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Design and Test of Pneumatic Downforce Control System for Planting
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Abstract: An adequate and consistent depth positioning of seeds is vital for uniform crop germination to
achieve the optimum yield of agricultural crops. However, the downforce variations from the row units will
affect the stability of sowing depth because of the irregular and inconsistent soil resistance of the seedbed.
Therefore, controlling the seeding downforce to compensate for changes in soil resistance can improve
seeding quality. At present, most of the downforce control methods are driven by hydraulic pressure,
which requires a high level for the tractor hydraulic system. In addition, previous studies have found that
the existing downforce detection methods have problems of low sensitivity and lack of fast and precise
control model, which can not achieve real-time accurate downforce control. To solve the problems, a new
downforce control method based on the air-spring pressure and the four-link angle was proposed, and a
corresponding pneumatic downforce control system was designed. The system consisted of pneumatic
driving device, tilt sensor for profiling mechanism, pressure sensor for air-spring, downforce sensor for
gauge-wheel, date acquisition and control module, and an upper computer. The pneumatic driving
device, which mainly included air-spring, electric-gas proportional valve, air pump, gas tank and oil
separation filter, was used to provide the necessary downforce on the profiling mechanism to ensure the
optimum and consistency of sowing depth. The downforce sensor and tilt sensor were applied to generate

downforce and the four-link angle signals in real time. After first-order low-pass filtering and model
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calculation by the upper computer, these actual downforce was displayed on the interface programmed by
LabVIEW and the control signals were sent to the electrical-gas proportional valve through the date
acquisition and control module based on RS485 communication. A modeling experiment was conducted to
establish the relationship between the sensor values and the actual downforce under different air-spring
pressures and four-link angles. Regression analysis showed that the model fitted the best, being 0. 974 3
in adjusted determination coefficient (Ridj) and 49.41 N in root mean square error ( RMSE). The
verification test showed that the predicted root mean square error (PRMSE) was 39.51 N, which showed
that the model had better control accuracy for downforce. Further, an air-spring response test and a field
test were carried out respectively to test system control performance. The results showed that the air-
spring inflation step response average overshoot was 3.83% , the average steady state error was
0. 005 2 MPa, and the average adjustment time was 0.42 s when the pressure was set in the range of
0.1 ~0.6 MPa. The field tests indicated that the system had stable and reliable control performance for
sowing depth in the speed range of 6 ~10 km/h. Within the industry standard error range of 10 mm, the
qualified rate of sowing depth of the system was not less than 98.91% . Especially when the speed of the
planter was over 10 km/h, the standard deviation (SD) of sowing depth was 3. 46 mm and the coefficient
of variation (CV) was 6.97% , which was significantly better than the passive downforce control system
with the SD of 6. 70 mm and the CV of 13.07% respectively.

Key words: precision planting; sowing depth; downforce; monitoring and control; pneumatic; sensor
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Tab.1 Experimental data
p/MPa  a/(°) S1/N p/MPa  a/(°) fa/N
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0 0 0 0.4 -0.39 625
-2.08 0 -2.41 519
-4.14 0 -4.35 383
-6.04 0 -6.19 187
6.02 127 5.44 858
3.82 127 3.21 905
1.95 103 1.44 836
0.1 -0.07 110 0.5 -0.46 731
-2.19 162 -2.48 594
-4.24 190 -4.39 437
-6.12 107 -6.22 217
5.91 293 5.26 1081
3.68 293 3.10 1074
1. 88 278 1.37 960
0.2 -0.18 330 0.6 -0.54 829
-2.30 343 -2.52 668
-4.28 272 -4.46 493
-6.12 134 -6.26 252
5.76 467
3.53 481
1.70 499
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-4.32 330
-6.19 159
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Tab.2 Step response results of air-spring control

PR A2, B LR IR 5, J8 T I 7 Y W

@,ﬁﬁ(l‘”\(]S)Xjﬁﬁiﬁﬁ?ﬁfi,@fiu%zFﬁﬂ? P,/ y(t”)/ y(w)/ o /% e /MPa T /s

) 45 S5 , A4 W B T (o, )RR ZS R 22 (e ) I MPa  MPa MR
0.1 0.1077  0.1026  4.97  0.0026  0.30

VAR (T,) o Horp, 98735 i 6] 8 ik B 5 {E 5%
JARETR] (T, o Forf, 98745 0 1] Oy 5 B A 25 0 5% 0.2 0.2128  0.2043 4.16  0.0043  0.30
R 2 31 [ VA T B O R B AR S SR TR A 0.3 03111 0.3044  2.20 0.0044  0.30
H 0.4 0.4197  0.4061  3.35  0.0061  0.40
y(t,) —y(o) 0.5 0.5299  0.5061  4.70  0.0061  0.50
o, = y() x100% (14) 0.6 0.6299  0.6079  3.62  0.0079  0.70
b5 383 0.0052  0.42
e,=y(®) -p, (15) It
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Tab.3 Field test results
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