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Design and Experiments of Material Uniform Dispersion and Diversion
Device on Cleaning Screen Surface for Oilseed Harvesting

JIANG Tao LI Haitong GUAN Zhuohuai MU Senlin WU Chongyou ZHANG Min
( Nanjing Institute of Agriculture Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: To solve the problem that the threshed outputs on the sieve surface of the crawler-type rape
combine harvester commonly used in the main oilseed rape producing areas in the Yangtze River basin is
prone to accumulation and stagnation when harvesting high-density and high-yield rape, which affects the
penetration of oilseeds through the sieve and leads to a high loss rate and low operating efficiency, an
uniform dispersion diversion device for material movement on the sieve surface was designed by analyzing
the material dispersion movement law during the cleaning process, and the key operating and structural
parameters of the device that affect the operating performance of the cleaning system were determined.
Based on the coupling method of CFD —DEM, a quadratic regression orthogonal combination test method
was used to carry out parameter combination simulation optimization test with oscillation frequency of
diversion rod, rotation speed of diversion rod and drive joint chute inclination angle as test factors, and
cleaning loss rate and cleaning impurity rate as performance evaluation indexes. The results showed that
each factor had a significant effect on the performance evaluation index, among which the most significant
effect was on the oscillation frequency of diversion rod. The optimal combination of parameters was
oscillation frequency as 12. 5 Hz, rotation speed as 120 r/min, and chute inclination angle as 20°. Based
on the optimized parameters, the results of the bench test showed that under the same high feeding
condition, the cleaning loss rate after the configuration of the device was 3.97% , which was 49. 8%
lower than that of the original cleaning system, and the impurity rate was 3. 71% , which was 34. 7%

lower. The results showed that the optimal cleaning system could meet the requirements of the crawler
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combine harvester for the low-loss and high-efficiency cleaning operation of high-density and high-yield

rape. The research results can provide reference for the design and improvement of cleaning system for

oilseed harvesting.

Key words: oilseed; harvesting; cleaning; vibrating screen; uniform dispersion diversion; discrete
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Fig. 15 Cleaning performance of different

diversion rod oscillation frequencies
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B S UAT A YR Z J5 3 YRR S 78 i B, w
T PR T AT S R ) B B R T 0.6 m/s,
VAT S v . B 2 JE
n,m
vy, =w,L,, =WL,,BB60() mm/'s (17)
A v, —— WA IR B R, mm/s
M & it 0 5 WA KB Ly, = 100 mm, H
A (17) H RGBT A 7 KT 60 v/min,
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Fig. 16  Cleaning performance of different diversion

rod rotation speeds
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Fig. 17 Cleaning performance of different joint

chute inclination angles
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3.4.1 Bk

AR A B DR 3R a0 29 2R BT A 2 10 45 DR R KT
W3 s IR R Y RIS 8 &5 2% R Y, 46 0
#r645, & Fl Box — Behnken i 56 % i1 7 i, JF & =
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P& =K m I E R AR . iR % F4 RREHTRERER
AFE 17 AR 5 ’;H\:pf:] 12 M A F,5 AE 5 Ak Tab.4 Test design and results
R I 7 R R AR 4 s, X, X, X, B o M= Y, /% Y, /%
F oA, oo % b
1 -1 -1 0 6.53 1.87
£33 HKBEEERD 2 0 1 1 3.67 4.32
Tab.3 Code of experimental factors 3 0 1 -1 4.73 4.53
4 -1 0 1 6. 67 1.78
= 5 0 0 0 4.09 4.38
p/EE RS Y R P AT 4 T R A £ 6 0 0 0 4.12 4.21
J/Hz ny/ (xemin ") /() 7 0 0 0 3.98 4.19
-1 9 80 10 8 -1 1 0 5.36 3.32
0 12 100 15 9 -1 0 -1 6. 68 2.16
1 15 120 20 10 0 0 0 4.34 4.16
11 0 -1 1 4.73 3.76
3.4.2 Lﬁ%éﬁ%%ﬁ*ﬁ 12 1 0 1 3.62 4.80
. . . 13 0 -1 -1 5.02 3.04
S AR R Y, R B A Y, 5 IR 0y e e
X, X, XS E PR #FAT R Z oG, IF X 8] )4 48 15 1 0 -1 4.77 4.13
RUPEAT J7 22 0 A A [0l T 28 850 8 35 PR A 5, &5 2R 16 0 0 0 4.22 4. 14
. 17 1 1 0 3.66 4.98
5 PR,
£5 ERAFBRAESN
Tab.5 Variance analysis of regression equation

s BRAE Y, TIREY,

K 7 B i B F P R A F P
A 16. 98 9 91. 66 <0.0001** 16.47 9 150. 99 <0.0001**
X, 10. 61 1 515. 60 <0.0001 " 11.52 1 950. 72 <0.0001 "
X, 1.01 1 48.95 0.0002 ™" 1. 67 1 138. 19 <0.0001 "
X5 0.789 5 1 38.36 0.0004 ™ 0.0800 1 6. 60 0.037 "
X, X, 0.1825 1 8. 87 0.0206" 0.416 0 1 34.33 0. 000 6 **
X, X5 0.3249 1 15.78 0.005 4 ™ 0.2756 1 22.75 0.002 ™
X, X5 0.1477 1 7.17 0.0316" 0.2162 1 17. 84 0.0039 ™
X% 2. 80 1 136.22 <0.000 1™ 1.42 1 117. 60 <0.0001 "
X% 0.0293 1 1.42 0.2718 0.054 0 1 4.46 0.0727
X§ 0.9305 1 45.21 0. 000 3 ** 0.7313 1 60. 35 <0.0001 "
s 0.144 1 7 0.084 8 7
£V 0.069 1 3 1.23 0.406 8 0.048 3 3 1.76 0.2928
TR 2 0. 075 4 0.0365 4

e wx FRMALE (P <0.01) ;5 + R i3 (0.01<P <0.05),

(1) ¥ S 45 2k 2 [l A6 700 g vy 55 Wb 28 1k 40 A
AR R S, HERMEF Y, BIHER P /T
0.01 (e 23 ) , 2RI P AHK T 0.05, G Iy fE v
SEREL R =0.98, % B BRI 2/ %A R 0] BT
W B o X, X, X X X X X
Y R L X X, XX 0 Y S L &
PRI 2RO T[] 0 A A0 ) 5 ) Sk R R BN R X
X, Xo HIBAREFERERG, HEBER Y, K
[l I A5 2 Ry
Y, =4.11 -1.15X, -0.35X, -0. 31X, +0.21X,X, -
0.29X,X, -0. 19X, X, +0. 81X} +0. 47X (18)
MR 18a 7T LUt , >4 1 Al il /5 X, 4L T 0 /K
- (15°) I RS X 3G O, R Y BEAR, iR

FREG SR X, 16 K, 1R 2 Y BEAIR. 76 X, 45 A KF
T2 X R e, Y, 2 U [E R R B A, Y X Ab
3 < A O i O 91 5 2 i = W S S L T
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B RS X B R R Y SRR S T, T
A X 3R, B R 22 Y BRAIG, e 7 1Dl 2k 0T X, O )
AL SR, TR X, B &K, X B, Y,
SIS R BE AR Ak . X A T KRR, Y B X
R TR W R A oy W W RIFERY, Y X,
b TR KB X B3 R 2 B Y, BT S B
FOEVE Y =k

Kl 18c v, MR Z M X, &b T 0 /KF (12 Hz)
IR X3 O, B R R Y, B A, TR A X
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Fig. 18 Response surfaces of impact of interaction on loss rate

SN e I 0 R L DA 1 S R T i O s e o
T, 4 XA T K, Y B X R A R 3
(G SR s LS R

S3 T 7 AE IXR A2 HAE T Y D R R B T O A
TR e L K R A R 1S OI0, 0  I
SCROR7/R SR XU NVR () | N @ S R (IR 7R
22 TB) B G ik KRG T, R TR BB RO 3 T L
I, BEAR TV AR R & R N R
FEAY R AT DO, H b DS I AT 4R B R B e
R, R R A S MR P T S AT A8 B T
TE 18 00 38 A 410 A G T R 1) 5 1) b Y 0B 3l ik B,
BE 9 5y, 0 Bl O BOS N, 5 I A kLR A
(R O B8 AR I 38 i, 1% 5 7 B ) E] P S O AT
(VR TS BE , M & 4w, B0 R A o R
KR ROCR B B

(2) 5 1 B Ze 2 1l A B vy 5 1 3 M 43 i

AR R S, HEE AR Y, BIHER P /T
0.01(# .2 ) , KAUI P AEK T 0.05, & itk
SE R R =0. 983, 3 MR R IR 22 /N, 1% A8 R ] ] T
FET AR B, o X, X, XX, XX X X
X0 X5 0 Y, R A B X YRR A
PR ESORRENEE SR A TR (3 I NE PN T AP, I
X, Xyo HIBRA R EFRERIG, /-8 K3 Y, 1 K
] A5 A Sy
Y, =4.26 +1.2X, +0.46X, +0. 1X, -0. 32X X, +

0.26X,X, -0.23X,X, —0.58X; —0.41X: (19)

AR 19a 7 LU Y, 24 1 Al M X, 4T 0 K
P (15°) I, S AR S AR X, YO, & e R Y, Y
I, e X, O, S AR Y I il T Y X O ) A
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Fig. 19 Response surfaces of impact of interaction on impurity rate
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Bench test

Tab.6 Comparison of bench test results %
UL 2 i%&’%ﬁﬂl@‘bﬁ%ﬁ)ﬁ

=2 Wk RG

1 7.78 5.67 4.13 3.82

2 7.97 5.78 3.96 3.75

3 7.79 5.32 3.88 3.61

4 7.91 5.89 3.75 3.58

5 8.05 5.73 4.12 4.11
Y 7.91 5.68 3.97 3.71
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