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Mechanism Analysis and Parameter Optimization of
Paddle-type Ration Mixer
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Abstract; Coarse fodder and concentrates are separately fed by traditional feeding technology, which
tends to make ruminants select feed and cause metabolic diseases. The ruminant farming gradually adopts
a total mixed ration feeding technology by which coarse fodder and concentrates are mixed uniformly
according to the needs of ruminant growth and production. Aiming to promote the popularization and
application of the feeding technology, a paddle-type ration mixer was designed, and performance tests
and parameter optimization were performed by the paddle-type ration mixing experimental equipment. The
equipment was used to analyze the mixing process of the rations in the mixing chamber. The distribution
area of the rations in the mixing chamber was divided into the accumulation area, lifting area, slipping
area and slumping area. The mixing modes of each area were as follows: shear mixing and convection
mixing mainly occurred in the accumulation area and lifting area, and shear mixing and diffusion mixing
mainly occurred in the slipping area and slumping area; the mixing time, rotor speed and paddle
installation angle were taken as experimental factors, and the coefficient of variation and net power
consumption were used as evaluation indexes. The method of orthogonal rotational combination experiment
of three factors and five levels was used in experiments. The influence of the main parameters of the mixer
on the mixing uniformity and power consumption was obtained. The results showed that the paddle-type
ration mixer can meet the requirements of ration mixing; when the filling rate was 65% , the optimal
parameter combination was as follows; mixing time was 5.3 min, rotor speed was 8.6 r/min, and
installation angle was 34°. The coefficient of variation was 7.01% and the net power consumption was
51.02 kJ. The research result can provide support for the in-depth research and application of ration
mixers.

Key words: total mixed ration; mixer; paddle-type; mechanism analysis; parameter optimization

Wk B, 2019 —12 -23 &R H . 2020 -01 —25
BEEWMB . BERESHFAITRITH (2016 YFDO701301 ) A1 IE VT4 B ABF 5T 5 L3RI E K H (GA16B301)
BB N TEE(1964—) , B #8%2 , HAE S0, FENFHFBHUMITF , E-mail ; dfwang0203@ 163. com



5 6 1]

TR A kU HBERSHLILE T 5 S ik 123

0 35

Ry i MR A% GRS RURE 41 2 55 1 2 sl W 3k
B 5 R REIHEERE SR AR A s A A
FEE L R RDRE KRR S A RS IRITR A3 A
SIRA HAR (FRTFR H AR ) 1R B R & 76 B 45 3
e W, ZEARHETT N B DGR H IR ALY
W& SR

AR B ML M 2= 3 26 H IR A AL
WA T REMR, EIMIREL KRR, T2 L
TAraH e HORTR A AU RS IR B 5 B
BbUHRIRANL, HSVLAE T R0k KA
A 3L, B & TAE 328 i Aol 58 B, 5T 32
ZNE T O A HLAL W B B S5 PR AR5, X H
KR A WUR AP /730, 40 KAMMEL"™ Xf
H IR & ML 28 B RN 45 4 5 S 04T T HEFE 5 0
Mr,n H MR IE & Pl Wk &84T = %,
BUCKMASTER %5 ] i 8 b K 25 1 b 7w i 771,
YRR H MR G AL T 5, PR HOR A M fE
SISTKOVA % B 5% T H M [F 414> X3 R & HLIR
BHERER 2, H ORI R B R T A
P Al i 3 B e FE A AR B HOBIR S AL, B
A 0 37 A e | R IR e A HORIR & AL, R [
W B X HRESGI WS THRZMR, X
HR[5 -840 ml x4 fa 5 Ml G X H IR G HL .
iU IR G L RN HRIB SIS X H R
RAEMLEAT T8, I XHR G BR8] J] 80 |
i R I S BT T A (R E X H O
TR HLARIF ST 32 B 6] [ A0 R ML IR f) i i ik
5, i b, EANT HRRIE A VLB A s 52,
HORE X F 20t =8 B RIR A HL 09 HLER BT 5E R
it

X BTt = HORIR AL, AR SCHE 4 X
BANTZIRA PR G T 2 Ll Ll 8 )
54T S EDEM {5 BLIR A 43 B 2 i =X H IR A LAY
IRAEYL, FIHBE T HRIE A L g e &
WATIREA 5T, IR S T S 51k

1 BN EITERE

1.1 BKEEH

et X H AR A VLA B EZ R UR 1
MUARAL S R SR (A 1 iR ) |, R R
(KxTExm)N1.7mx0.7mx1.4m, JLAERSF
(K x5 x®E)R0.7mx0.5mx0.65 m, L2
0.226 m*, HoHLIAl EHUA R LA AL, EHLIA
KR TR AR R R LA 2 R AR R AL 45

L o 2 2 H RIR A HLAY R LB E, 228k
A SCHERT BRI, s AR A AR 7R R 4
L STHAT A 1 s, 9T XHE S =N
HOBR TR A R A7 WS, LIS i 25 ] A A LB
Bl

K1 et =X HORGR S AL A5 A 15
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Tab.1 Coding of experimental factors

g TRA ] o/ e R n/ Rt o/
min (remin~") (°)
1.682 8.0 20.0 60
1 6.8 17.2 52
0 5.0 13.0 40
-1 3.2 8.8 28
-1.682 2.0 6.0 20

x2 HBAREER

Tab.2 Experimental plan and results

R A B C Y, /% Y,/k]
1 -1 -1 -1 14. 47 32.96
2 1 -1 -1 9.41 58.79
3 -1 1 -1 9.59 59.02
4 1 1 -1 15.63  125.22
5 -1 -1 1 19.79 32.42
6 1 -1 1 10. 81 68.47
7 -1 1 1 15. 87 68.76
8 1 1 1 16.69  138.85
9 ~1.682 0 0 18.33 29.40
10 1. 682 0 0 14.45  116.07
11 0 ~1.682 0 9.91 36.07
12 0 1. 682 0 13.43  119.02
13 0 0 -1.682 7.96 66.37
14 0 0 1. 682 15.55 71.11
15 0 0 0 6.72 67. 89
16 0 0 0 6.39 70. 62
17 0 0 0 5.24 74. 41
18 0 0 0 6.59 72.86
19 0 0 0 7.59 71.45

20 0 0 0 6.89 73.62
21 0 0 0 6. 18 66. 66
22 0 0 0 6.28 72.38
23 0 0 0 6.03 73.34
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Tab.3 Variance analysis of variation coefficient

75 S R R -5 B ¥or F P
LAY 458.24/458. 19 9/8 50.92/57.27 105. 10/126. 36 < 0.0001/< 0.0001
A 13.75/13.75 1/1 13.75/13.75 28.39/30. 34 0.000 1/ < 0.000 1
B 6.22/6.22 1/1 6.22/6.22 12.85/13.73 0. 003 3/0. 0024
C 52.69/52. 69 1/1 52.69/52. 69 108. 76/116. 24 < 0.0001/< 0.0001
AB 54. 60/54. 60 171 54. 60/54. 60 112. 71/120. 46 < 0.0001/< 0.0001
AC 10. 44/10. 44 1/1 10. 44/10. 44 21.56/23. 04 0. 000 5/0. 000 3
BC 0. 048 1 0. 048 0. 099 0.757 8
A2 204. 96/204. 96 171 204. 96/204. 96 423.09/452. 18 < 0.0001/< 0.0001
B 58.75/58.75 171 58.75/58.75 121.26/129. 60 < 0.0001/ < 0.000 1
c? 60. 60/60. 60 171 60. 60/60. 60 125.08/133. 69 < 0.0001/< 0.0001
1= 6.30/6.35 13/14 0.48/0. 45
ES 1) 2.97/3.02 5/6 0.59/0. 50 1.43/1.21 0.3115/0.3910
gl 3.33/3.33 8/8 0.42/0. 42
Js¥ill 464. 54/464. 54 22/22
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Fig. 13 Response surfaces of variation coefficient
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