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This research presents a mathematical model and an
algorithm for the fractionation of bean seeds using a
cylindrical sieve. Based on the morphological parameters
of the seeds, the probability of passage through the sieve
holes, the distribution of fractions, and the influence of
sieve geometry were determined. The probabilistic model
considers seed length, width, thickness, and mass, while the
dynamic analysis describes seed motion inside a rotating
cylinder. Experimental measurements showed that the bean
seeds vary from 9.76 to 17.67 mm in length, 7.50 to 10.20
mm in width, and 4.32 to 6.95 mm in thickness, which has a
significant impact on separation performance. The
developed model and algorithm enable the optimization of
cylindrical sieve parameters and operating regimes for
improved fractionation accuracy.
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Introduction. High-precision fractionation of bean seeds plays a pivotal role in
enhancing the quality and technological suitability of agricultural products. Accurate
separation into size-based fractions directly influences seed purity, uniformity, germination
stability, mechanical processing efficiency, and the final performance of downstream
operations such as drying, calibration, and storage. In seed farming and industrial processing,
even small deviations in seed dimensions can lead to significant decreases in cleaning
accuracy and machine throughput, emphasizing the need for improved sorting mechanisms.

Conventional flat-sieve separators, which operate on reciprocating motion,
predominantly rely on two-dimensional screening. These machines often fail to account for
the full three-dimensional morphological variability inherent in bean seeds. Bean cultivars
typically demonstrate wide variation in length, width, thickness, and mass, and these irregular
geometries influence how seeds interact with sieve perforations. As a result, flat sieves
frequently exhibit limitations when handling seeds with non-uniform shapes, causing reduced
separation efficiency, higher impurity retention rates, and insufficient differentiation between
small, medium, and large fractions.

Cylindrical or rotary drum sieves, on the other hand, provide a fundamentally different
separation mechanism. Due to their rotational motion, seeds undergo continuous tumbling,
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sliding, and cascading within the drum, leading to natural self-classification. This dynamic
motion allows seeds to reorient themselves repeatedly, improving the probability that each
seed approaches the perforations in its most favorable orientation. Consequently, cylindrical
sieves enable more precise fractionation, particularly for seeds such as beans whose
morphology is asymmetric and variable. Moreover, cylindrical sieves allow multi-stage
separation using sequential sections with different perforation sizes, making them highly
suitable for advanced fraction separation applications.

Despite these advantages, the efficiency of cylindrical sieves strongly depends on several
interacting parameters, including rotational speed, drum diameter, length, perforation
diameter, perforation density, drum inclination angle, and feed loading conditions. The
relationship between these parameters and separation performance is inherently non-linear
and is further complicated by the physical properties of the seeds being processed. Therefore,
achieving optimal operation requires a rigorous mathematical framework capable of
describing the dynamic behavior of seeds within the rotating drum and estimating the
probability of passage through sieve holes.

Main part. In this research, a detailed morphological analysis of bean seeds was
conducted to capture the inherent dimensional variability of the material. A total of 900 bean
seeds representing three different varieties were measured using precision instruments. The
experimental measurements revealed considerable variation: the seed length ranged from
9.76 to 17.67 mm, the width from 7.50 to 10.20 mm, and the thickness from 4.32 to 6.95
mm. These variations are large enough to significantly influence separation outcomes,
particularly in sequential fractionation systems where each millimeter of difference affects
passage probability and classification boundaries.

Physical–mathematical model of seed movement in a cylindrical sieve
The motion of a seed inside the rotating cylindrical sieve is governed by rotational speed

(ω), gravitational acceleration (g), and friction coefficient (μ). The seed adheres to the inner
wall of the cylinder until the critical angle:

θc​ = arccos µ�
�2�

where R is the drum radius. At this angle, the seed begins to slip or fall freely. Thus, the
trajectory inside the cylinder consists of two phases:

(1) upward movement along the rotating wall,
(2) free fall and interaction with the sieve holes.
This dynamic behavior determines the likelihood and timing of seed–hole interactions.
Mathematical expression of the hole-passage probability
The probability that a seed passes through a sieve hole is directly related to its geometry.

Let � , � , and � denote the seed’s length, width, and thickness, and �ℎ represent the hole
diameter. The simplified deterministic condition is expressed as:

P = 1, if max �, � < �ℎ
0, otherwise

To include natural variability and non-ideal motion, an exponential probability model is
applied:

P = �−� ��� �,� −�ℎ
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where k is an empirical coefficient.
According to this model, the smallest seeds (B = 7.50 mm) pass through an 8 mm hole

with a probability of 0.98–1.00, while the largest seeds (B = 10.20 mm) are retained with
almost zero probability of passage.

Fractionation model across sieve sections
Fraction distribution depends on the number of sieve sections (n), rotational speed (ω),

hole diameter, and perforation density. The fractionation mathematical model is given by:
�� = �0�� �, �ℎ� , �

where:
 ��= mass of seeds classified into the i-th fraction,
 ��= passage probability through holes in section i,
 �= sieve loading factor.
Using this model, the seeds were separated into three fractions based on size:

small,medium, and large.
Development of the separation algorithm
The fractionation algorithm consists of the following sequence:
1.Measurement of seed geometric parameters (L, B, T).
2.Calculation of passage probability using the probabilistic model.
3.Selection of hole diameters in ascending order for multi-stage fractionation.
4.For each sieve section:
odetermination of rotational speed,
oadjustment of perforation density,
ocalculation of mass flow distribution.
2.Evaluation of separation accuracy and optimization of regime parameters.
This algorithm supports practical design and adjustment of the cylindrical sieve for

various bean varieties.
Conclusion. A mathematical model and an algorithm for the fractionation of bean seeds

in a cylindrical sieve were developed. The physical–dynamic equations describe seed motion
inside the rotating cylinder, while the probabilistic model establishes the relationship
between seed morphology and hole-passage likelihood. Based on experimental measurements,
optimal hole diameters and operating conditions were determined. The proposed algorithm
provides a systematic approach for designing sieve parameters and selecting appropriate
operational regimes, contributing to higher separation accuracy and improved machine
performance.
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