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Biomimetic Design and Experiment of Core-share Furrow Opener
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Abstract: In view of the problem that the resistance of the core-share furrow opener is too large under
high speed operation, an optimal design method of furrow opener based on the bionics principle was
proposed based on the efficient and low resistance penetration structure of the dog-badger canine tooth
surface. China northeast farmed badger was selected as bionic biological samples, it was carried out on
the upper right canine of badger advance disinfection after treatment for 3D scanning and obtained the
complete point cloud data, and then through the Matlab software, fitting curve of the four best badger
canine based on the above four design was obtained and the four kinds of slide furrowing device were
processed, finally it was compared with the traditional core-share furrow opener through contrast test
analysis. Under the condition that the operating depth was 50 mm, the type of opening device and
operating speed were taken as the test factors, the horizontal operating resistance was taken as the main
index, and the trench depth, trench width, ridge height and ridge width of the trench device were taken
as the secondary index to conduct the soil groove test. The experimental results showed that the resistance
of each optimized sliding trench opener was lower than that of the standard core-share furrow opener at the
same operating speed. At operating speed of 3.6 km/h, 5.4 km/h and 7.2 km/h, the operating
resistance of the optimal sliding trench device can be reduced by up to 8.04% , 8.15% and 8.71% ,
respectively, compared with the standard core-share furrow opener. The variation coefficient of furrow
depth, furrow width, side ridge height and side ridge width by standard core-share furrow openers and
optimized sliding furrow openers were all lower than 5% .
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Fig. 1 Real picture of badgers’ canine teeth
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Fig.2 Canine tooth area for opener design
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Tab.1 Mathematical equations of fitting curves

¥ 5 1t 277 12 x Y
Y, =0.000 343 2* - 0. 027 83a” +
1 0<x<89.2

0. 873 6x +2. 056

Y, =0.000 113 1x* —0. 012 24x* +
2 0<x<124
0. 585 5x +2.783

Y3 =0. 000 196 9x* —0. 010 97* +
3 0<x<92.4
0.415 8x +2.527

Y, =0.000 129 9»” - 0.014 68" +
4 0<x<120.9
0. 703 2x +0. 709
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Fig.3  Opener modeling process
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Fig.4  Schematics of no.0 ~4 openers
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Tab.2 Test scheme and results N
R R, B HWEHTS
(km-h~')  JF5 0 1 2 3 4
1 51.23 47.07 49.18 43.09 45.54
2 51.19 47.11 49.21 43.05 45.49
3.6 3 50.99 46.97 48.34 42.87 44.61

4 51.86 47.05 49.39 43.67 45.63
W 51.32 47.05 49.03 43.17 45.32

1 77.41 71.18 73.39 67.03 69.35

2 76.99 70.93 72.35 66.64 68.29

5.4 3 77.53 71.08 73.52 67.14 69.41
4 77.32 70.01 72.64 66.94 68.57

W 77.31 70.80 72.98 66.94 68.91

1 118.19 107.37 109.51 103.07 105.34

2 118.17 107.92 109.48 103.05 105.13

7.2 3 118.31 107.55 109.52 103.18 105.99
4 117.97 108.35 110.02 104.69 106.42

WM 118.16 107.79 109.63 103.50 105.72
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Tab.3 Some soil physical properties from study site
measured before experiments
I/ [ T
mm 1 2 3 4 B
0~50 1.227 1.126 1.134 1.217 1.176
50 ~100 1.312 1.291 1.237 1.309 1.287

28

UL/ (g-om ™)

BT /kPa 50 586 579 582 587 583.5
100 931 928 934 931 931

TR % 0~100 13.9 13.8 13.7 13.8 13.8

MR/ C 0~100 15.3 15.4 15.5 15.3 15.4
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Fig.6 Diagram of resistance test for opener
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Fig.7 Average resistance of no. 0 ~4 openers at different speeds
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Tab.4 Statistics of effect test between subjects
W W2ETrM HmE  H5 F P

B IEARRY 39 625. 907 6 6604318 4656135 <0.0001
fEiie) 345115.987 1 345115.98 243311.539 <0.000 1
c 857.118 4 214.280  151.070  <0.0001
d 38 768.789 2 19384.394 13666.266 <0.000 1
R2E 75.176 53 1.418

Bt 384817.070 60

BIFfE M 39701083 59

3.4.2 WIS L

T IR AT 0 ~4 SIFRAS K 98 5
FHAE  FERTHE 7 ) b A T B AR 45 B 5 AT
VB G AT TE I 8 2250 . 2R 56 uE, i
BT IR 28 FF H I R (& 8 FIT/R iy V JETA (a Rl
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Tab.5 Multiple comparison of types of openers N

iRtk " T

T i 1 2 3 4 5

3 12 71.2017

4 12 73.3142

1 12 75.2158

2 12 77.2125

0 12 82.2633
i 1 1 1 1 1

ZE9E b M 2B m YA TE 0 IR AR X A
M PR VAR T i 4R bR i 8 R,
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Fig.8 Schematic of groove profile parameters
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Tab.6 Groove shape parameters of five kinds of openers

PRk 3R a/mm b/mm m/mm h/mm
0 40.0 10.0 150. 0 55.0
1 39.5 9.0 149.0 53.0
2 39.8 9.2 148. 4 55.3
3 39.5 9.4 148.1 54.0
4 39.8 9.1 149.3 54.0
o] 39.72 9.34 148. 96 54.26
PRifE2E 0.217 0.397 0.750 0.915
A5 2B % 0.55 4.26 0.50 1.69

4 4k

(1) W sh=0F R A B B A W I BHACR . 1
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