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Design and Testing of Soil Crushing and Compacting Machine Based on
Corn Strip Tillage Technology

SHI Jihong', LIU Zhentong', HUANG Dongyan', MENG Xianzhang', QU Xinyu'?, WANG Jingli',
ZHU Fengwu',MA Yunhai®

(1.College of Engineering and Technology, Jilin Agricultural University, Changchun 130118, China;2.Zhejiang Sanyuan Longxing Technology Co., LTD,
Taizhou Zhejiang 318020,China; 3.College of Biological and Agricultural Engineering, Jilin University, Changchun 130022,China)

Abstract: [Objective]At present, the soil breaking in the domestic corn strip ploughing operation has the problem that the soil is
finely broken after rotary ploughing, and the moisture loss is large, which is easy to cause dust on the topsoil of the farmland, resulting
in serious water and soil erosion. At the same time, the compaction of soil can not adjust the pressure according to the change of soil
moisture, resulting in soil moisture can not meet the needs of crop sowing, which affects the quality of sowing. Therefore, a strip—till
cultivator combining disc harrow crushing and variable pressure compaction operations was designed. [Methods]A static analysis of
the drive shaft was carried out to determine the reasonableness of the design. The influence of the number of counterweight blocks on
the compression strength was tested, and a three—factor, three—level orthogonal test was conducted with the travelling speed, harrow

depth and harrow blade spacing as the test factors, and the soil crushing rate as the test index. At the same time, a quadratic
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regression orthogonal test was carried out to verify the combination with travelling speed, suppression strength and harrow depth as
test factors, and soil firmness and surface flatness as test indicators.[Results]It was determined that a compressive strength of 22.1 kPa
could be generated when three counterweight blocks were configured, which met the conditions for corn emergence. The main
influencing factors of soil crushing performance were travelling speed, harrow blade spacing and harrow depth; the optimal
combination of working parameters was travelling speed of 3 km+h™, harrow depth of 10 c¢m, and harrow blade spacing of 140 mm,
then the soil crushing rate was 73.15%, which was the optimal crushing effect of this experiment. The main influencing factors of soil
firmness and surface flatness were obtained as compression pressure, harrow depth and forward speed; the optimal combination of
parameters was determined as forward speed of 3 km+h™', compression strength of 21 kPa, harrow depth of 8 cm, and then, the soil
firmness was 53.4 kPa, and surface flatness was 2.7 c¢m, which were in line with the relevant standards in the industry.[Conclusion]
This study can provide a reference for the design and optimization of soil crushing and compaction strip—tillage implements, and lay a
foundation for improving the effectiveness of maize strip—tillage operations.

Key words: strip tillage technology; soil crushing and compaction machine; disc harrow blade; soil crushing rate; surface flatness
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Figure 3 Schematic diagram of harrow disc
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Table 1 Tests on the effect of the number of counterweight blocks on the compressive pressure of the machine

LMEReS 6 VoS BUR R /kPa
Number of counterweights Compaction pressure
2 16.8

3 22.1
4 27.2
5 32.6
6 37.8
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Table 2 Streeing factors and levels of performance test of soil crushing parts

K % Factor
Iievel TTHEHE A/ (km ) U Blem AL B #E C/mm
Travel speed Harrow depth Harrow blades spacing
1 6 130
3 8 140
3 5 10 150

E8 Lt EpHEREit B9 ®mIfEHRIFR
Figure 8 Performance test of soil crushing components Figure 9 Soil surface condition after soil breaking

FH 2% 2 FIEE 3 RIS 3R AR 114 TR 28 32 WU e DA R B/ INE VR R A 0 A R TRV BRIR . Bty
ZEIAS PR 2R e RAE K X oz B K 25 0B 5 ALBLC o e T 56, DIATHER M 3 km - h™' HRK 10 em B R
[B] #4140 mm B}, F3ERECRIAE] 73.15% , AR08 Fe A 5008 .
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Table 3 Analysis results of the performance test data of soil crushing parts

e ZHAEH IR %
Test number A B ¢ Interaction Soil crushing rate
1 1 1 1 1 64.27
2 1 2 3 2 66.45
3 1 3 2 3 69.23
4 2 2 3 1 71.36
5 2 3 1 2 69.82
6 2 1 2 3 72.71
7 3 3 2 1 71.84
8 3 1 3 2 66.73
9 3 2 1 3 68.06

K, 199.95 203.71 202.15 210.47
K, 213.89 205.87 213.78 203.00
K, 206.63 210.89 204.54 210.00
k, 66.65 67.90 67.38 70.16
k, 71.30 68.62 71.26 67.67
ky 68.87 70.30 68.18 70.00
R 4.65 1.67 3.88 2.49
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Optimal level
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Table 4 Experimental factors and levels of the overall machine
56 A % Experimental factors

e HHEEERE X, (cm-h) BRI X/kPa HTR Ko
Forward speed Compaction pressure Harrow depth
-1 1 18 6
0 3 20 8
1 5 22 10

e 8] 4 R RS 0 M A B SR RE R TR BT ) DR/ N e 7 e A i ok s , UL LCD 1602
WA /R s T A B 9 B 5 IR F AR AEIE Ff A B TH R ACRAE 0 ~ 10 em )2 400
IR R A B OCSCIR AT Y, 7E 0 ~ 10 em )2 RS 25K F 50 kPa L) b A5G F KK 17 b
A ZEOR  Je AR K OCW R Ay RS As . T T ALV P BRI AN PR 10, Ak s e s Bl e 11

-
N

E10 HEZENRE E11

e R RIS

Figure 10 Field experiment of the machine Figure 11 Soil surface after the operation
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Table 5 Test results of the machine

K= B RS X,/ (km-h!) BB X, /kPa U Xyfem A HEUR SR Y /kPa MRV Vylem
Test number Forward speed Compaction pressure Harrow depth Soil firmness Surface flatness
1 1 18 8 42.03 4.24
2 5 18 8 4473 4.44
3 1 22 8 53.76 3.76
4 5 22 8 51.52 3.97
5 1 20 6 52.62 3.58
6 5 20 6 53.65 3.95
7 1 20 10 46.45 3.98
8 5 20 10 49.88 4.16
9 3 18 6 48.73 3.15
10 3 22 6 58.21 2.54
11 3 18 10 45.69 4.43
12 3 22 10 56.12 3.15
13 3 20 8 48.56 2.71
14 3 20 8 49.27 2.65
15 3 20 8 49.05 2.69
16 3 20 8 49.20 2.78
17 3 20 8 48.62 2.79
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RIGEIEZE Design—Expert Ab PR , 75 H 7 22X (9) , IR HEA T I F A I I 6.
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Table 6 Variance analysis of soil firmness

ZE SR -7 A =]::)::8 ¥J5 2% " P
Source of difference Sum of squares Degrees of freedom Mean square error
Model 265.86 9 29.54 37.13 <0.000 1%
X, 3.03 1 3.03 3.80 0.0921
X, 184.61 1 184.61 232.05 <0.000 1%#%*
X, 28.39 1 28.39 35.68 0.000 6**
XX, 6.10 1 6.10 7.67 0.027 7*
XX, 1.44 1 1.44 1.81 0.2205
XX, 0.2256 1 0.2256 0.2836 0.6108
X2 6.41 1 6.41 8.06 0.025 1*
X2 0.3885 1 0.3885 0.4883 0.507 2
X2 36.49 1 36.49 45.86 0.000 3**
#2 2 Residual 5.57 7 0.7956
AT Lack of fit 5.13 3 1.71 0.0112
4li{% 2% Pure error 0.4354 4 0.108 9
SR Sum 271.43 16
R? 0.979 5

5 (P<0.05) B, #(P<0.01) IR BFE, T,
Note: *(P<0.05)means significant, **(P<0.01 )means highly significant. The same below.
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Figure 12 Response surface diagram of soil firmness
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Table 7 Analysis of variance of surface smoothness

Z R K75 Fl 1 BE W5 2% P p
Source of difference Sum of squares Degrees of freedom Mean square error
Model 7.30 9 0.8114 17.11 0.000 6%*
X, 0.1152 1 0.1152 243 0.163 1
X, 1.01 1 1.01 21.26 0.002 5**
X5 0.7813 1 0.7813 16.47 0.004 8**
XX, 0.000 0 1 0.000 0 0.000 5 0.982 3
X X, 0.009 0 1 0.009 0 0.190 3 0.6758
XX, 0.1122 1 0.1122 2.37 0.167 9
X2 4.12 1 4.12 86.87 0.000 1**
X,? 0.638 0 1 0.638 0 13.45 0.008 0**
X2 0.1757 1 0.1757 3.70 0.095 7*
322 Residual 0.3320 7 0.047 4
RAUI Lack of fit 0.3177 3 0.1059 29.58 0.003 4
4li % 2% Pure error 0.014 3 4 0.003 6
SFT Sum 7.63 16
R? 0.956 5
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Figure 13 Response surface diagram of surface flatness
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