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Design and Experiment of Interlaced Centrifugal Cleaning Fan for
Rice Combine Harvester

XIE Fangping'® XIA Wei' WANG Xiushan'? WANG Xunwei'? ZHANG Zhenyang' ZHANG Kaihua'
(1. College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha 410128, China
2. Hunan Province Key Laboratory of Intelligent Agricultural Machinery Equipment, Changsha 410128, China)

Abstract. In view of the phenomenon that the materials distribute unevenly on the sieve surface during
the operation of 4L.Z — 3. 0Z rice combine harvester, with more materials on the sides and less in the
middle, and more at the front and less at the back, which leads to insufficient screening of the materials
during the cleaning process, a leaf-interlaced centrifugal cleaning fan was designed to generate a lateral
airflow through the pressure difference between the front and rear vanes, improving the uniformity of the
lateral distribution of the materials. A mathematical blade angle and wind speed model was established
based on the pressure difference between the front and rear vanes during the fan’s operation. By
combining the theoretical pressure difference and the expression of the lateral wind, it was concluded that
there was a nonlinear function relationship between the staggered blade angle and the lateral wind.
Through numerical simulation of the fan flow field and the actual measurement of the wind speed on the
sieve surface of the cleaning chamber, the rationality of the theoretical analysis was verified and the size
of the lateral wind was obtained. Through single-factor experiments, it was determined that the deflector
plate angle, fan speed and blade stagger angle were the influencing factors, and the grain impurity rate
and cleaning loss rate were used as evaluation indicators to obtain the influence relationship of each
factor. A three-factor three-level response surface experiment was designed. The optimal parameters were
obtained through the response surface method and multi-objective optimization; the fan speed was
1 105. 614 r/min, the deflector plate angle was 39. 91°, and the blade stagger angle was 25. 073°. Under
the optimal parameters, the grain impurity rate was 1.08% and the cleaning loss rate was 0.774% ,
which was superior to the performance of the traditional cleaning device.

Key words: rice combine harvester; cleaning device; interlaced centrifugal fan
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Tab.2 Air distribution plate structural parameters
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Fig.8 Longitudinal wind speed at each cross-section along the X-axis
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Tab.4 Experimental factors coding

i B 53 WUAR A F1 - 2 A A
x]/(r-min’]) %,/ (°) %3/ (°)
-1 1 000 35 15
0 1100 40 25
1 1200 45 35

T RA A I RT3 E R, W E #F
KL A FOMIE W40 2K 3, AR5 WOH S S (8 R 1740
s, Hak e g5 Rk 5 s, &b X, X, X, it A .
HIH Design-Expert 13. 0 # {4 X % 5 w9 L 5
s JEAT 105 53 B, A5 30 KL 343 KU fi £ L i
Jr SRS A S TTAE PR RE CFFRL & 22 38 Y, G 1 461 2%
RY,)HRECCR N
Y, =1.11 -0.5581X, -0. 105X, — 0. 500 6X, -
0.05X,X, +0. 153 7X, X, +0. 07X, X, +
0.2534X; +0.309 6X> +0.1484X>  (20)

Variation patterns of impurity content and loss rate with respect to various factors
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Tab.5 Response surface experimental design

and results %
(S
éﬁl’,_/l' Xl Xz X3 Y] Y2
1 -1 -1 0 2.26 0. 81
2 1 -1 0 1.20 1.20
3 -1 1 0 2.25 0.78
4 1 1 0 0.99 1.53
5 -1 0 -1 2.65 0.48
6 1 0 -1 1.27 1.05
7 -1 0 1 1.45 0.98
8 1 0 1 0. 69 1.75
9 0 -1 -1 2.35 0.72
10 0 1 -1 1.90 0.76
11 0 -1 1 1. 10 1.22
12 0 1 1 0.93 1.47
13 0 0 0 1.13 0.75
14 0 0 0 1.13 0.63
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17 0 0 0 1.09 0.86
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Tab.6 Analysis of variance
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X} 29.2 0.001 ™ 20.33 0.002 8 **
X2 6.71 0.036" 16. 49 0. 004 8 **
4 31 I 1.28 0.393 7 0.24 0. 864 7
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Fig. 12 Response surface of significant influencing

factors of grain impurity rate
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Tab.7 Comparison between different experimental

groups
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