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Abstract

Safflower is one of the important economic crops in Xinjiang. At present, mechanized harvesting has
not been achieved. The dry safflower filaments are small, light, hard and brittle, which makes them difficult
to pick and causes breakage during the picking process, affecting the picking effect of the dry safflower
picking machinery. Based on a comprehensive analysis of the current research status of dry safflower
picking machinery and roller brush picking methods at home and abroad, through the determination of the
material characteristics of dry safflower and the analysis of the principle of roller brush picking dry
safflower, an inclined roller brush picking device suitable for dry safflower picking was designed. Through
the combination of methods such as LS-DYNA simulation analysis and performance tests, The picking
operation performance of the device was explored. The specific research work and conclusions are as
follows:

(1) The planting pattern of safflower in Xinjiang was investigated on the spot. The samples of "Yu-
Min no-thorns" safflower planted in dry land in Tacheng area of Xinjiang were selected as samples. The
macro growth parameters and mechanical characteristics of dry safflower were measured, and the plant
spacing, width, number of fruit balls, highest fruit ball height, lowest fruit ball height, fruit ball tapered, dry
safflower-fruit ball binding force and water content were obtained. The structure design and operation
requirements of the picker of dry safflower were analyzed, and the technical requirements and working
conditions of dry safflower picking were determined.

(2) Based on the determination of the material characteristics of dry red flowers, a slanted roller brush
type dry red flower picking device was designed. The design and analysis of each mechanism of the device
were carried out. The structure and parameters of the key components were determined, and the material of
the brush wire used for picking was determined. The picking roller was analyzed, that is, the force analysis
and movement process analysis of the dry safflower, and the main factors affecting the performance of the
picking device were determined as the roller brush rotational speed, roller brush inclination angle and the
forward speed.

(3) Based on contact mechanics, the contact model of dry filaments-fruit balls - brush silks were
established, and the theoretical separation force of dry filaments-fruit balls was obtained. Based on LS-
DYNA, the process of contact force change and the peak contact force during the separation of dry filament
and fruit ball were obtained. In addition, the peak contact force was used as the evaluation index to test the
movement parameters of roller-brush picking dry safflower, and the central test level was obtained, and

then the orthogonal simulation optimization test was carried out. The test results obtained the primary and
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secondary order of factors affecting the peak contact force in the movement parameters, and the parameter
range of influencing factors in subsequent tests was preliminarily determined according to the actual
binding force of dry safflower filaments and fruit balls.

(4) Build a test bench for the harvesting performance of dry safflowers. Firstly, the optimal roller
brush spacing was determined through the plant pass rate test. Then, a single-factor test of the roller brush-
type dry safflower picking device was carried out to verify the reliability of the simulation test. Taking the
roller brush rotational speed, forward speed and roller brush inclination Angle as the test factors, and the
picking rate and injury fruit rate as the test indicators, The influence of each factor and its interaction on the
operational performance of the device was explored by using the three-factor and three-level orthogonal
rotation combination test. Through analysis of variance, the optimal parameter combination was obtained,
and the theoretical harvesting rate was 91.17% and the fruit injury rate was 0.27%. Through experimental
verification, the actual harvest rate was 88.97%, the fruit injury rate was 0.21%, and the operation
performance met the technical regulations for safflower harvesting, which can provide a reference for the
research and development of dry safflower picking devices.

Key words: Roller brush type; Dry safflower picking; Finite element analysis; Performance test
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Fig.1-2 Foreign safflower filaments harvesting machinery
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Fig.1-3 Fresh safflower picking machinery
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Fig.1-6 Distance adjustable dry safflower picking experimental bench
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Fig.1-9 Brush roller group of safflower filaments harvesting
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Fig.1-11 Roller type flower picker



