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Abstract

During machine-picked cotton processing, due to the significant seasonal characteristics of cotton
processing in Xinjiang, the processing process of large batches of seed cotton is affected by drying time,
and its actual moisture regain is difficult to maintain within a constant level. In addition, the existing
inclined seed cotton cleaners mostly adopt a structured design with fixed parameters and lack the ability to
adjust the material characteristics of seed cotton with different moisture regain, resulting in mismatch
between the working parameters of the cleaner and the corresponding moisture regain of seed cotton, which
easily leads to "high moisture regain". The contradiction between low cleaning efficiency under moisture
regain "and" large fiber damage under low moisture regain "cannot be reconciled. To this end, this study
aimed at maximizing impurities removal efficiency and minimizing fiber damage as the collaborative goal,
deeply explored the intrinsic relationship between moisture regain and seed cotton material characteristics,
trial-produced a test prototype with digitally adjustable structural parameters, and based on the test results,
combined with multi-objective optimization algorithm, a formula of optimal working parameters under
different moisture regain was constructed.

(1) Tests on the tensile characteristics, friction characteristics and compression and crushing
characteristics of single seed cotton mass of machine-picked seed cotton under different moisture regain
gradients were carried out. Based on the corresponding test results and previous research contents,
machine-picked seed cotton was selected. The moisture regain can be processed range is 5.5 ~ 12%. The
measurement of material characteristics of seed cotton with different moisture regain reveals the intrinsic
mechanical connection between the interaction of moisture regain and other processing parameters,
providing data support for parameter optimization in Chapter 4; at the same time, it can define the safety
threshold of the striking force of the spike roller, and use it as the basis for selecting the speed range of the
spike roller.

(2) An adjustment mechanism is designed that adjusts the rotation angle of an elliptical rod and then
changes the gap between adjacent grids. Its main structure and working principle are systematically
described, and its parameter adjustment range is determined through geometric calculation to be 8.5 ~ 12.5
mm. Further static and transient dynamic finite element analysis of the mechanism was carried out. The
results show that all the mechanism parts meet the rigidity design requirements and the maximum total
deformation of the mechanism under different grid clearances is not more than 1.34 X 10- 1mm; the
maximum equivalent stress of the elliptical rod is 20.59MPa when the gap between adjacent grids is

11.5mm. Based on the test results of the mass, destructive power and destructive energy of a single seed



cotton mass under a moisture regain of 5.5% ~ 11.5%, the elastic collision process between a single seed
cotton mass and a spike in the cleaning process was analyzed, and the test range of the spike roller speed
was selected to be 560 ~ 760 r/min; At the same time, the parametric design of the seed cotton feeding
amount was completed to ensure the accuracy of subsequent tests.

(3) Based on the design of the above structural parameters, the construction of the control system was
further completed. First, the control system hardware, PLC and sensors were selected, the corresponding
hardware wiring diagram was drawn and the control cabinet was built. Afterwards, according to the
mechanism control requirements, the PLC controller and touch screen software programs were compiled,
and the control system software and hardware were integrated to realize real-time monitoring and digital
control of the gap between adjacent grids and the speed of the nail piercing roller.

(4) Taking the speed of the spike roller, the feed amount of seed cotton, the gap between adjacent
grilles and the moisture regain of seed cotton as test factors, and taking the machine cleaning efficiency and
the short fiber rate of seed cotton as evaluation indicators, a single factor test was first carried out to
determine the factors with significant effects and their parameter ranges. Then, a quadratic regression
orthogonal rotation combination test design was carried out, and the regression equations between the
evaluation indicators and each test factor were obtained. The mapping between seed cotton moisture regain
and processing parameters was realized based on the non-dominated sorting genetic algorithm with elite
strategy. Verification under multiple working conditions shows that compared with before optimization, the
machine cleaning efficiency has increased by 14.14%, and the seed cotton short fiber rate has decreased by
11.22%; the maximum relative error of machine cleaning efficiency under different parameter
combinations is less than 4.59%, and the maximum relative error of seed cotton short fiber rate is less than
2.80%, which proves the reliability of the regression model and parameter optimization.

Key words: moisture regain; seed cotton cleaner; cleaning efficiency; short fiber rate; parameter

optimization
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Fig.1-1 Cotton cultivation in China from 2015 to 2024
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