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Abstract

To address the issues of poor seed-filling performance, high dependence on air pressure, and limited
variety adaptability commonly encountered in traditional air-suction soybean seed-metering devices
during high-speed operation, this study proposes an integrated innovative design methodology by
fusing the Theory of Inventive Problem Solving (TRIZ) with Axiomatic Design (AD) to develop a vibra-
tion-assisted seed-filling air-suction precision seed-metering device for soybean. Initially, the nine-
screen method of TRIZ was employed to conduct a resource analysis of the metering system, thereby
clarifying the idealization objectives and user requirements. Subsequently, a function-structure de-
composition framework was established through the zigzagging mapping of AD; once coupling issues
were identified in the design matrix, the contradiction matrix and inventive principles of TRIZ were
applied for decoupling and solution generation, for the design of critical components, coupled discrete
element method and computational fluid dynamics (DEM-CFD) simulations were carried out to reveal
the seed population movement behavior under vibration excitation and the airflow field distribution
characteristics. The core parameters, including the number of suction holes, working negative pres-
sure, and operational speed, were optimized via the response surface methodology. Bench validation
tests indicate that under the optimal parameter combination of 48 suction holes, a negative pressure
of 4.2 kPa, and an operational speed of 8.5 km/h, the qualified seeding rate reaches 94.9%, with a
relative error of merely 0.9%. The proposed design offers novel insights and references for the inno-
vative development of soybean precision seeding equipment from both methodological and struc-
tural standpoints.
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Figure 1. Optimization design process based on AD and TRIZ
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Figure 2. Overall structure of vibration-assisted seed filling air suction soybean seed meter
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Figure 3. Vibration-assisted seeding mechanism
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Figure 4. Seed plate and suction hole structure
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Figure 5. Air chamber structure
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Figure 6. The effect of vibration on seeding
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Figure 7. Comparison of the average speed of seeds over time in the seeding area
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Figure 9. Seeding device performance test bench
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