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Experimental Study on Development of Oscillating Sieve Separation
Method for Improving Threshing Performance
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Summary

To modernize the conventional rice post production technology and reduce grain
losses, a transition toward the wet-paddy threshing system has been strongly demanded.
The head-feeding type thresher with pneumatic separation has been used dominantly
for threshing dried-paddy, but some adverse effects in separation performance for
threshing wet-paddy is encounterred. In order to solve the problems, the development
of thresher with an additional oscillating sieve to the conventional pneumatic separation
has been recommanded.

This study was intended to evaluate the separating performance of thresher with
oscillating sieve which was attached additionally to the conventional auto-thresher
equipped with separation system of blower and suction fan. For different feed rates
and rice varieties, wet- and dry-material were tested with threshers attached with and
without oscillating sieve.

Results of the study are summarized as follows:

1. When the feed rates were 480 and 640 kg/hr, there was no statistically significant
difference in power reqirements between the threshers with and without an
additional sieve device for both dry-and wet-threshing. However, when the feed
rate was 960 kg/hr, power requirements of thresher without sieve were greater
for wet-paddy threshing than the thresher with the additional sieve separator by
about 20% points.

2. With additional oscillating sieve device, the ratios of total weights of whole grains
including grains with branchlet and damaged grains to the total output did not
show statistical difference among the feed rates. However, with pneumatic separa-
tion the ratio was decreased as the level of feed rate increased.

3. The total amount of grains with branchlet (including broken panicle) increased
with the moisture content. For both the wet-and dry-material threshing with the
additional oscillating sieve, the percent of grains with branchlet to the total output
decreased greatly as the feed rate increased.

4. The output of the damaged grains increased as moisture content decreased.
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Especially, for the dry-paddy threshing, the additional sieve separating device

produced more damaged grains than the pneumatic separation at all feed rates.
5. Generally, for dry paddy threshing, the separating performance of the thresher with

the additional sieve device was better at all feed rates, showing greater difference

with increasing feed rates.

6. Separating losses were greater with the pneumatic than sieve separation for both

the wet-and dry-threshing.

7. The overall comparison of separating performance of threshers tested with and

without an additional sieve device showed that the former was more effective than
the latter for the dry-material threshing. However, for the wet-paddy threshing,

the separation performance with a sieve device was better than the pneumatic only

when the feed rate was high.
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Fig. 1. Paths of surface points on the grain i)an.
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1. Crank
2. Grain pan
3. Crimp wire mesh
4. Suspended link
Fig. 2. Schematic diagram of the sieve

separation apparatus used for the
eXperiment
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Length : 280mm

Width : 480mm
Fig. 3. (b) Shape of rack on the grain
pan used for the experiment.
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1. Conveyor
Width ; 470mm 2. Fan
Fig. 3. (a) Shape of crimp wire mesh 3
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. Vibrating sieve
. Grain guide plate
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THEAA B BHFoz ALE BREES] Fig. 4. Schematic drawing of the oscillating
AAE HiEe Jehy sieve used for lab. test



Fig. 5. Apparatus used for the lab. test
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Teble 1. Agronomic data of the paddy used
in the experiment.

Sowing Trans- 50%
Variety Date planting' Heading
Date Date
April 15, May 31. Aug. 20.
Kwandong 1980 1980 1980
i April 15. May 31. Aug. 20,
Milyang 23 1980 1980 1980
Yield Column | Panicle No. of
(kg/10a) length length | panicle/hill
(mm) (mm)
4,850 & 700 | 166 20,1
6,090 | 610 ’ 212 13.0
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1. Chaff outlet 2. Fan 3. Control board
4. Second cylinder 5. Cover g. Control
board 7. Knife 8. Threshing tooth 9.
Cylinder 10. Cover 11. Feeding chain
12. Feeding rail 13. Spring box 14.
Concave 15. Cover 16. Fan 17. Air
stream divider 18. Oscillating sieve 19.
Auger 20. Control board 21, Grain guide
plate 22, Grain guide plate 23. Tailing
return thrower 24, Spoke
Fig. 6. Schematic drawing of the head-feeding
type thresher attached with oscillating
sieve
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Table 2. Details of Experiments
] Remark
Experiment | Levels of [———— Investigated
No. Factors l factors M.C.(w.b) ] Grain | items
K Grain+|
| j Grain , Straw Strawl
I. ] Sieve rpm 300, 340, 400 - Power(ps)
Milvang 23 Feed rate 400, 540, 800 26.86 | 68.25 0. 21 . Whole grain
(wet) (kg/h) i ! - Grains with branchlet &
T ! - . 1
I. | Sieve rpm l 300, 360, 400 i Dbmk“; panicle
Kwandong | Feed rate | 480,640,960 | 20.29 | 60.11 | 0,20 | 2MmaBed gramns
i « Less filled grains
(wet) | kg/h)
- . Broken straws & empty kernels
I. \ Sieve rpm l 300, 360, 400 ) . Separating loss
Kwandong i Feed rate \ 470, 620, 940 18. 64 ‘ 33.46 | 0.35 |. Average forward velocity of
(dry) f (kg/h) ; paddy by the oscillating sieve
. ‘ Sieve rpm | 300, 360, 400 |
Lab. Test | Feed rate | 600,750,900 | 14,50
| (kg/b) |
yer BEEE G ST, FExel R FEBE 470kg/h, 630kg/h, 920kg/h= tebwo,  ZF F

HET EEAME L
of g3t Fergh,
H=P/(yxA)

o] 7] o} A

P . Weight of grains on sieve, gr
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7 : bulk density gr/cm?
A :area of the grain pan, cm?
H : height of grains on sieve, cm
S=Q/(rXW XH)
o 7] o A}
VW : width of sieve, cm

. feed rate, gr/sec

L &

:average forward velocity of paddy on
sieve, cm/sec
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Table 3. Comparison of average forward

velocity of Paddy and height of
grains on sieve

FRel £
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Feed rate Average Height of
Sieve rpm fi)rvyard £ grains on
(kg/h) velocity o :

| paddy(cm/s)| sieve (cm)
600 1.75 3.20
330 750 1.91 3.70
J 900 1.93 : 4. 40
€00 1. 81 3.09
360 750 | 1.75 4.05
Q00 1.91 4.4
400 2.70 2.08
400 750 2. 51 2. 83
900 2.97 ‘ 2.85
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Table 4. Comparison of power requirement of threshers by feed rate and sieve frequency.

Milyang 23 (wet) Kwandong (wet) Kwandong (dry)
Sieve Feed Thresher Feed Thresher Feed Thresher
rpm rate with | with rate with with rate with with
e/t sieve fan sieve fan sieve fan
e I R ORI IR N S N I CO N I L B CONN D
300 3.06 312 | f 3.07
360 400 3.13 2.45 480 3.27 311 470 3. 14 3.21
400 2.99 3.01 2. 81
300 3.13 3.41 v 3.48 |
3560 540 3.36 3.17 640 3.30 3.75 620 3.54 3.12
400 3.62 3.36 3.07
300 3.77 4.19 4. 61
360 800 3.49 3.71 960 4,26 5.27 940 4.917 1 4.88
400 3.95 4. 62 4.52
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Fig. 7—1. Effect of feed rate and sieve
frequency on the average power
requirement. (Millyang 23. wet-
paddy)
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Fig, /~2. Effect of feed rate and sieve
frequency on the average power
requirement. (Kwandong. wet-
paddy)
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Table 5. S.G.D. contents of the 1,, cutlet produet.
Milyang 23 (wet) Kwandong (wet) Kwandong (dry)
sieve Thresher ; Thresher | Thresher
rpm Feed rate with with | Feed rate! with with Feod rate with | with
(kg/h) sieve fan (kg/h) sieve fan (kg/h) sieve | fan
(%) (%) ( ) l (%) i (%) (% )
300 ' 96.38 93.21 | 97.93
360 400 93.95 ?8. 69 480 97.94 98.98 470 98.63 96.45
400 95. 86 P97.97 97.78
L v . . e
300 96. 45 98.18 | 96.99
|
360 540 96.72 98. 42 640 97.87 | 98.72 620 97.86 96,03
400 95.88 98.57 ! 96. 61
300 95.22 | 98,53 J 97.85
360 800 95,20 | ?3.80 Q60 98. 97 ] 98. 89 40 98. 34 95.95
400 9625 { 98. 38 96,65
! !
% S.G.D.: total weights of single grains, grains with branchlet and damaged grains
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Table 6. Grains with branchlet of the Ist outlet product.

b B RIS Bl S R

Kwandong (wet)

| K\vandong (dry)

sieve rpm Feed rate [ Thresher Fead rate { Thresher
(kg/h) with fan(%) (kg/h)  |with sieve(%)| with fan(%)
200 7.10 ) 1.66
340 480 4.23 3.69 470 1.15 2.78
400 3.69 | 1.54
300 609 | 1.61
360 360 4.34 437 | 620 1,09 2.08
400 4,69 | 1.4
300 3.01 j 1,02
360 940 3.09 2.75 940 0.93 3.09
400 2.59 ’ 0. 94
Table 7. Damaged grains contents of the 1,, outlet product.
Milyang 23 (wet) Kwandong (wet) Kwandong (dry)
sieve Feed Thresher ‘ Thresher 1 Thresher
- Feed rate Feed rate
rem ;ate iwith sievez with fan |with ere( with fan with sievel with fan
h -
(kg/h) ‘ (%) (%) (kg/h) ‘ (%) ‘ (%) (kg/h) (%) ( )
300 0.51 3.80 550 |
360 400 0.71 0.63 480 2,65 1,67 470 9. 41 4,23
400 k 0.79 | | 49 | [ 7.81
300 0.65 | 3.31 6.86 ‘
340 540 0.52 0.47 640 2.68 1.92 620 8.12 ‘ 4.02
400 .78 3.28 6.54 |
300 ( 0.51 ‘ 2.50 8.74 |
360 800 0.50 0.30 960 4.17 2.88 940 9.05 | 3.7
400 | 0.63 4.22 6.73 |
BIAL BB TR W @y @BREE] B %w ol A 7T<§*L¥fz‘t">%91 Aeld Rold ket W
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Table 8. Less filled grains contents of the 1M outlet product

A A2EE BYFF A AT EE AKX F
7EA 7F ¥ R v

“h 2E. %74%tt¥

FE-FAY EHBS BEEe BAlkRS: 2
de BEEIG 29lez % 94 HE Y Hﬁﬁ?’iﬂi,
BRILEZ B2ASHY 2F 285 MBS AR
g3 A% ZE - BYYY SELES HH8A 25
oA 1.6~3.9% EIBHAA 0.7~1.1%2 et
o AiFE BERY 24 2R & 5 d9th

BRAES BT 25 #EHA BN 2E-
49 HES HEHA B A $ 0.13~0.49% °]

o8 e O

X T

BeinBol A A &Rl

Mllyang 23 (wet) Kwandong (wet) Kwandong (dry)
sieve } Thresher ' Thresher [ Thresher
rpm | Feed rate———r {Feed rate ———————| Feed rate;—-—- I
‘thh siev c with fan with sieve‘ with fan « with siev e' with fan
kg/h /
(kg/ ) (%) | (% (kg/h) ! ) (%) (kg/h) (%) (%)
300 1.83 | ‘ 1.35 2.15
360 400 1.03 0. 60 480 1 1.69 0.89 470 1.23 3.18
400 0.54 ] 1.29 2.76
300 0.78 | | [ 1.4 2.58
360 540 0. 87 0. 41 ‘ 640 1. 60 1.07 620 1.75 3.37
400 0.95 | l 1. 39 2.88
300 0.43 i 1.28 1.99
3€0 800 0.93 4. 89 l 940 1.04 0.97 940 1. 41 3.46
400 0.87 ’ 1. 40 2.50
Table 9. Broken straws & empty kernels contents of 1,, outlet product.
M1]yang 23 (wct) ‘ Kwandong (wet) Kwandong (dry)
sieve Thrcsher J Thresher Thresher
rpm Feed rate| ~—————————| Feed rate Feed rate———————
with sieve with fan with sieve| with fan with sieve| with fan
kg/h i ' y kg/h) o
( £/ ) (f’y) C (90) ( g/ ) | %) (%) (kg/h) (%) (A)
300 1.65 0.41 | | 0.25
|
3¢0 ] 400 2,95 0. 68 480 0.32 0.16 l 470 0.13 0.35
4G0 ! 2.57 ” | 0.58 ’ 0.45
300 2.39 0.32 | \ 0.38
360 540 2.4 0.96 ! 640 0. 51 | 0.2 620 0. 39 0.58
400 3.51 | | 0.43 | 0.49
300 3.89 L 0.20 0.15
360 800 3.86 1.10 960 0.41 0.14 940 0.22 0.38
400 2.67 | Lo 0.43
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Fig. 10—1. Effect of feed rate and sieve
frequency on separating loss of
thresher (Kwandong. wet-paddy)

Ch |MEBR

Aoz vebgct, E84 B mEy 93 9
T BE: JEA 2ot FRIREdA BIE
%ol A& Aoz eyttt

BRES 2 BAlEKC] 0.04~0.1% 2 EEN
BhEE ISR 360rpme] A F& Fe vE@ped
BEilR%e] 0.15~0.22%9 EJIRAY A £
A BB ERELS) eAer Ve

5 BEANEEL HRLSEY £ - mREAA HH
A B|HBAE 4T 3¢ BANBAHARLT F2 5
BE n4rh

0.10}
3 0,00
v [
% 0.08 sieve
o
]
® 0,077 Frequency
po s 300
% 0.06f
@ 6 360
%
191

(=

.05F x 400(rnm}

<
D
[

620

Faed Rate(fg/h)
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Table 10. Overall comparison of separation performance of threshers tested with
and without separation sieve attached

Total weightsI‘ Grains

1 Damaged Less Broken separating
of single with I grains i filled straw and loss
grains, grains, branchlet { grains empty
with branch- ! } kernels
let and |
damaged : I ‘
grains 1 \ \ i

wetpaddy | ® | & | & | e | ® | e
[ (
drypaddy | o | e | x | o | e | e

7)o} 44 @ : Separation performance with sieve attached is significantly better than that without

sieve attached.

O : Separation performance with sieve attached is slightly better than that without sieve

attached.

A @ No difference between sieve and fan separation method is observed.
® : Fan separation method is slightly better than that of sieve separation.
x : Fan separation method is significantly better than that of the sieve separation.
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