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Design and Performance Test of Loss Sowing Detection System
for Cavity-type Rice Seed-metering Device
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Abstract; The precision seeding method of rice with cavity-type has the advantages of simplifying the
seeding mechanism and reducing seed damage. Aiming at the problem of miss-seeding holes during the
hill-drop direct seeding process of the cavity-type precision and small-amount seed-metering device of
hybrid rice, combining with the method of combined pulse, a novel loss sowing detection method and its
supporting system with cavity scanning of light curtain was designed based on cavity-type seeding
principle. The construction method of combined pulse was expounded and the dynamic model of rice seed
movement in the cavity detection zone was established to clarify the key structural parameters of the
cavity. Subsequently, the performance tests of the loss sowing detection system at different rotational
speeds, variable rotational speeds, and different vibration conditions of the seed-metering device were
carried out successively. The results of the rotational speed adaptability test showed that all the detection
errors at different rotational speeds and variable rotational speeds of the seed-metering device were not
higher than 0. 80% . The results of the vibration adaptability test showed that the performance of the
detection system was not affected by the medium and high-frequency vibration conditions, while affected
by the low-frequency vibration conditions characterized by relatively large amplitude with slightly larger
detection error, but the error was not higher than 1. 20% . The field test results showed that the detection
system had good adaptability to different forward speeds of seeder, and the detection error was not higher

than 2. 13% . The research result can provide a theoretical reference for loss sowing detection method of
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rice precision and small-amount seeding, and lay the foundation for the development of reseeding

systems.

Key words: super hybrid rice; cavity-type seed-metering device; loss sowing detection; photoelectric

sensor; light curtain
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Fig. 1 Structural diagrams of seed-metering device
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Fig.2 Schematic of cavity scanning detection
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Fig.3 Principle diagram of loss sowing detection

based on combined pulse
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Tab.1 Material characteristics of rice seed
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Fig. 6 Partial signal diagram of combined pulse under

corrected relative position of cavity and counterbore hole
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Fig.7  Signal-to-width ratio of sensor response time
difference and rice seed occlusion curtain duration under

corrected relative position of cavity and counterbore hole
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Radial displacement of rice seed relative to cavity

bottom surface under different vibration conditions
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Tab.2 Test results of loss sowing detection at

different rotational speeds of cavity plate %
HE i 2 5 1L/ 4% 2
Gowin) T T swm
1 13.20 12. 80 0. 40
10. 59 2 11. 60 11. 60 0
3 12. 80 12. 40 0.40
1 13. 60 13. 60 0
14.12 2 12. 40 12. 80 0.40
3 12. 40 12. 40 0
1 13.20 13.20 0
17. 65 2 11.20 11.20 0
3 12. 80 12. 80 0
1 13. 60 13.20 0.40
21.18 2 12. 40 12. 40 0
3 11. 60 11. 60 0
1 14. 00 14. 00 0
24.71 2 13. 60 13. 60 0
3 11. 60 11. 60 0
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Fig. 16  Flat rice seed pass through detection light curtain with posture of side-lying to front wall of cavity channel
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Tab.3 Test results of loss sowing detection at

different cavity plate variable rotational speeds %
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B/ (rad-s™?) JisaIIRIER SR
1 13. 60 13.20 0. 40
1.2 2 14.00 13. 60 0. 40
3 13.20 13.20 0
1 14. 40 14. 40 0
2.4 2 13. 60 13.20 0. 40
3 14. 40 13. 60 0. 80
1 12.80 12. 40 0. 40
3.6 2 13.20 13.20 0
3 14. 80 14. 40 0. 40
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Tab.4 Test results of loss sowing detection

under different vibration conditions %
i K75 LGS — 2%
ez ) {5 S PR

1 12. 40 13. 60 1.20

1% 2 12. 00 12. 40 0. 40

3 11.20 12. 40 1.20

1 14. 00 14. 80 0. 80

o] 2 12. 40 12. 80 0.40
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1 12. 80 12. 80 0
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3 14. 40 14. 40 0
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Tab.5 Field test results of loss sowing detection

HH ] 56

system %
- HLEL i 3 i 1 % -
B/ (km-h™1) RIRIER SRR AE

2.16 11.87 14. 00 2.13

foe 55 153 3.60 12.53 14.53 2.00
5.04 12. 80 14.53 1.73

2. 16 4. 80 5.33 0.53

11 )t 346 3.60 3.87 4.80 0.93
5.04 4.93 5.73 0. 80

2.16 6. 80 7. 60 0. 80

X 3551 3.60 6. 40 7.07 0. 67
5.04 6.93 8.00 1.07
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