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Design and Experimental Optimization of Combined-type Ration
Mixer of Drum and Blade
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Abstract. The key of utilization of the ration feeding technique in ruminant-breeding industry is the
research and application of ration mixers. In view of the practical application and popularization of the
ration feeding technique in recent years in China, and in order to promote the development of animal
husbandry, combining with the current situation of few self-dependent innovation of ration mixers in
China, a combined-type ration mixer of drum and blade was designed. To explore the mixing performance
and obtain the optimum parameters of the combined-type ration mixer of drum and blade, the method of
quadratic regression orthogonal rotational combination design was adopted to conduct the experiment by
the self-developed combined-type ration mixing experimental device of drum and blade. The experimental
diet was composed of cornmeal, soybean meal, salt, corn silage and hay. Mixing time, filling rate,
rotational speed of drum and gyrating radius of blade were chosen as experimental factors, and mixing
uniformity and net power consumption were determined as evaluation indexes. The regression
mathematical models between the experimental factor and the evaluation index were established and
analyzed by Design-Expert software, then the optimization result was verified by experiment. The results
showed that the descending order of effects of various factors on mixing uniformity was filling rate,
rotational speed of drum, mixing time and gyrating radius of blade; the descending order of effects of
various factors on net power consumption was mixing time, rotational speed of drum, filling rate and
gyrating radius of blade; and the mixing uniformity was 92.98% and net power consumption was 32. 618 kJ
under the condition that mixing time was 3.5 min, filling rate was 66% , rotational speed of drum was
29 r/min and gyrating radius of blade was 236 mm. The research results could provide reference for the
research and development, optimization design and parameter selection of ration mixers.
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Fig. 1  Structure diagram of combined-type ration mixing
experimental device of drum and blade
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[ e E R BRIE RN [ A E R WA R bR
X, X, X, X, Y, /% Y,/k) X, X, X, X, Y, /% Y,/k]
1 -1 -1 -1 -1 85.52 49.131 19 0 -2 0 0 87.96 73.836
2 1 -1 -1 -1 90. 41 97. 859 20 0 2 0 0 92. 11 106. 047
3 -1 1 -1 -1 91.35 56. 871 21 0 0 -2 0 89. 08 61.693
4 1 1 -1 -1 92. 69 111. 417 22 0 0 2 0 94. 19 120. 957
5 -1 -1 1 -1 89.71 60. 741 23 0 0 0 -2 92.05 88.307
6 1 -1 1 -1 91.91 125.903 24 0 0 0 2 95.04 109. 645
7 -1 1 1 -1 93.52 72.995 25 0 0 0 0 94.22 102. 464
8 1 1 1 -1 92.51 133. 105 26 0 0 0 0 94.20 99. 387
9 -1 -1 -1 1 88. 68 52.003 27 0 0 0 0 94.37 98. 895
10 1 -1 -1 1 91.97 91.113 28 0 0 0 0 94. 30 93.418
11 -1 1 -1 1 91.39 62. 809 29 0 0 0 0 94.22 95. 537
12 1 1 -1 1 93.91 106. 708 30 0 0 0 0 94.33 97.232
13 -1 -1 1 1 92. 46 65.378 31 0 0 0 0 94.55 99. 059
14 1 -1 1 1 94. 11 119. 865 32 0 0 0 0 94. 20 90. 653
15 -1 1 1 1 93.43 77. 625 33 0 0 0 0 93.16 100. 222
16 1 1 1 1 92.99 138. 836 34 0 0 0 0 94. 45 97.595
17 -2 0 0 0 89.92 30.384 35 0 0 0 0 94.28 90. 653
18 2 0 0 0 93.03 139. 164 36 0 0 0 0 93.97 100. 717
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Tab.4 Analysis of variance
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X, 26.71 1 26.71 163. 58 <0.000 1 1104.26 1 1104.26 48.35 <0.000 1
X5 25.92 1 25.92 158.71 <0.000 1 3385.92 1 3385.92 148. 25 <0.0001
X, 12.47 1 12. 47 76.37 <0.000 1 100. 00 1 100. 00 4.38 0.048 7
X, X, 5.78 1 5.78 35.42 <0.000 1 9.42 1 9.42 0. 41 0.5276
X, X, 5.81 1 5.81 35.57 <0.000 1 186.92 1 186.92 8. 18 0.009 4
X X, 0.01 1 0.01 0. 06 0.8070 55.65 1 55.65 2.44 0.1335
X, X, 4.52 1 4.52 27. 65 <0.0001 0.55 1 0.55 0.02 0.8778
X, X, 4.02 1 4.02 24.62 <0.000 1 17.78 1 17.78 0.78 0.3876
X3X, 0.03 1 0.03 0.16 0.696 1 8.42 1 8.42 0.37 0.5503
X? 14. 81 1 14. 81 90. 67 <0.000 1 389. 19 1 389. 19 17.04 0.000 5
X3 34.63 1 34.63 212.04 <0.000 1 154. 26 1 154.26 6.75 0.016 8
X§ 13.12 1 13.12 80. 32 <0.000 1 109. 48 1 109. 48 4.79 0.040 0
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