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Design and experiment of the surveying and mapping device for the movement
characteristics of corn stubble cutting with disc cutting knife

LIN Jing, MA Tie, LU Ze-cheng, LI Bao-fa, SONG Jian-peng, LV Qiu-li
( College of Engineering, Shenyang Agricultural University , Shenyang, Liaoning 110161, China)

Abstract: No-till planter is one of the key equipment of conservation tillage, the seeding quality greatly affect the
development of conservation tillage. In order to optimize key components of no-till planter, we developed a disc stubble
knife cutting corn rootstalk motion characteristics testing device. The device can realize real-time mapping of disc coulter
work when measured point trajectories. Through the mapping and test on the three kinds of disc stubble knife trajectory,
inferred that the movement track of smooth disc broken stubble knife’ s stay measuring points was smooth cycloid, the
movement track of semicircular type gap disc and Archimedes spiral disc’s stay measuring points was cloud curves by dif-
ferent length of arc. Based on the above mention, make the kinematic analysis on three disc cutting knives, impact situa-
tion, buried slip angle and cutting speed changes were respectively analyzed and compared. To establish a stubble break-
ing cutter cutting stubble movement kinematics model with Archimedes spiral disc type. Depict the Archimedes spiral disc
broken stubble blade mouth point trajectory was composed of different length of the are cloud curve and to establish a bro-
ken stubble blade mouth point equations of motion with Archimedes spiral disc type. Found the track of the knife-edge
points on linear Archimedes screw disc stubble has the cycloidal law on the smooth disc stubble knife, but also has the
impact on the semi-circular notch disc stubble knife, and the sliding cutting angle bigger, sliding cut performance better.
Through the disc break stubble cutter cutting corn root stubble motion characteristics testing device of 2 factors 3 levels
orthogonal test analysis, that Archimedes spiral disc type stubble breaking cutter, machine counterweight to 100 kg
breaking stubble is best, stubble breaking rate is high.
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1. Trolley frame; 2. Connecting rod; 3. Spring; 4. Axis of rolling of trolley;
5. Mapping and balance weight holder; 6. Depth control shoe; 7. Mapping de-
vice; 8. Disc breaking knife to be measured; 9. Drive sprocket; 10. Driving
chains 11. Gear motor; 12. Trolley wheel
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Fig.1 Device for the movement characteristics of corn

stubble cutting with disc cutting knife
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1. Mapping and balance weight holder; 2. Pieces plate to be measured;
3. Depth control shoe; 4. Probe of surveying and mapping; 5. Surveying and
mapping support arm; 6. Surveying and mapping axle; 7. Shaft sleeve of sur-
veying and mapping; 8. Bearing block and bearing; 9. Disk mounting of
pieces plate
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Fig.2  Surveying and mapping device
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Fig.3 To determine archimedes spiral disc stubble

breaking cutter point to be tested
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Fig.4 Three types of disc cutting knife
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Trajectory curve of key point of smooth plane disk driving coulter
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Trajectory curve of key point of half round style disk driving coulter
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Trajectory curve of key point of archimedes spiral style disk driving coulter
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Fig.5 The movement trajectory curve shape of the key points
of the cutting edge of three kinds of disc stubble knife
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Fig.6  Analysis of sliding cutting angle of stubble cutting knife
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Fig.8 Analysis of the curve and figure of cutting edge of disc stubble knife
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Table 1  Disc cutting blade sliding cutting angle
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Smooth plane disk driving coulter

Half round style disk driving coulter

Archimedes spiral style disk driving coulter

Soil depth

¢ b a ¢ b a ¢ b a
0.5 27 28 23 21 41 18 9 31 21
1.5 24 24 22 16 46 16 11 40 38
2.5 22 21 21 13 53 13 13 51 59
3.5 19 18 19 14 65 — 17 57 81
4.5 16 14 18 13 74 — 26 32 —
5.5 14 11 17 12 78 — 42 — —
6.5 12 10 15 11 — — 51 — —
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Table 2 Sliding speed changing of cutting edge of disc stubble knife
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Serial {iﬁ Smooth plane disk driving coulter Half round style disk driving coulter ~ Archimedes spiral style disk driving coulter

number Position c b a c b a c b a
1 1-2 2.300 2.024 1.840 2.760 2.300 1.840 1.794 1.472 1.196
2 2-3 2.116 1.840 1.564 1.610 1.288 0.920 1.748 1.334 1.058
3 3-4 1.840 1.518 1.196 1.472 1.196 1.104 1.656 1.288 1.012
4 4-5 1.702 1.426 1.104 1.518 1.196 0.920 1.518 1.104 0.828
5 5-6 1.334 1.104 0.828 1.150 0.874 0.598 1.334 0.966 0.690
6 6-7 1.334 1.012 0.690 0.874 0.598 0.368 1.288 0.828 0.644
7 7-8 1.196 0.874 0.460 0.828 0.460 0.368 1.058 0.736 0.644
8 8-9 1.012 0.690 0.322 0.644 0.230 0.368 1.012 0.644 0.506
9 9-10 0.782 0.460 0.138 0.460 0.184 0.276 0.828 0.506 0.414
10 10-11 0.690 0.276 0.092 0.460 0.184 0.184 0.690 0.368 0.414
11 11-12 0.414 0.092 0.230 0.460 0.138 0.230 0.598 0.460 0.368
12 12-13 0.230 0.092 0.460 0.506 0.092 0.368 0.414 0.322 0.506
13 13-14 0.092 0.230 0.506 0.552 0.230 0.506 0.276 0.276 0.598
14 14-15 0.092 0.414 0.736 0.368 0.552 0.736 0.138 0.368 0.644
15 15-16 0.276 0.598 0.920 0.230 0.598 0.828 0.138 0.506 0.782
16 16 -17 0.414 0.736 1.058 0.230 0.644 1.012 0.322 0.690 0.920
17 17-18 0.690 1.058 1.288 0.276 0.644 1.058 0.460 0.828 1.058
18 18-19 0.828 1.150 1.426 0.276 0.644 1.150 0.598 1.012 1.196
19 19-20 1.012 1.242 1.564 0.874 1.380 1.564 0.736 1.104 1.288
20 20-21 1.196 1.472 1.702 1.058 1.426 1.610 0.874 1.196 1.426
21 21-22 1.426 1.656 2.024 0.966 1.564 1.656 1.058 1.334 1.518
22 22-23 1.702 1.932 2.070 1.104 1.564 1.702 1.104 1.472 1.610
23 23-24 1.656 1.978 2.116 1.380 1.610 1.748 1.334 1.610 1.794




Fig.10  The change of sliding cutting speed of cutting
edge of each disc stubble knife

each disc Stubble Knife

55 AR B  R SERICHE T)E FORMRAE IS SRR I 252 B B S 1 277
x3 BEE#HENNOVIEMEETH
Table 3 Accelerated speed variation of cutting edge of each disc stubble knife
e D T B 28 et ) 5 AL e 1 R ) A R A 2 700 5] 45 1 2 )
Serial Smooth plane disk driving coulter Half round style disk driving coulter Archimedes spiral style disk driving coulter
number c b a c b a c b a
1 -8.46 -8.46 -12.70 -52.90 -46.55 -42.32 -2.12 -6.35 -6.35
2 -12.70 -14.81 -16.93 -6.35 -4.23 8.46 -4.23 -2.12 -2.12
3 -6.35 -4.23 -4.23 2.12 0.00 -8.46 -6.35 -8.46 -8.46
4 -16.93 -14.81 -12.70 -16.93 -14.81 -14.81 -8.46 -6.35 -6.35
5 0.00 -4.23 -6.35 -12.70 -12.70 -10.58 -2.12 -6.35 -2.12
6 -6.35 -6.35 -10.58 -2.12 -6.35 0.00 -10.58 -4.23 0.00
7 -8.46 -8.46 -6.35 -8.46 -10.58 0.00 -2.12 -4.23 -6.35
8 -10.58 -10.58 -8.46 -8.46 -2.12 -4.23 -8.46 -6.35 -4.23
9 -4.23 -8.46 -2.12 0.00 0.00 -4.23 -6.35 -6.35 0.00
10 -12.70 -8.46 6.35 0.00 -2.12 2.12 -4.23 4.23 -2.12
11 -8.46 0.00 10.58 2.12 -2.12 6.35 -8.46 -6.35 6.35
12 -6.35 6.35 2.12 2.12 6.35 6.35 -6.35 -2.12 4.23
13 0.00 8.46 10.58 -8.46 14.81 10.58 -6.35 4.23 2.12
14 8.46 8.46 8.46 -6.35 2.12 4.23 0.00 6.35 6.35
15 6.35 6.35 6.35 0.00 2.12 8.46 8.46 8.46 6.35
16 12.70 14.81 10.58 2.12 .00 2.12 6.35 6.35 6.35
17 6.35 4.23 6.35 0.00 .00 4.23 6.35 8.46 6.35
18 8.46 4.23 6.35 27.51 33.86 19.04 6.35 4.23 4.23
19 8.46 10.58 6.35 8.46 2.12 2.12 6.35 4.23 6.35
20 10.58 8.46 14.81 -4.23 6.35 2.12 8.46 6.35 4.23
21 12.70 12.70 2.12 6.35 0.00 2.12 2.12 6.35 4.23
22 -2.12 2.12 2.12 12.70 2.12 2.12 10.58 6.35 8.46
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Table 4  Factors and levels of orthogonal test
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Table 5 Analysis of test results

) K Z Factor RIFEHR Test indicator
Test No. A B C D W #E 2 Stubble rate/ %
1 1 1 1 1 86.56
2 1 2 2 2 87.33
3 1 3 3 3 89.50
4 2 1 2 3 90.42
5 2 2 3 1 91.22
6 2 3 1 2 91.08
7 3 1 3 2 93.17
8 3 2 1 3 95.23
9 3 3 2 1 94.19
K, 263.39 270.15 272.87 271.97
K> 272.72 273.78 271.94 271.58
Ks 282.59 274.77 273.89 275.15
ky 87.80 90.05 90.96 90.66
ko 90.91 91.26 90.65 90.53
k3 94.20 91.59 91.30 91.72
2 R Range R 6.40 1.54 0.65 1.19
FWRIMF Order A>B>D>C
7K Optimal Tevel AsB; DGy
204 Optimal combination A3B;s
96.00 96.00
8 8
E 94.00 b B 94.00
5 5
592.00} 59200}
2 2 ./0—/°
2 90.00 2 90.00
7 &
5 88.00 | 5 88.00 -
X 86.00 = 86.00 |
84.00 84.00 L .
Xi X2 X3 50 75 100
(53] A 40 2 ) A UL AL Fi/kg

Disk driving coulter style
(a) [ BE R HE T 280 5 B 7 26 1) 7228 A R AR

Variation of disk driving coulter style and ploughing stubble rate

Machine bob-weight
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Variation of machine bob-weight and ploughing stubble rate
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Fig.15 Variation of experimental factors and indicators
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