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Fig.1 Five-claw combination structure of mole rat
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Note: SSE is the sum of squares due to error of fitting equations; R* is the coefficient of determination of fitting equations; R,” is the degree of freedom adjusted coefficient
of determination of fitting equations; RMSE is the root mean squared error of fitting equations.
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a. Conventional rotary tillage blade
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b. Bionic rotary tillage blade
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Note: R is the rotary radius of the rotary tillage blade, mm; b is the working width
of the rotary tillage blade, mm; w, is the total width of five-claw combination,
mm; @ is the angle of inclination of five-claw combination, (°).
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Fig. 3 Configurations of rotary tillage blades
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a. Machine test equipment system

b. FHAAL A

b. Torque sensor

c. LB )1 242 B A
c. Agricultural machine dynamic param-
eter remote sensing instrument
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1. Tractor 2. Test system 3. Rotary cultivator 4. Depth measuring equipment 5. Torque sensor 6. Wireless dynamic data collector 7. Power 8. Antenna 9. Computer
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Fig. 4 Test equipment system
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Fig. 5 Power of rotary cultivators at different tillage conditions
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Fig. 6 Ratios of soil breakage of rotary cultivators at different tillage conditions
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Table 2 Field tillage performance of conventional and bionic rotary tillage blades

b. 5 2T A T 1A I
a. Furrow of conventional ~ b. Furrow of bionic rotary
rotary tillage blade tillage blade
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BRI . e s i 3 BEE e A -
Type of TAES% RPNy i BETER E Tk . . TR
. . - e . . Vegetation cov- Soil surface flatness .
rotarg tillage Working parameter Depth stability/% Stability of tillage width/% . Soil looseness/%
blade erage/% after tillage/cm
1 88.81 96.25 98.98 1.76 16.67
i 2 85.91 97.74 98.76 3.25 14.56
Forward velocity 3 88.12 97.84 98.12 3.56 15.23
fkm b 4 85.68 98.18 98.52 4.06 14.65
LG m 5 86.37 97.76 97.89 3.02 15.42
Conventional 3% Rotary 254 88.12 97.84 98.12 3.56 15.23
speed /r-min’! 267 85.37 98.48 99.04 3.12 15.58
80 87.88 98.46 97.56 4.05 15.98
BRR Tillage 120 88.12 97.84 98.12 3.56 15.23
depth/mm
160 89.54 98.91 98.68 4.85 14.32
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Continued table 2 Field tillage performance of conventional and bionic rotary tillage blades
TERE I 1Y R -
g P, H A 5 2 b1 4 e
Type of THEH PhR R Bkt L il LR
. . . - . . Vegetation cov- Soil surface flatness .
rotarg tillage Working parameter Depth stability/% Stability of tillage width/% . Soil looseness/%
erage/% after tillage/cm
blade
1 88.22 98.64 98.23 2.56 15.32
N 2 90.81 99.20 96.87 1.74 16.24
T
Forward velocity 3 93.13 98.89 98.52 1.86 15.52
/km-h!
4 89.67 98.95 97.65 1.31 17.01
] 5 86.95 98.49 99.42 1.11 16.53
Bionic
¥ Rotary 254 93.13 98.89 98.52 1.86 15.52
speed /rrmin 567 88.92 98.19 98.94 2.62 16.54
80 86.69 99.43 97.56 3.55 14.89
HHA Tillage 120 93.13 98.89 98.52 1.86 15.52
depth/mm
160 88.81 98.74 97.45 2.11 14.78
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Design and experiment of biomimetic rotary tillage blade based on
multiple claws characteristics of mole rats

Yang Yuwan"*’, Tong Jin***, Ma Yunhai*’, Jiang Xiaohu™, Li Jinguang™’
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China;
2. Key Laboratory of Bionic Engineering  Ministry of Education ,Jilin University , Changchun 130025, China;
3. College of Biological and Agricultural Engineering ,Jilin University , Changchun 130025 , China)

Abstract: Rotary cultivator is a primary cultivating machine in many countries. It can efficiently complete the operations of soil
mixing, turning, pulverizing, puddling and leveling, and thereby create good seedbeds for crop growing, while it is always chal-
lenged by the large power requirement. Therefore, it is urgent to need some methods to solve these problems. The proper optimi-
zation of rotary tillage blade geometry could help to reduce the power requirement and improve the tillage quality. Mole rats have
the outstanding digging performance, and their multi-claw combination and the contour curves of claw tips would inspire the de-
velopment of new efficient rotary tillage blade. By the observation and measurement, it was found that multi-claw combination
was a kind of combined narrow tooth structure, and quadratic gauss equation could accurately fit the contour curves of the five
claw tips (R* > 0.95 and SSE < 0.05). Based on these characteristics of the multi-claw combination and the contour curves of claw
tips of mole rats, the bionic rotary tillage blade was designed for reducing the tilth torque and power. And the field test was con-
ducted at different forward velocities, rotary speeds and tillage depths for obtaining the power and tillage quality of the bionic ro-
tary tillage blade. The conventional blade was as the control group for comparing the results with the bionic blade. Results
showed that on average, the power of the bionic rotary blade cultivator was reduced by 16.88% when the forward velocity in-
creased from 1 km/h to 5 km/h, and the power of the bionic rotary blade cultivator was decreased by 17.00% with the rotary
speed increasing from 254 r/min to 267 r/min, then the power of the bionic rotary blade cultivator was diminished by 21.80%
with tillage depth increasing from 80 mm to 160 mm. Especially, the bionic rotary cultivator could significantly reduce the risk of
smearing on the furrow bottom, form a flat furrow bottom and achieve a lower power requirement result. On the contrary, the con-
ventional blade had a little poor tillage quality. All of these were due to the better penetration and sliding cutting performances of
the claw tips and the smaller soil failure wedge produced by the multi-claw combination. Moreover, the field tillage performance
of the bionic rotary blade cultivator including ratio of soil breakage the depth stability, stability of tillage width, vegetation cover-
age, soil surface flatness after tillage and soil looseness, had no big differences with those of the conventional blade, and all these
met the requirements of the national standard of China. In sum, the bionic geometries had an important role on the torque and

power reduction of rotary tillage blades; further, they also could improve the tillage performance.

Keywords: agricultural machinery; bionic; multi-claw combination; contour curve of claw tip; rotary tillage blade; design; field

test



