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Design and Test on Performance Monitoring System of
No-tillage Planter Seed-metering Device
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Abstract; The performance monitoring system of a portable seed-metering device was developed, which
took a programmable logic controller ( PLC) and a touchable screen as the core, to improve the
convenience, flexibility and high precision of seed-metering monitoring. The monitoring system applied
programming software, named Delta WPLSoft V2. 37, to customize the PLC ladder diagram program and
configuration software, named DOPSoft 2.00.04, to achieve the development of human computer
interaction interface. The performance monitoring system of seed-metering device was mainly composed of
detection system, control system and monitoring system. Detection system used two rectangular fiber area
sensors, which were installed on the top and bottom of monitored area to detect qualified number, replay
number, leakage number and seeding rate. The interval between seeds was detected by sensor to
determine seed spacing. Closed loop control system was composed of PL.C, servo driver, servo motor and
pulse encoder, servo motor and seed-metering shaft was directly connected, the working speed of planter
was simulated through controlling the speed of servo motor. It was used to control the seed-metering
device of rotating shaft work speed, realize precision stepless regulation and ensure the seed-metering
device of rotating shaft according to the set speed stable operation. Monitoring system was mainly
controlled by the touch screen, which can display sowing device performance with various technique
indexes and the running situation of the control system. It can set seed-metering relevant parameters on
the human computer interaction interface to real-timely monitor the performance indicators of seed-

metering device, including qualification rate, seed-missing rate, seed-repeating rate, coefficient of
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variation and breaking rate. The test results on monitoring system accuracy showed that the test accuracy
of sensor 1 was above 95.42% and 1.77% ~4.58% of test error was caused by the situation that two
seeds may fall into the same monitoring zone at the same time during seed-metering process. The error
was decided by metering performance of the device and the re-seeding caused by situation that two seeds
fell into the same monitoring zone can be tested by sensor 2 which was under the seed sprout. The test
error rate was between 1. 77% and 4. 58% , while the combination of sensor 1 and sensor 2 can get the
accuracy rate range from 97. 90% to 99. 22% . Two tests of quadratic orthogonal regression on the rotation
speed of planting plate and the interval of two seeds’ falling time demonstrated that the performance of
the chosen spoon-typed seed metering device was the best with rotation speed of 32.29 r/min, seed
spacing of 28. 44 ¢m and machine moving speed of 4. 25 km/h. The parameter information from the test,
including row spacing, qualification rate, seed-missing rate and seed-repeating rate, etc. , can provide
scientific basis for seed-metering device to achieve its best performance at appropriate speed. It can solve
the bulkiness and intricacies shortage of seed-metering test-bed which was used indoors to imitate field
working environment in China. Meanwhile, the results can provide technical reference for precisely
seeding of corn no-tillage planter.

Key words: no-tillage planter; seed-metering device ; monitoring system; seed spacing; working speed;
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Fig.2 Diagram of overlapping seeds falling analysis
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Tab.1 Hardware configuration of monitoring system
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Fig.3 Structure diagram of performance monitoring system
for seed metering device
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Fig.4 System wiring diagram
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Tab.2 Test result of monitoring system accuracy

S5 HRDR EERRC SRR R %

1 500 6 516 98. 06
2 500 13 524 97.90
3 500 9 515 98. 83
4 500 4 509 99. 02
5 500 12 518 98. 84
6 500 7 511 99.22
7 500 3 513 98. 05
8 500 9 514 99. 03
9 500 5 511 98. 83
10 500 9 519 98.07
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Tab.3 Result of seed-missing and seed-repeating
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K/ % 97. 94 90. 56 87.71
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Tab.4 Coding for factors and levels

- HEFh e e B T 3
z/(remin~") z,/cm z3/(km-h~")
1.353 45 30 7
1 42.39 28. 04 6. 48
0 35 22.50 5
-1 27. 61 16. 96 3.52
-1.353 25 15 3
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Tab.5 Test scheme and results

Wk P L AWE EE EE

e ‘ ’ Pon/% /% y/%
1 1 1 1 85. 44 9.36 5.20
2 1 1 -1 87.50 8.40 4.10
3 1 -1 1 82.34 11.37 6.29
4 1 -1 -1 82.83 9.73 7.44
5 -1 1 1 93. 46 3.37 3.17
6 -1 1 -1 93.97 2.47 3.56
7 -1 -1 1 90. 52 3.92 5.56
8 -1 -1 -1 91.01 2.98 6.01
9 1. 353 0 0 83.71 10. 25 6.04
10 -1.353 0 0 93.21 2.26 4.53
11 0 1. 353 0 92.33 3.87 3.80
12 0 -1.353 0 90. 21 4. 84 4.95
13 0 0 1. 353 91.30 4.04 4. 66
14 0 0 -1.353 92.36 4.35 3.29
15 0 0 0 92.23 4.95 2.82
16 0 0 91.91 5.32 2.77
17 0 0 92. 10 4.73 3.17
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y; =51.11 =1.45z, - 1.32z, -2.97z, +0. 0lz,z, +
0.04z,z, +0. 0227 +0. 02z +0. 19z
AR R 3R 5 i A A AR 22 0 B i 2 HER
KRR RAEYERE D 00 A 2 HEFh AR By
32.29 r/min, $7 5 2k 28.44 cm, ML 25 7 oF 3 E N



74 YA 1 R O S ¢

2016 4

4.25 km/h, RIS PSR S AR R ]
A FEEAT TR 5, B A IR 25 SR N3k 6 s .

Fx6 FHESWER
Tab.6 Results of variance analysis
i 2RI MmO Bl ik F I L F
D, 236.39 9 26.27 F,=39.57 Fy, =6.72
D, 4.65 7 0.66
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D, 0.05 2 0.03
Ds 241.03 16
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