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Optimization Design and Experiment of Pneumatic Seeding
Downforce Regulating Device

CAO Xinpeng'?> WANG Chen'? PENG Chen'? WANG Jinxing'?> ZHANG Hongjian'> SUN Linlin"?
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Taian 271018, China)

Abstract: A pneumatic seeding downforce regulating device was designed to reduce pressure fluctuations
caused by surface undulations during mechanized sowing operations, which reduced the stability of
seeding depth. The motion process of downforce regulating device was analyzed, and the torsional
deformation process of the air spring which was the main working component was clarified. The main
structural parameters of the air spring that affected the seeding downforce stability were determined
through analyzing the influencing factors of seeding downforce and the deformation process of the air
spring, including cord angle, piston radius, and piston angle. In order to determine the optimal
parameter combination, a finite element simulation model for gas-solid coupling of air springs was
established. Taking improving the downforce stability as the optimization index, a quadratic rotation
orthogonal combination simulation experiment was conducted, and a regression model of test indicators
and influencing factors was established. Following the principle of reducing the vertical stiffness and
ensuring that the vertical output downforce of the air spring met the requirements, the optimal parameter
combination for the downforce air spring were determined by simulation experiment: cord angle was 38°,
piston radius was 42 mm, piston angle was 23°. To verify the effectiveness of theoretical analysis and
simulation experiments, the field experiments were conducted on the pneumatic seeding downforce
regulating device under the optimal parameter combination, the experimental results showed that the
pneumatic seeding downforce regulating device can effectively improve the stability of ditch depth
compared with the spiral spring seeding downforce regulating device. When the operating speedwas 4 km/h,

8 km/h, and 12 km/h, the qualified rates of ditch depth were increased by 8, 3 and 11 percentage points
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respectively, reducing the coefficient variation of ditch depth by an average of 2. 58 percentage points,

which significantly improved the consistency of seeding depth during mechanized seeding.

Key words: downforce regulating device; pneumatic; seeding
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Fig.1 Structural diagram of pneumatic downforce
regulating device
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Tab.1 Experimental factors and codes

Zii iy
X,/7(°) X,/mm X;7(°)
1. 682 60.0 50.0 25.0
1 53.9 47.0 19.9
0 45.0 42.5 12.5
-1 36. 1 38.0 5.1
-1.682 30.0 35.0 0
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Tab.2 Test plan and experimental results

5N H AR Y,/ 3 )

G

X, /(%) Xy/mm X3/(°) (Nemm~') J9MHY,/N
1 36. 1 38.0 5.1 15.2 1879.4
2 53.9 38.0 5.1 14.5 1480.1
3 36. 1 47.0 5.1 24.8 2990.9
4 53.9 47.0 5.1 22.3 2276. 1
5 36. 1 38.0 19.9 8.6 1667.5
6 53.9 38.0 19.9 5.7 1120.3
7 36. 1 47.0 19.9 17.8 2780.0
8 53.9 47.0 19.9 12.4 1761.9
9 30.0 42.5 12.5 21.3 2775.8
10 60.0 42.5 12.5 12.0 1552.5
11 45.0 35.0 12.5 6.7 1171.7
12 45.0 50.0 12.5 19.3 2611.7
13 45.0 42.5 0 23.9 2220.2
14 45.0 42.5 25.0 6.7 1630.9
15 45.0 42.5 12.5 11.9 1812.9
16 45.0 42.5 12.5 12. 4 1836.9
17 45.0 42.5 12.5 10.9 1828.9
18 45.0 42.5 12.5 12.2 1798.4
19 45.0 42.5 12.5 11.6 1818.1
20 45.0 42.5 12.5 13.8 1783.2
21 45.0 42.5 12.5 11.2 1779.3
22 45.0 42.5 12.5 13.1 1863.0
23 45.0 42.5 12.5 10. 4 1 840.4
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Tab.3 Variance analysis for vertical stiffness

KU TR AmE By F P
[ 619. 48 9 68.83  45.85  <0.0001**
X, 53.94 1 53.94  35.93  <0.0001*
X, 217. 42 1 217.42  144.84  <0.0001*
X, 274. 49 1 274.49  182.86 <0.000 1"
X, X, 2.31 1 2.31 1.54 0.2366
X, X, 3.25 1 3.25 2.17 0.1649
X, X, 0.28 1 0.28 0.19 0.6722
X? 43.92 1 43.92  29.26  <0.0001*
X3 2.20 1 2.20 1.47 0.2476
X3 22.32 1 22.32  14.87  0.0020*
B 2% 19.51 13 1.50
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Tab.4 Variance analysis for mean vertical force

JERBE M Q‘FE ¥ior F P

;-3
L7 5.10x10° 9  566651.54 431.06 <0.000 1 *
X, 1.64 x10° 1 1642887.78 1249.77 <0.000 1 **
X, 2.71 x10° 1 2709 813.84 2061.40 <0.000 1 **
X, 3.83x10° 1 383279.86 291.57 <0.0001*
X, X, 77303.12 1 77303.12  58.81 <0.0001*
X, X, 25447.68 1 25447.68  19.36  0.0007 **
X, X, 2941.45 1 2941.45 2.24 0.1586
X2 2.30x10° 1 230165.45 175.09 <0.0001**
X3 9175.23 1 9175.23 6.98 0.0203"
X; 20590.18 1 20590.18 15.66  0.001 6 *
B % 17089.18 13 1314.55
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