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Design and Experiment of Conditioning Roller for Alfalfa Mower Conditioner
Based on Hexagonal Irregular Teeth

JIN Qiao'?> YOU Yong' WANG Decheng' WANG Haiyi'> HU Pengzhan' FANG Xianfa’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Chinese Academy of Agricultural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China)

Abstract: In response to the problems of high grass crushing rate and large stem breakage loss during the
cutting and conditioning process of alfalfa, focusing on the initial flowering stage of alfalfa, the influence
of stem bending angle during the conditioning process on the stem breakage rate of alfalfa was analyzed.
A conditioning roller with hexagonal roller teeth was designed based on the geometry and force
relationship of the conditioning process, and the effects of the number of roller teeth, conditioning roller
speed, and roller gap on conditioning rate, conditioningloss rate, and stem breakage rate were analyzed
based on quadratic regression response surface experiment. The conditioning effect of hexagonal roller
teeth was verified through drying tests. The results indicated that the bending rate of the stem was
influenced by the gap between rollers and the breakage angle of the stem. When the gap was fixed, the
breakage rate of the stem was decreased as the bending angle was increased. When the bending angle of
the stem was constant, the smaller the gap was, the greater the breakage rate of the stem was. When
bending angle was greater than 140°, the breakage rate of the stem was less than 10% . The optimal
number of roller teeth, roller speed, and roller clearance for the conditioning roller were 6, 750 r/min,
and 1. 61 mm, respectively. The experimental results under this parameter showed conditioning rate of
97.12% , conditioning loss rate of 1.40% , and stem fracture rate of 1.79% . Under natural drying
conditions of 28 ~31°C, the average drying rates of mixed damage were 1.43 times and 1.97 times
higher than those of compression damage and bending damage within O ~ 30 minutes, respectively. In the
drying experiment, the average qualities changes rates of alfalfa conditioned with the conditioning roller
within 0 ~30 minutes were 1.53 g and 5. 36 g, respectively, which showed better drying effect than the
traditional conditioning roller.
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Tab.1 Structural parameters of conditioner roller

A /mm 730

AR AT 6

15 /mm 15

)2 /mm 51.98
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Tab.2 Relationship between number of roller teeth

and Ah

- AR 1A 00 BE ey B 2 H—I LA FEA
Ah/mm a,/(°) a,/(°)
4 5.01 118.71 161. 19
5 4. 69 118.31 159. 56
6 4.31 118.23 158.29
7 3.83 118. 12 157.74
8 3.62 118.03 156.78

®3 MEEREEZKD

Tab.3 Factors and codes of response surface test

#ifg Ak
FERBEE R AREBR/ mm 4R 3/ (romin ")
1 4 1.0 600
0 6 2.0 800
-1 8 3.0 1 000
3.4.2 I EE R

JE i e 7 TR B 4 R 4 s, Kp A B C

B T i R AT K et ) B S i R B 3 R
JE it 2 B B K ZE AT B 248 ] I A5 R Ry

C,=1.694 -1.82B +0.17C +0.26AB -0.91AC +
0.35BC -3.824° —1.84B% —1.28C* +97

B, =1.864 -0.23B +0.72C - 0. 54AB +0. 15AC +

0.018BC +1.57A> +0.19B*> +0.31C* +1.78
7.=8.684 -1.88B +0.97C - 1. 87AB +0. 22AC -

0.86BC +6.574> =0.64B° +0.32C* +3.9
(21)
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Tab.5 ANOVA of alfalfa conditioning experiment
I % JE Jnit [ ZEFFHTIR
R SEIrA AW ¥ P R th ¥ P IR AWE ¥ P
T 143. 38 9 24.40  0.0002* 44.83 9 92.19  <0.001*  839.36 9 118.73  <0.001 **
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c? 6.94 1 10.64 0.0138* 0. 41 1 7.65  0.0279" 0. 44 1 0.56  0.4796
e 4.57 7 3.47  0.1305 0.38 7 5.50 7
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Fig. 16  Response surfaces of experimental factors to evaluation indicators at roller speed of 700 r/min
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Fig. 17  Alfalfa drying test
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Fig. 18 Drying test results
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