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Mixing Process Analysis and Performance Experiment of Rotary Ration Mixer

LI Ligiao WANG Defu LI Chao
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to overcome the shortcomings of the traditional feeding method, the feeding industry of
ruminant gradually adopts the ration feeding technology that mixes the nutrient formula of roughage,
concentrate and various additives uniformly. The models of foreign ration mixers tend to serialization and
automation, but there are disadvantages such as high price, large power, and strong technical
confidentiality, which limit the popularization and application of foreign ration mixers in China.
Considering the shortage of mechanism study and innovative research of ration mixers, and the actual
needs of animal husbandry in China, for promoting the application of ration feeding technology in China,
a rotary ration mixer was designed. In order to reveal the mixing mechanism, the rotary ration mixing
experimental device was designed and used to observe and analyze the mixing process by the high-speed
photography technology. According to the movement characteristics of material particle group in the
drum, the material distribution area was divided into material lifting area, dropping area and material
returning area. The dropping area was the main mixing area, in which materials were mixed by main
shear mixing and auxiliary spread mixing and auxiliary convective mixing. The location, size and shape of
each area were affected by the structural and operating parameters. At the same time, the experimental
ration was chosen according to the forage-concentrate ratio of 35: 65 (based on dry matier content).
Rotary speed of the drum, loading rate of materials, mixing time, inclination angle of the shoveling plate
and height of the shoveling plate were used as experimental factors, coefficient of variation and net power
consumption were used as evaluation indexes, the method of orthogonal rotational combination experiment of
five factors and five levels was used to carry out the optimization experiment of performance. The experimental
results showed that coefficient of variation was 2.09% and net power consumption was 33.734 k] under the
conditions that rotary speed of the drum was 23.5 r/min, loading rate of materials was 65% , mixing time was
4 min, inclination angle of the shoveling plate was 11°, and height of the shoveling plate was 109 mm. The
results could provide reference for the research and development of ration mixers.
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Fig.1 Schematic diagram of overall structure of rotary

ration mixing experimental device
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Fig.2  Thrust decomposition of shoveling plate to

material particle
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Fig.3 Expanded diagram of arrangement of shoveling

plates in drum
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Fig.4 Schematic diagram of regional distribution

of movement of material particle group in drum
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Fig.5 Force analysis of material particle in drum
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Codes of experimental factors

Tab. 1

ity n/ (r-min -1 y L./% T/min  6,/(°) H/mm
FRESE(+2) 40.0 80 20 32 127
K +1) 32.5 65 16 24 111
EIKF(0) 25.0 50 12 16 95
TAKFC-1) 17.5 35 8 8 79
FRESE(-2) 10.0 20 4 0 63
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Tab.2 Experimental plan and results

- REHE Wit [ LT A
R Z, 2, Z, 2, Z; Y,/%  Y,/K A Z, 2, Z, Z, Z; Y,/%  Y,/K
1 1 1 1 1 I 234 148.771 || 19 0 2 0 0 0 274 101.082
2 1 1 1 -1 -1 634 17677 | 20 0 20 0 0 575 51.120
3 1 1 -1 1 -1 521 102758 || 21 0 0 2 0 0 271 138.912
4 1 1 -1 -1 1 371 71.49 || 22 0 0 2 0 0 420 33427
5 1 -1 1 -1 237 127.459 || 23 0 0 0 2 0 3.96  90.230
6 1 -1 -1 1 9.08 124925 | 24 0 0 0 -2 0 675 79.562
7 1 e I 526  65.357 || 25 0 0 0 0 2 473 103.874
8 1 -1 -1 -1 -1  9.41  53.741 26 0 0 0 0 -2 547 100.523
9 -1 1 1 1 -1 2,64 98.664 || 27 0 0 0 0 0 3.67 104.738
10 -1 I ! -1 1 277 103.517 || 28 0 0 0 0 0 351 104.738
11 -1 1 -1 1 I 6.39  68.088 || 29 0 0 0 0 0 371 93154
12 1 -1 -1 -1 245 49171 30 0 0 0 0 0 409 97.747
13 -1 -1 1 1 1 1.96  89.318 | 31 0 0 0 0 0 3.56  98.359
14 -1 -1 1 -1 -1 594 90.285 | 32 0 0 0 0 0 425  98.258
15 -1 -1 -1 -1 390  41.626 || 33 0 0 0 0 0 343  97.610
16 -1 -1 -1 -1 1 437 43210 || 34 0 0 0 0 0 333 97.790
17 2 0 0 0 0 7.38 132350 | 35 0 0 0 0 0 3.20 98057
18 -2 0 0 0 0 427 70606 | 36 0 0 0 0 0 354  104.738

4.3.2 [ AR T S A R

i8] Design-Expert /a6 2 spRUi dE1 77 225
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RS IC S VP NT e o S S o NSRS
D7 R0 [ p R I AR 22 30 T L [ g

et G PR 2R XS DA 8 B 2 W ) 15 A1 [ ) A Y
Y, =3.731 +0.813Z, —0. 6867, —0.427Z, -0.816Z, —
0.161Z, +0.4737Z: —0.119Z; +0.3567; +0.2927: —
0.4137,7, -0.795Z,Z, -0.219Z,Z; +1.039Z, 7, -
0.978%,Z, +0.3782,Z, (10)
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Y, =100.228 +14. 6587, +9.3397, +25. 6737, +
4.5577, +1.667Z, —5.9517Z; —3.4347; —3.7527; +
2.8627,7Z, +4.062Z,Z, -3.184Z,7Z, +4.05172,7Z, —

2.025Z,7, +1.9752,7Z, -1.953Z,Z,  (11)
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Fig. 10 Four-dimensional slice diagrams of effects
of experimental factors on evaluation indexes
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