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Design and Experiment of Speed-dependent Seeding Control System
of Rapeseed Precision Combined Seeding Machine
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Abstract; Traditional precision rapeseed planters mostly use passive land wheel to drive seed metering
device. The phenomenon of land wheel slippage is easy to occur under high-speed operation conditions.
This phenomenon resulting in missing seeding and other more serious problems, which reduced the
quality of precision seeding in high-speed operations. Besides, traditional precision rapeseed planters are
difficult to achieve precise adjustment of seed spacing and seeding amount by manual gearbox. In allusion
to the problems mentioned above, a speed-dependent control system of rapeseed precision seeding which
used STM32 as MCU and realized real-time data interaction with the WeChat applet on the mobile phone
through the Bluetooth module was proposed. Different from the traditional electric drive seeding control
system, two speed measurement were used in this system, the land wheel encoder and BDS receiver were
used to measure the forward speed of the tractor during low-speed and medium-high-speed operation
respectively. When the system was working, MCU analyzed the data from each sensor and generated
motor control commands to drive the closed-loop stepper motor to drive the rotation of the seed metering
shaft, so as to realize the matching of seed metering shaft speed and tractor forward speed, and to realize
the stepless seeding amount adjustment. Meanwhile, users could set parameters such as target seed
spacing, ratio of transmission and land wheel diameter through the WeChat applet to apply to different
seeders, and key parameters were obtained such as total seeding amount and seeding area. Crucial
parameter calibration experiment showed that the critical negative pressure of adsorption seeds was 1477 Pa,

the critical speed of switching the speed measurement mode was 3.7 km/h, speed measuring range was
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1.44 ~ 12.77 km/h and motor speed regulation frequency was 5 Hz. The bench experiment results

showed that the seeding quality of speed-dependent control system was better than seeding at constant

speed, and seed spacing qualification index was higher than 87% when the speed range was 2.6 ~

7.8 km/h. The field experiment results showed that seeding error was less than 3. 9% and seed spacing

qualification index was no less than 84% at seeding speed ranged from 1. 44 km/h to 7.99 km/h. The

system met the requirements of rapeseed precision seeding and can provide a reference for the

improvement of the structure of speed-dependent control system of precision rapeseed planters.

Key words: rapeseed precision seeding machine; control system; speed-dependent control; stepless

seeding amount adjustment; mobile control
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Tab.4 Result of transmission accuracy test

Fl i ik / SRS/ (remin ') e 3

(remin~") 1 2 3 o £/%
50. 74 48. 19 48.03 48.27 48. 16 -5.08
45. 47 42.95 42.79 42.95 42.90 -5.66
40. 19 38.13 37.96 38.05 38.05 -5.33
35.27 33.46 33. 14 33.26 33.29 -5.62
29.79 28.39 28.19 28.31 28. 30 -5.01
25.04 23.20 24.01 23.60 23.60 -5.74
22.74 21.52 21.48 21.52 21.51 -5.42
15. 16 14.28 14. 44 14. 40 14. 37 -5.19
10. 05 9.53 9.58 9.61 9.57 -4.74

SRR ZhRG B R A A AL ) BRG JEE DU
Jo AL S o A0 ] — 0 R O ML A 2 3
S ARG R DN AR AR 22 R R R N T oy 2 — L ik
TAHAL 25 54050 FARFRIEZE 0.2% W, 775 7 o)
KB BER HERR T R BL I BORS B RO i R 6 A% B
BRZEMSE & B 45 F8 43 R T 100 147 AL U i
T ) Rl A AL Sl A A e A O SOk
RSN B IA S F B RBEE -5% /£
AR E MR ERE R RGERZE ., RS s,
SIABIERE a, = 1. 056 J5 0] KAL) 2 58 1 25 755 1
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Tab.5 Transmission accuracy after correcting

B i 8/ PR/ (romin ") 1 By i

(remin~") 1 2 3 ¥iE %/ %
50. 74 50.31 50.32  50.29  50.31 -0.84
45. 47 45. 45 45.40 45.52 45. 46 -0.04
40. 19 40.02  39.88  40.44  40.11 -0.18
35.27 35.02  35.13  34.99 35.05 -0.60
29.79 29.46  29.80 29.27  29.51 -0.94
25.04 24.91 24.83  25.05 24.93 -0.45
22.74 22.70  22.35 22.53 22.53 -0.92
15.16 14.83  14.94 15.27  15.02 -0.93
10. 05 10.11  9.92  9.96  10.00 -0.51
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4.2.3  HIHLIA AR

FEL L A 458 ) o 12 B[] 2Ry 73 ms, D0 e g HEL AL 9] R
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Tab.6 Control response time

LS v M) J3 B 7]/ ms 5% i S
(remin~1) 1 2 3 4 B[]/ ms

5 61 63 71 25 71

10 73 27 43 43 73

15 45 49 70 59 70

20 17 61 27 42 61

25 72 47 46 42 72

30 72 61 66 44 72

35 72 57 66 67 72
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Diagram of bench experiment configuration

Fig. 11
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Tab.7 Bench experiment results of speed-dependent

control system

Hbrpipe/ /s LATERE R E S

e o ey g5 .
2.6 91.37 5.38

3.9 91.46 6.19

60 5.1 89.77 6.33

5.9 88.71 4.63

R 7.8 87.12 9.64
AR 2.6 93.69 3. 64
3.9 92.56 4.86

80 5.1 92.77 4.94

5.9 90.53 7.22

7.8 88.76 6.81

2.6 92.17 5.16

3.9 91.63 4.93

60 5.1 90. 38 7.11

5.9 90.19 6.54

o 7.8 90. 55 6.79
ks 2.6 95.36 3.16
3.9 93.87 3.84

80 5.1 95. 62 2.66

5.9 93.26 3.25

7.8 92.54 4.79
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Fig. 12 Diagram of field experiment and sprouting consequent
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Tab.8 Statistics of qualified rate of seeding spacing

and coefficient of variation of seeding uniformity
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