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Design and Experiment of Cylinder Sieve Type Re-cleaning Device
for Rape Combine Harvester

YUAN Jiacheng' YANG Jia' WAN Xingyu' LIAO Yitao'® LIAO Qingxi'"
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Existing rape combine harvester has the challenges to separate the small rapeseed from the
threshing outputs whose components are mixed, highlighting the need to improve the cleaning rate to
reduce the labor consumption in manual re-cleaning process. Therefore, a modularized re-cleaning
cylinder sieve, which could hung on the grain tank, was designed. Based on the kinematics and dynamic
analysis, the range of structure and operation parameters of the material lifting screw conveyor and
screening device were analyzed. A three-factor and three-level orthogonal experiment was carried out by
using EDEM. The loss rate, cleaning rate and screening efficiency were taken as the indexes. The
rotating speed of cylinder sieve, the screw pitch of the spiral blade, and the diameter of the sieve hole
were taken as the factors. The optimal parameter combination was determined by the orthogonal
experiment, and verified by the bench verification experiment. The simulation results indicated that the
optimal parameter combination of the diameter of sieve hole, the rotating speed of cylinder sieve, and the
screw pitch of the spiral blade were 5 mm, 105 r/min and 250 mm, respectively. When the feeding rate
was 0. 6 kg/s, under this condition, the loss rate, cleaning rate, and screening efficiency of re-cleaning
cylinder sieve were 0.92% , 98.96% and 95.12% , respectively. The results of bench experiment

showed that the cleaning system with re-cleaning cylinder sieve could work smoothly. Under the optimal
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parameter combination, the loss rate, cleaning rate, and screening efficiency were 0. 96% , 98. 67% and

95.36% , respectively. Compared with the performance of the cyclone separation cleaning device without

re-cleaning cylinder sieve, the cleaning rate was improved by 4. 38 percentage points. The research could

provide a reference for the structural improvement and optimization of cleaning device of rape combine

harvester.

Key words: rape combine harvester; cleaning system; re-cleaning device; cylinder screen; EDEM
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Tab.1 Main technical parameters of rape combine

harvester
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sieve during waterfall
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Tab.2 Mechanical parameters of materials
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=3 EMsH¥
Tab.3 Contact parameter
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ELAUG Gt PR S A R U &N A5 kL BT L T
FERLCER & TPAT LT 0 my (2 AR my , AR
WA G PRI R my RN my A3 A
R ISR E PR R Y, IF IR Y, I R
F o, 8N

Y, =m/(m; +m,) x100%

Y. =m,/(m, +m,) x100%

n=(m, +m,)/(m, +m, +m,; +m,) x100%

(23)
4 BEERKF
Tab.4 Factors and levels
7K i FL B AR/ TR 1 1 e o/ 175 19X PN By i WER e

mm (r-min~") M2 EE / mm

1 3 45 150

2 5 75 250

3 7 105 350

I g5 Rk 5 frox, A B.C IR EKRAKVH,
K LG VR 50 A, 2B AR 77 v 75 A0 56 0% UE IR 431
S R PR UE S T8 0 3 BUE T I R ALE R 0. 35,
Pk AL R 0. 65, LUMALUG 1 25 & 4318 R vt b
HE L5 55 T 0.35 e LUV i % R Jm 9 2 0. 65
Te IR R F IR B, 154 M v R b

IEACIR G 45 R R W, AN ) 2 804 A F R A i =X
02 B W I 43 ORI KT 90% |, G VR 5 0 Y 1
TR o 52 M il S R A1 0 X A2 T e AR M e )
U AU Sy T L AR LT X PN Bl R e Pt R
RETEE, BEHUEERENRESEHAEHN
A,B,C,,

Vi AE S B0l G FF R f B gk il 5, il 30 45 2R
K EEESBAGFMT, BiEREMNEER
0.92% 5T %K 98.96% i 53K 95. 12%

2% 6 AT 1, VR i =X 52 0 e O L AR X e
AT AR TH I AN 0 RO e YA TR O
e SRR % SR8 T T SRR 4 80 S e 1 I 2 VR
15 PN Bl O MR I W IR X B AR R T I SRR 0 A
S A BSNTE

4 BmRB

pE AT REE NN R N K (B4 & SIS TR i
25 R ) 7R 17 0 30 A2 T 2R, 0 XL O S
P T I 15 i

AL 2 BARFE AR T A R T Be F BT R
AL O i A A 1o 5, 8 oy 42 A ok L )
7 i BE R AT R o R XL B Tk
e B AP T G I AR G AL A, AN BT 12 B o MRCHROG B
AR E RS 5 S B B A 2 BOnT 9 A G as AT B RO A
2

TR0 R At Fof O AR 2% 62, X R R AT S K Ak
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Tab.5 Results of orthogonal experiments
IS IERCES EinE S BRI RS i S
W B | . o ’ Ao
A B C Y,/ % Y,/ % /% J& B J&
1 1 1 1 98.74 4.29 92.08 0.71 0. 89 -0.33
2 1 2 2 99. 48 4.55 91.15 0. 90 0.94 -0.30
3 1 3 3 99. 89 4.82 90. 52 1. 00 1. 00 -0.30
4 2 1 2 98.33 0.62 96. 01 0.61 0.12 0.13
5 2 2 3 98.77 1.13 95. 10 0.72 0.23 0.10
6 2 3 1 98.58 0. 88 95.52 0. 67 0.18 0.12
7 3 1 3 96. 07 0.11 98. 68 0. 04 0.02 0.00
8 3 2 1 95.91 0.18 98. 87 0. 00 0.03 -0.02
9 3 3 2 96.33 0.03 98. 59 0.11 0. 00 0.04
k, -0.31 -0.06 -0.08
k, 0.12 -0.07 -0.05
ky 0.01 -0.05 -0.06
R 0. 43 0.02 0.03
R6 HENW R AT O HE /T OV ARk, N AR AR TR
Tab.6 Variance analysis PR R R AR E R AR, R
150 15 A AU A F P 3 WECEME
A 2 2399.13 0.001 ** VSN S s A Ak e A ok >
.. HT 3 U6 4 R R B, R 2 BR A 0 U R A
4k B 2 23.388 0.040 " s e . . .
c R 23 a1 0041 - WHV 8 R B W RN 94.29% i1k F R
y T Tom s oo~ 5.08% 71 VT O A R R KA B O
i B 2 28.26 0.034" KEREGHHN  EFRESHASFZTTIFRE S
¢ 2 29. 18 0.033° I, VR AT 0 2 4 S AR IR PR R R 0. 96%
A 2 2ass000” W AN 98. 67% i 433K Jg 95.36% , oK B
&S B 2 24.35 0.039 " e NN SN
o : ) 11 80 o o0 VR o i X S 2 L T R AR T 4. 38 N A

T TR (P <0.01) , = KR (P <0.05),

5 4 3 2 1
B 12 gl e s i 5 A
Fig. 12 Test bench for key components of harvester
LEHA 2 M 3 EA AR5 SV R4

BOEE 6N TR

20 kg WS AIHAER 4 m (58 1.5 m By HEA I,
T R A R B RN 4 kg/so TH T RIS
525 KB ERF 2 8058 W BHIR A f ik R T 3 K
SRR a5 0 R b R VR £ % 3R 450 r/min
47 B 3 Ky 650 r/min X HLFE 3 24 1 800 r/min
VR 81 U e 3Rl 105 v/ ming, RIS 25 AU WA R AR Y

5 #ig

(1) BF 7 — b 5 20 B TR b A ek
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BRI B T e B
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MG EEENRESRAE N HAER
5 mm R {3 i 5 3 105 v/ min i ] P Bl 3 0 A B
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