15.3 M—16—4 , " 15.3
T—20—1 19.8 14,0 M—20—1 19.7 14.0
- T—20-2 " 14.7 M—20-—-2 " 14.7
T—20-3 [ 15.3 M—20-—-3 " 15.3
T—20—4 ” 16.0 M—20—4 . " 16.0
T—24—1 23.7 14.7 M—24—1 23.6 14.7
T—24—2 ) " 15.3 M—24-2 " 15.3
T—24—3 " 16.0 M—24-3 ) " 16.0
T—24—4 " 16.7 M—24—4 " - 16.7

* 2 Replication
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EET BREES gﬂom Flow Chart 2 Fimit
#A¢) Fig 5o c},

E REr &% 2XEREIA oA LlEAA
| 2nd 3rd | A4th and 5th
Ist outlet | 2nd and 3r an Total weight of treshed materials
outlet outlet
M, M, M,
l l l l l l l l l A: rough rice
B: immature grain
‘C‘y IA’ B.|Ca| lA’lB' C’\ ' C: straw wasté
. Definition of various
Outlet Item Weight separating efficiencied. (%)
rough rice A, N.4:=(4,/A) X100
1st outlet - immature grain B, 78:.=(B,/B) X100
straw waste Cy 7¢1=(C,/C) X100
rough rice . A n.4:=(A;/A) X100
2nd &3rd outlet | immature grain B. 7ps=(B,y/B) X100
straw waste C, 7c2=(C/C) X100
rough rice A, 7.40= (A,/A) X 100
4th & 5th outlet immature grain B, 78y= (B,/B) %100
straw waste Cs Ncs=(C,/C) X100

M=A+B+C=M+M,+M,

A=A, +A,+A, B=B,4B,+B, C= C|+C:+Ca

Fig. 5, Methods of sampling and definition of separating efficiencies.
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Table-3, Compesition of feed materials,
(%) by weight.
(A ¢:)) ©
Test No. Rough- Immature| Straw
ripe grain | waste

T16—1 78.39 15.52 6.09
T16—2 78.84 15,21 5.95
T16—3 79.59 14.44 5.97
Ti6—4 79.07 14. 81 6.12
T20—1 79.29 14.56 6.15
T20—2 78.99 15.05 5.96
T20—3 80. 92 14.30 4.78
T20—4 80. 95 13.9¢ 5.09
T24—1 79.58 . 14.21 6.21
T24—2 79. 40 15,28 5.32
T24—3 , 80. 20 14. 67 5.13
T24—4 79. 55 14,29 6.16
M16—1 I 919 3,86 4.18
Mi6—2 92.45 3,65 3.90
M16—3 92.35 3.90 3.75
Ml6—4 92.04 3.75 4.21
M20—1 91.63 4,00 4.37
M20—2 92,33 3.79 3.88
M20—3 92.20 3.66 4.14
M20—4 - 91.85 3,88 4.27
M24—1 1 9217 3.76 4.07
M24—2 ' 92.27 3,71 4,02
M24—3 92. 69 3.58 3.73
M24—4 92.33 3.84 3.83
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Table-4, Compositions of grains after separation test, percentage by weight and various
separating efficiency.

1set Out-let

| 2nd & 3rd Out-let

4th & 5th Out-let Newtons M2EUTe [1oyrit-

separat-8rain Inj.

Air velocity (m/sec)

Fig. 8, Mature paddy grain collected in
the immature grain outle (7A),)
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Test No. Rpugh Immatp Straw Rpugh Immatp Straw R_ough {x&l;ga ’Straw iqg effi- }:: glflt' removing
| rice re grainjwaste | rice re grainjwaste rice : |waste ciency heinput efficiency

(4D | @B |0 | (4D | Bn |(nCa) (04§18 [(nCa) | Ny [REPHY (B
Tlé—-]' 99.91 v 72.42) 0.82 0. 09 27.58) 1.64 0 0| 97.54 27.49 87. 40 41,69
CT16—2)  99.49 60.32} 0.17 0.5 39, 48] 0.50 1" n} 99.331  39.17 89. 51 50. 49
T16=3 99.15 43,50 0.17 0.85 56,471 0,50 " n)| 99.33 55.62 92. 61 63.79
T16—4 98. 66 23,84/ 0.00 1.34 76,160 1.3} . n 1| 98.69, 74.82 95.67 79.31
T 20—1 99.92 59.64] 0.65 0.08 40,36 2.28 n nl 97. 07'j 40,28 90. 08 52.10
T20—2 -99.59] . 53.62) 0.34) 0.41) 46,38 4.19 iw| 95.47)  45.97)  90.68] 55,64
T20--3 98. 88 42,23, 0.00 1.12 57.97 4. 39 i iy 95,61 56.85 93.00 63.36
T20<4 98, 43 35,39 0.00[ 1.57 69.61] 1.96 " n!l 98, 04' 63. 04 Q4.16 69. 34
T24—1 99, 84 58.41) 0. 64|, 0.16 41,59 1,29 I nt 98.07 41,43 90. 50 53.48
T 24--2 99. 56 50.95] 0.75 0. 44 49, 65 1. 88| 1" in| 97.37 48. 61 90. 99, 56. 26
T24--3 98. 53 43.08| 0.58 1. 47| 56.92( 4,68 " w| 94.74 55.45 92.56 62,42
'T 24—4 97. 59 35.90, 0.00 2.41 64.10] 1. 46 " nt 98,54 61, 69 93. 80 69. 68
M16-—1 99.97, 72,28 0. 24 0.03 27.72] 8.37 " n| 91.39 27. 69, 97.04 63.18
M16—2; 99,99 65.03] 0.26 0.01 34. 97] = 3. 59 " 1] 96.15 34,96 97.48 66, 62
M16—-3 7.53 52,17} 0.00 0.47 47,83 1,33 | n| 98.67 47.36 97.83 71.63
M16—4 98.94 23.94] 0.00 1706 76.06 1.19 " nl-98.81 75. 00 99.02 87. 69
M20—1 99.90 76.501 1.14 0.10 23,50 3.89 " nl| 94.97 23,40 96.71 60. 69
M20—-2 99. 69 60531 0.00 0.31 3‘9.47 4,12 " n|. 95.88 39,16 97.56] - 68.19
M20-3 99. 28 41,96| 0,00 0.72 58.04{ 3,62 " 1| 96.38 57.32 98. 35 78.85
M20—4) 98.80 22.68] 0.00[ - '1.20 77.320 6. 56 " il 93,44 76.12 ’ 99. 04 88. 22
M24—1 99. 82 63.83 0.49 0.18 36,17 4; 67 " nj 94. 84 35.99 97.44 67.56
M24—2] 99.61 51.75] 0.25 0.39] 48.25 5.22 " n| 94.53] 47.86 97. 94, 73.35
, MZA—B} 98. 87| 36.31 0.00 113 63. 69 1.34 " 1| 98,66 62.56 98. 60 80. 85
M24—41 97. 94 22.86 0.00 2.06 77,14 1.04 " | 98.96 75.08 99. 04 87.48
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Teble-5, Summary of linear regression analysis.

Moisture
Variety Content Item Equation of regression line t value

(%,w.b)

6.1 74, | 7=—8.04040.6100x 7.7510:

7B, 1 7=2395.2490—24, 0923 x 13. 2660 %

Tong-il 19.8 54, | 7=—11.015540,7872x 6. 0694 %

7B, | 7=237.6845—12. 6503 x 6. 77543 %

2.7 74, | 7=—17.200741.1691 x 2.0139:

7B, | 7=221.3540—11.1217x 7,413
161 74, | 7=—6.883140.5058% 4.6904 %
7B, | 7=388.27—23.3700x 6.701 13
Minehikari 19.7 ) 7A; | 9=-—7.500740, 5378 x 7.6829R 7

7B, 7=459. 388027, 2652 x 1.1914N.S

e 74, | 9=—13.230440.9021 x 4,677k

7B, | 7=366.5828—20. 5997 x 11. 54633

% 7=b+bex, where =74, OF 75,
X =air velocity(m/sec)

9 T
! ]
Variety : Minehikari
~,0:16,1% m.c.
d c---, X1:19,7% m.C.
—=—,A23.6%m.c.
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Fig. 9. Immature grain collected in the
mature grain outlet (7B,

88.2% BER oH oA FE EE st Bin
shgieh

A PRAAE b 7 28 BAE A5
o] =2 BREAM ¥ 8y BB BL BEF
BE wE ANt SkEz £8 B BHE

o HAEEE RESL 2 BEAAY BE RE
& BESHe] Table 6o Fmthglens] o« REMK
E & ()% Newtons] H%E(y)Y HEH
e 50%2 ¢t WE EEE REY AL £ K
BERIT BYRFRES: KB Eod FEY
L2 T ERE ZE HKRERA K HHE A
o Eolet, -

Held K #EY BEE EE EEud w2A

stel e —k BRIY % 2 3 4BOY H£RY
g dgssle] ERERSIE HAES ¥4t BEA

2] KBNS B T 4+ de Aoz AMiElnz o
ol BRE EEko] B},

a3 REEe BAIMERNEN AL E2R B
ol otz HEE BilA odx AR KA BES
H3 Q& BEMAA B KRERS BIEES
EHs) EBFY Azl A== REE BIHERE
AES EHEst éﬁftﬂ] a7 elukx] & + d&
Table-¢, Optimum air Velocity for grain

Separating apparatus.

Grain Optimum air ( R
condition” | velocity(m/sec), Limitation
16% M.C | 14.7~15.3  74:98%, 75:50%
20% M.C 15.3~16.0 \WN:SO%, 70:92%
24% M.C

16.0~16.4  |9pci60%
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a2 BHENY FEFES EED R s
2o gHme 22 +7 k.
L1k BmRsEY mAMEe EE pEe A
o= wed #4el SKEIE AL HFL 3
e o 471 dgod B 4Kk 4E AR
Bl BE FES Ry KR, SKE 16%E2E

¥d] 9ol &= 14,7~15, 3m/sec., 20%9 ¥ <]
o4 15.3~16,0m/sec., 24%4 ¥l iel4:
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