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Parameter optimization and experiment for the
power consumption of impeller-blower
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Abstract In order to improve the gquality of whole straw coverage with no tillage planter and reduce the throwing power
consumption. Box-Benhnken central composite experimental design principle was adopted to study the working
parameters of impeller-blower. Rotating speed, material moisture, vane slope angle were taken as three factors.
Experiments on the three factors with three levels of response surface were conducted. A mathematical model of
response surface was established. The influence of each factor on the working quality and optimize each factor
comprehensively was analyzed. The results showed that the rotating speed, material moisture, vane slope angle in a
decreasing order reduced power consumption significantly. The best model for comprehensive work parameters was set
as following: when the rotating speed was 1 600 r/min, the material moisture was 63% and vane slope angle was 9°, the
specific power consumption was 919. 89 m?/s’. Through comparing the mathematical model with the experimental
result,it was discovered that the relative errors of all the property indices between these two were less than 5%
indicating the model established was useful and could be used for predicting and optimizing.
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1. Frame; 2. Land wheel; 3. Suspension device; 4. Transmission
mechanism; 5. Straw crushing device; 6. Horizontal auger;
7. Impeller-blower
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Fig.1 Straw cleaning device
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1. Throwing shell; 2. Impeller blower; 3. Discharge pipe;
4. Outlet pipe steering adjustment device;5. Upper discharge pipe;6.
Straw throwing mechanism
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Fig. 2 Impeller-blower
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Fig. 3 Steering adjustment device
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Fig. 4 Throwing device structure diagram
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Table 1 Factors and levels of response surface test
iR 5 K S . : K £ Factors c
Level WA #EE X,/ Cr/min ) WKL E KR X /%% R A X /()
Rotating speed Material moisture Vane slope angle
-1 1 600 60 5
0 1 800 65 -
! 2 000 70 10
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Table 2 Experiment design and response values

Z K Level

HII#E Y, /(m®/s*)

q

N THERBEX. WMEAEX. W X, Specific power

Rotating speed Material moisture Vane slope angle consumption
1 0 —1 1 1 031.54
2 0 0 0 1 033.68
3 0 0 0 1035.77
4 —1 —1 0 930. 00
5 0 1 1 1 078.39
6 —1 0 1 906. 25
7 —1 1 0 982. 41
8 1 0 —1 1 195. 39
9 0 0 0 1 034. 66
10 0 —1 —1 1047.69
11 1 1 0 1239.23
12 0 0 0 1032.21
13 —1 0 —1 939. 28
14 0 0 0 1033.42
15 0 1 —1 1 096.15
16 1 —1 0 1 200. 31
17 1 0 1 1 180. 32
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Table 3 Variance analysis of regression equation

23 B X 22 J7 A H o Fi BFKF P
Source Sum of Squares Freedom Mean square F value Significant level
deviation
7l Model 1.52X10° 9 16 854. 45 3 322.45 <0.000 1
X 1.4X10° 1 1.4X10° 27 564.03 <C0.000 1
X, 4 354. 31 1 4 354. 31 858. 35 <0. 000 1
X; 840. 71 1 840,71 165.72 <Z0. 000 1
X X, 45.50 1 45.50 8.97 0.020 1
X, X; 80. 64 1 80. 64 15. 90 0.005 3
X, X, 0. 65 1 0. 65 0.13 0.7313
Xi 2 218.37 1 2 218. 37 437. 30 <C0.000 1
X3 4 068. 80 1 4 068. 80 802. 07 <C0.000 1
X; 10. 66 1 10. 66 2.10 0.190 4
5% % Residual 35.51 7 5.07
K4l Lack of fit 28.31 3 9. 44 5.24 0.071 6
7 Pure error 7.20 4 1. 80
B Cor toal 1.52X10° 16
JuiE R R 0. 989
Coefficient of determination
P JH B AR Ry 0.986

Coefficient of adjustment

W P<<0.01 M2 P<<0.05 N2,
Note: P<C0. 01 is highly significant; P<C0. 05 is significant.
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X1 .,X; and X3 are respectively rotating speed, material moisture, vane slope angle;Y is specific power consumption.
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Fig. 5 Influence of interactive factors on the power consumption of contrast
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Table 4 Experimental values of response

at optimal condition

L Th#E/ (m® /s®)

Specific power

oAb g

Test number

consumption
1 914. 34
2 924. 56
3 920. 76
SFHI{E Average 919. 89
FXFiR 2/ % Relative error 1.5
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