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Abstract

Edible sunflower seeds are rich in nutrients such as protein, amino acids, minerals, vitamins, etc., with
a broad market prospect and are deeply loved by consumers; However, the integrity of the sunflower shell
and kernel separator on the market is low, and the hulling and kernel separation effects are poor. In re-
sponse to the above issues, this article takes primary (L > 20 mm, W > 8 mm) cooked edible sunflower
seeds as the research object, and divides the shell kernel separation process into three steps: feeding sorting,
hulling, and separating the shell kernel mixture. Design feeding sorting mechanism, adaptive hulling mech-
anism, and shell kernel separation mechanism based on the separation process of shell and kernel and mate-
rial characteristics. Using theoretical analysis, simulation, and physical tests, research and performance
testing were conducted on a household edible sunflower seed shell and kernel separating machine. The re-
search mainly focuses on the following aspects:

(1) The material properties of edible sunflower seeds and their kernels and shells were measured,
mainly including physical and mechanical properties. Measure the three-axis dimensions using a vernier
caliper, measure the density using the immersion method, measure the weight of a thousand grains using an
electronic balance, measure the suspension speed using a suspension speed test bench, measure the static
friction coefficient between components by changing the slope angle, measure the Poisson's ratio, shear
modulus, elastic modulus using a texture analyzer, and determine the collision recovery coefficient between
materials using the drop method.

(2) Based on the material characteristics and shell kernel separation process, a feeding sorting mecha-
nism was designed, and the diameter of the material retrieval roller and the thickness of the scraper nails
were determined. The feeding process was analyzed, and the main factors affecting feeding performance
were determined to be the shape of the feeding trough and the speed of the roller; Designed an adaptive
hulling mechanism, determined the radius of the clamping wheel, the width of the V-groove on the hulling
roller, and the radius of the V-groove. Through kinematic analysis of the hulling process, it was found that
the main factors affecting the hulling performance are the ratio of the speed of the clamping wheel to the
hulling roller, the clamping gap, and the hulling gap. A shell kernel separation mechanism was designed,
and based on the suspension speed and mass fraction of the material, the fan was selected. Kinematic anal-
ysis was conducted on the shell and kernel, and it was found that the main factors affecting separation were
wind speed and the angle between the air duct.

(3) Single factor test on feeding performance. Using the multi grain rate as the evaluation index and
the shape and speed of the feeding trough as the test factors; The results show that when the shape of the
feeding groove is triangular and the speed of the material retrieval roller is 15 r/min, the multi grain rate is

10.93%. Multi objective response surface testing of hulling performance. Using the hulling rate and kernel



crushing rate as evaluation indicators, the rotational speed ratio, clamping gap, and hulling gap are test fac-
tors; The results show that the main and secondary factors affecting the hulling rate and kernel crushing
rate are in the order of hulling gap, clamping gap, and speed ratio; When the speed ratio is 1, the clamping
gap is 3 mm, and the hulling gap is 8 mm, the hulling rate is 86.32%, and the kernel crushing rate is 6.88%.
Simulation test on the separation performance of shell and kernel. Using the kernel collection rate and ker-
nel content in the shell as evaluation indicators, and the angle and wind speed of the air duct as test factors,
the CFD-DEM coupling method was used to analyze different air duct schemes based on pressure and ve-
locity cloud maps of the air duct, and the coupling model was validated; Conduct orthogonal tests and ap-
ply comprehensive scoring methods to determine the optimal parameters; The results showed that the pri-
mary and secondary factors affecting the collection rate of kernels and the kernel content in the shell were
wind speed and the angle between the air ducts; When the wind speed is 6 m/s and the angle between the
air ducts is 31 < the kernel collection rate is 89.91%, and the kernel content in the shell is 6.24%.

(4) Integrate the whole machine, test the hulling rate, kernel crushing rate, kernel collection rate, and
productivity of the whole machine, and verify the size of the whole machine. The results show that the hull-
ing rate is 84.35%, kernel crushing rate is 8.25%, kernel collection rate is 78.07%, productivity is 85.33
pieces/min, and the size of the whole machine is 260 %200 > 350 mm. The structure of the shell kernel

separation mechanism was optimized, and the optimized kernel collection rate was 82.52%.

Key words: Edible sunflower seed; Material characteristic; Feeding; Adaptive hulling; Shell-kernel separa-
tion
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