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Abstract: The current domestic integration of a variable rate fertilization system and a fertilizer feeder
fault alarming system has a low level, and there is less research on dynamic response of a motor driving
fertilization system. A variable rate fertilizing control system supporting seeding and fertilizing monitoring
was designed based on a motor driving method. The system mainly included a touch screen, a central
controller and a data collector. The central controller was designed based on an MCU, which monitored
both the vehicle speed by using a GPS module and the fertilization motor speed in real time. The touch
screen was used to set or read the operation parameters by communicating with the controller. The data
collector monitored the working status of the multiple seed metering or fertilizer feeder. An experimental
platform was built to evaluate the monitoring accuracy. When the sowing axle speed was 12.5 ~ 125 r/min and
the monitoring sensitivity was set to 3 s, the accuracy of the fault alarming system was 100% . A test was
conducted to find the system response time with different fertilization rates, the test results showed that
the maximum system response time was 0. 75 s when fertilization rate was from 0 g/min to 11 500 g/min.
The prototype machine test result showed that when the fertilization rate was from 75 kg/hm® to 450 kg/hm’
with an increment of 75 kg/hm’, the average system response time was 1.08 s. When the fertilization
rates were 450 kg/hm’, 600 kg/hm’ and 750 kg/hm’ with different vehicle speeds, the average
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accuracies of fertilizer ejecting were 95.92% , 95.24% and 98.26% , and the variances were 3. 01% ,

1.39% and 1.36% , respectively. The field test results showed that when the fertilization rates were set
to 450 kg/hm” |, 600 kg/hm” and 750 kg/hm®, the average accuracies of fertilizer ejecting was 94. 69%

with variance of 2. 23% , and the accuracy of the fault alarm for multiple feeders was 100% .

Key words: variable-rate fertilization; fertilizing planter; sowing monitoring; visualization; multichannel

monitoring
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Tab.1 Experiment results of monitoring sensitivity
e INFE
DR e TR HEH

Ll RAELL/

AR R WK R% BUK E/%
1 100 2 98 19 81
2 100 1 99 6 94
3 100 0 100 1 99
4 100 0 100 0 100
5 100 0 100 0 100

3 s RGN HERD CHERE BT 5 WS 1 S
3.2 B HEBEEE HE AR & 25 K i K2 B 18] 3K 56

I A 5 7 b e 7 B (1) 4 5 e o oA 7% o it IS b
J5 i AR AR B SRR, TR R G =
705 A 1 o) 7 R 8] 56 R R I JE S A8 Ak e iz B[R] 3
BB (B 6) A7l w5 i, A& %7 19 17 ik 3
WE 4 2.88 km/h, jd b 45 i & ok A2 HEIE &, 7E
0 ~ 11500 g/min JEE A, Lh 575 g/min 2y [8] 7 4K K
HEATIRES , SR 4E 3 m Py JA] B 20 em [ HEAE & 00 45 7
I B2 Wi 4 F B [ 18] B R 0. 25 s, 30 5% 4% JIE 1 % B[]
PN 7 =3 = et R VA R [T S (1 R I N
IR A5 R L] 72 0 ~ 11 500 g/min {1 HE AL 722 1k 7T
FEL P, 2% G0 M 1 1) 8] d5c KK 0. 75 s, -1 0. 56 s, B
HEZE N 0. 18 s,

Bl s 6325 ginin |
_— g/min 2 1
—— 1150 ¢/min 6900 g/::;ﬁ :<—>0-75 5 5!
50 1725 g/min ——7475 g/min | :
b 2300 g/min 8050 g/min |
2875 g/min 8625 g;min :
3450 g/min =——9200 g/min
o5 408405 §/min 9775 g/min |
== ——4600 g/min 10350 a/mint
BB | ——5175 /min ——10925 w/min!
=) ——5750 g/min 11500 g/min,
% ;
20
103
£ 4
0 0.5 1.0 1.5 20 2.5 3.0 35
isfB)/s

7 HERE AR A e by i 1) 56 25 2R

Fig.7 Results of response times with different fertilizer rates

3.3 HEEEHBERR

T B E FR G0 0 HENE B RS U SR AR AL
KB HEAT T HEE A O R R g . IR HE AL LA
2BMGF — 7/14 1Y 4 $r 4% Fh s IE WL R F &, 06 58
220 cm, ¥ FH I N — P,0,— K, 0 454 N0 A} 75 15 i oy
920.3 ¢/L, BAHF AL 4% f FE HFAC & 2y 62.9 g/ro X5
B, 7 ol 25 15 5 it A 2 3 [ Ol 450 ~ 750 kg/hm” 38
FENLAE 4 ~ 6 km/h {5 [l P 59 2 Bl 56 B o 3 A7
FHEAE ™ 11 Ak 5 8 SR AR ISR B FR L, SR AR IR
BN 30 m, BLYGR B SR BEVE L T BN 67.2 m”,
3.3.1 AL BALA A o il £k

P, Bl B RS B T 42 5 ) IS o %) 4 RS B

FL Sl ALK Bl g H AR B K B A R 9K S 4 R 7
A, Qg AT, B0 9K 3l 0y SCHA B i B s
il A E PP . i T STC12C5A60S2 #L 7 HL LG
AU i R D RE , AR 0 SR IO A A o 45 i o AR 1Y
i & F/V B B, P S ML B . O T
ARAT FL S BILAS 5 R ) 56 AR 2, R B R
TWHI N 0 ~ 160 Hz, [6] f 10 Hz, 5k 48 i1 3 Bl 4 i 4%
AR AT RN 8 B o

200

150 y=1.09x-2.32

£ R=1

2 100

=

A

37 50

&
R 1 1 1 1 1 1 1 |
0 20 40 60 80 100 120 140 160

i A e
P8 H Bl ML AL £ il b £k
Fig.8 Control curve of motor rotation speed
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Tab.2 Calibration experiment results of GPS speed

module
40 0 I o S o 3 B/ . . »
1 1 2 M R B
(km+h™") (km+h™")
2.00 2.35 1.17
1.72 2.08 1.21
3.87 4.70 1.21
5.62 6.75 1. 20
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Tab.3 Experiment results of accuracy of fertilization

W SEBRAERE HEME
ITHEREE/  HEAE A/
Jiti 2 12/ AR/ WA R/
(km-h~") g
(kg-hm’z) (kg-hm’z) %
4 14 670.0 466. 8 96. 27
5 18 652.5 474.8 94. 49
450
6 21223.5 450. 2 99.95
3.04 ~5.20 6812.5 481.7 92.95
4 19 695.0 626.7 95.55
5 24705.0 628.9 95.19
600
6 30 142.5 639. 4 93.43
2.88~6.95 8757.5 619.2 96.79
4 24 367.5 775. 4 96. 62
5 30120.0 766.7 97.77
750
6 35745.0 758.3 98.90
3.08 ~6.09 10580.0 748. 1 99.75
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Fig. 9  Experiment of system response time with
different fertilizer rates
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Tab.4 Experiment results of system response

time with different fertilizer rates

it M

e iy SRR, FHWEE, PHRN
I [ /s (km-h~™") BB /m
(kg-hm %)
1 75 0. 96 3.75 1. 00
2 150 1. 26 3.80 1. 34
3 225 0.95 3.80 1. 00
4 300 0.95 3.80 1. 00
5 375 0. 96 3.75 1.00
6 450 1.42 3.80 1.51
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Fig. 10  Field experiment
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